
VIA WEBSITE POSTING
   

October 13, 2017

Contract No. T201451604.01
Federal Aid Project No. TIGER-2014(02)
Newark Regional Transportation Center, Station Building 
New Castle County

Ladies and Gentlemen:

Enclosed is Addendum No. 2 for the referenced contract consisting of the following:

1. The date for the receipt of bids has been moved to Tuesday, October 24, 2017, at 2:00 p.m.

2. The Bid Proposal Cover, revised, to be substituted for the same page in the Proposal.

3. The following Plan Sheets have been revised and replaced: 69, 70, 71, 72, 96, 97, 135, 137, 138, 139,
140, 141, 142, 143 and 146.

4. One hundred forty six (146) pages, Appendix A-Technical Specifications, (4 pages of the Table of
Contents and 142 pages of the Appendix) have been revised, to be substituted for the same pages in the
Proposal.

Please note the revisions listed above and submit your bid based upon this information.

         Sincerely,

         ~signature on file~

         Robert A. Kovacs
         Competitively Bid Contracts Coordinator
         Delaware Department of Transportation



STATE OF DELAWARE

DEPARTMENT OF TRANSPORTATION

BID PROPOSAL

for

CONTRACT  T201451604.01   
 

FEDERAL AID PROJECT NO. TIGER-2014(02)

CFDA NO. 20.933 

Newark Regional Transportation Center, Station Building 

New Castle County

ADVERTISEMENT DATE:   September 4, 2017

PROSPECTIVE BIDDERS ARE ADVISED THAT THERE WILL BE A  PRE-BID MEETING TUESDAY
SEPTEMBER 19, 2017 AT 3:30 P.M. IN THE DelDOT ADMINISTRATION BUILDING,

800 BAY ROAD, DOVER, DELAWARE, 19903.

COMPLETION TIME:  453 Calendar Days 

SPECIFICATIONS FOR ROAD AND BRIDGE CONSTRUCTION
DELAWARE DEPARTMENT OF TRANSPORTATION

AUGUST 2001

Bids will be received in the Bidder's Room at the Delaware Department of Transportation's Administration
Building, 800 Bay Road, Dover, Delaware until 2:00 P.M. local time  October 10 24, 2017  

Addendum No. 2 
October 13, 2017

robert.kovacs
Cross-Out
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CONSTRUCTION KEY NOTES
1 WORKING POINT.

EXTERIOR-GRADE GYPSUM BOARD CEILING, TYPICAL.  PT-4.

SLOPED GYPSUM  BOARD CEILING ABOVE ELECTRIC WATER COOLER, PAINT 
PT-1.

LIGHT FIXTURE, TYPICAL.  SEE ELECTRICAL DRAWINGS E-202, E-203 AND 
E-204.

BOTTOM OF CAST-IN-PLACE ARCHITECTURAL CONCRETE BEAM.  SEE 
STRUCTURAL DRAWINGS.

UNDERSIDE OF METAL BOX GUTTER.

24" x 24" PREFINISHED METAL ACCESS PANEL, TYPICAL.

V-SHAPED CONTROL JOINT IN GYPSUM BOARD CEILING, TYPICAL.

CEILING REVEAL PARALLEL TO EDGE OF CONCRETE BEAM, TYPICAL.

PREFINISHED ALUMINUM SOFFIT PANELS - MTL-1, TYPICAL.

EXPOSED STRUCTURE WITH HIGH PERFORMANCE COATING - PT-1, TYPICAL.

PREFINISHED STRUCTURAL ALUMINUM BRACKETS - MTL-1, TYPICAL.  
REFERENCE STRUCTURAL DRAWING S-510.

EXPOSED STRUCTURAL STEEL DECKING, TYPICAL.  PAINT PT-1. FACTORY-
APPLIED COATING TO MATCH MTL-1.  REFERENCE STRUCTURAL DRAWINGS.

ALIGN CEILING REVEALS, TYPICAL.

CEILING REVEAL ALIGNED WITH FACE OF COLUMN.

INSET EDGE OF CEILING IN 1" FROM FACE OF BRICK.

ALIGN EDGE OF CEILING AND DOOR FRAME.

ALIGN CEILING REVEALS WITH LOWER LEVEL REVEALS.

PROVIDE SUPPORT FOR LIGHT FIXTURE FROM STRUCTURE, TYPICAL.

GYPSUM BOARD CEILING SUPPORT SYSTEM, TYPICAL.

3" CEILING REVEAL, PT-4.

PREFINISHED ALUMINUM CHANNEL CS 7 x 3.21, MTL-1.

PREFINISHED ALUMINUM TUBE 5 x 2 x 1/8, MTL-1. CONNECT TO CHANNEL 
WITH 1/4" WELD 2" IN LENGTH AT 2'-0" O.C.

CONDUIT, SEE ELECTRICAL DRAWING E-202.

CAST-IN-PLACE ARCHITECTURAL CONCRETE BEAM.  SEE STRUCTURAL 
DRAWINGS.

PROVIDE ALUMINUM CLOSURE CAP AT EACH END OF FIXTURE MOUNT, MTL-1.

1/4" DIAMETER POST-INSTALLED STAINLESS STEEL SCREW ANCHOR WITH 
MAXIMUM EMBEDMENT DEPTH OF 1-1/4" AT 2'-0" O.C., TYPICAL.

2" DIAMETER DIELECTRIC SHIMS, 150 MIL THICK, TYPICAL.

PREFINISHED ALUMINUM LIGHT FIXTURE MOUNT - MTL-1, REFERENCE 
STRUCTURAL AND ELECTRICAL DRAWINGS.

3" CEILING REVEAL AT EDGE OF GYPSUM BOARD CEILING AND CONCRETE 
BEAM, TYPICAL.  PAINT, PT-4.

SCHEDULED PARTITION.

PREFINISHED EXTRUDED ALUMINUM TRIM, MTL-1.

COLD-FORMED STEEL STUD CEILING FRAMING. FRAME BACK TO ADJACENT 
PARTITION FRAMING.

ACOUSTICAL PANEL CEILING SYSTEM.

GYPSUM BOARD CEILING, PAINT.

ELEVATOR HOIST BEAM, SEE STRUCTURAL DRAWING S-105.

STORM AND FIRE PROTECTION PIPING, TYPICAL.  SEE PLUMBING DRAWING 
P-101 AND FIRE PROTECTION DRAWING FP-101.

MOTORIZED WINDOW SHADE AND CEILING POCKET,
REFERENCE ELECTRICAL DRAWINGS.

2

3

GENERAL SHEET NOTES
1. CENTER ACOUSTICAL PANEL CEILING GRIDS IN ROOMS UNLESS NOTED 

OTHERWISE.

2. SEE STRUCTURAL DRAWINGS FOR LOCATIONS AND SIZES OF EXPOSED 
STRUCTURAL FRAMING.
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NEW CASTLE

ADDENDUMS / REVISIONS

DELAWARE
DEPARTMENT OF TRANSPORTATION TOTAL SHTS.

SHEET NO.CONTRACT

COUNTY
DESIGNED BY:

CHECKED BY:

BRIDGE NO. N/A
T201451604NEWARK REGIONAL TRANSPORTATION 

CENTER, STATION BUILDING
168

10
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0/
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A-201

FAH/RJH

DAK

REFLECTED CEILING
PLANS AND DETAILS

690 16'8'4'

1/8" = 1'-0"SCALE:

SCALE: 1/8" = 1'-0"A-201
1 STATION BUILDING - LOWER LEVEL - REFLECTED CEILING PLAN

SCALE: 1/8" = 1'-0"A-201
3 STATION BUILDING - CONCOURSE LEVEL - RCP

SCALE: 1/8" = 1'-0"A-201
2 STATION BUILDING- PARTIAL RCP

REF:
SCALE: 3" = 1'-0"A-201

A-201

4 CEILING REVEAL

0 4" 8"

3" = 1'-0"

2"

SCALE:

REF:
SCALE: 3" = 1'-0"A-201

A-201

5 CEILING REVEAL

NOTE: SIMILAR TO 4/A-201 WITHOUT LIGHT FIXTURE. 

REF:
SCALE: 3" = 1'-0"A-201

A-201

6 SECTION DETAIL

REF:
SCALE: 3" = 1'-0"A-201

A-201

7 SECTION DETAIL

REF:
SCALE: 1 1/2" = 1'-0"A-201

A-103

8 SECTION DETAIL

0

1 1/2" = 1'-0"

3" 1'

SCALE:

6" 2'

REF:
SCALE: 1 1/2" = 1'-0"A-201

A-103

9 SECTION DETAIL

2 REVISED KEY NOTE #13 - RJH 10/11/17
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CONSTRUCTION KEY NOTES

1 MODULAR BRICK-CLAD COLUMN, TYPICAL.  REFERENCE 
STRUCTURAL DRAWING S-501.

CAST-IN-PLACE ARCHITECTURAL CONCRETE PLANTER, SEE 
STRUCTURAL DRAWINGS.

PREFINISHED ALUMINUM COMPOSITE MATERIAL PANEL -
MTL-1, TYPICAL.

CAST-IN-PLACE ARCHITECTURAL CONCRETE BEAM, SEE 
STRUCTURAL DRAWINGS.

PREFINISHED ALUMINUM LIGHT FIXTURE MOUNT - MTL-1, 
TYPICAL. REFERENCE STRUCTURAL DRAWING S-513 AND 
ELECTRICAL DRAWINGS E-202 AND E-602.

PREFINISHED ALUMINUM CURTAINWALL FRAMING BEYOND.

PREFINISHED ALUMINUM STOREFRONT FRAMING, TYPICAL.

PREFINISHED STRUCTURAL ALUMINUM BRACKET, TYPICAL.  
SEE STRUCTURAL DRAWING S-510.

PREFINISHED ALUMINUM COMPOSITE MATERIAL FASCIA, 
TYPICAL.

MODULAR FACE BRICK, TYPICAL.

PREFINISHED ALUMINUM CURTAIN WALL, TYPICAL.

CAST-IN-PLACE ARCHITECTURAL CONCRETE CURB WALL.  
SEE STRUCTURAL DRAWING S-101 AND S-102.

CAST-IN-PLACE ARCHITECTURAL CONCRETE CRASH WALL 
BEYOND, SEE STRUCTURAL DRAWINGS.

CAST-IN-PLACE ARCHITECTURAL CONCRETE COLUMN, 
TYPICAL.  SEE STRUCTURAL DRAWINGS.

FINISH GRADE, SEE CIVIL DRAWINGS.

PREFINISHED ALUMINUM RAIN CHAIN BOX GUTTER - MTL-1, 
REFERENCE STRUCTURAL DRAWINGS S-515 AND S-516.

OPEN TO BEYOND.

STAINLESS STEEL RAIN CHAIN.

CAST-IN-PLACE ARCHITECTURAL CONCRETE WALL, SEE 
STRUCTURAL DRAWINGS.

CAST-IN-PLACE ARCHITECTURAL CONCRETE CRASH WALL, 
SEE STRUCTURAL DRAWINGS.

PREFINISHED ALUMINUM CHANNEL COLUMN COVER - MTL-1, 
TYPICAL.  SEE STRUCTURAL DRAWING S-510.

BRICK CONTROL JOINT.

MODULAR FACE BRICK TO BE REMOVED DURING 
INSTALLATION OF FUTURE PEDESTRIAN BRIDGE.

RAIN LEADER DISCHARGE WITH PRECAST CONCRETE 
SPLASHBLOCK, REFERENCE PLUMBING DRAWING P-104.
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EXTERIOR FINISH LIST
DESIGNATION MANUFACTURER - BASIS OF 

DESIGN
DESCRIPTION - BASIS OF DESIGN

BR-1

MATERIAL

MODULAR FACE BRICK REDLAND BRICK CUSHWA; CAMDEN BLEND (170)
ARCH CONC-1 ARCHITECTURAL CONCRETE - -

GL-1 GLASS PPG SOLARBAN 60; CLEAR

CW-1 INSIDE GLAZED ALUMINUM CURTAIN 
WALL FRAMING / ENTRY DOOR FINISH YKK AP YCW 750 XT IG; COLOR: PPG, DURANAR "PERSIAN GREEN" (UC117574)

SF-1 INSIDE GLAZED ALUMINUM STOREFRONT 
FRAMING YKK AP YES 45 TU; COLOR: PPG, DURANAR "PERSIAN GREEN" (UC117574)

DURANAR "BRIGHT WHITE" (UC55026) "GRAHAM WHITE" (UC72638)MTL-1
PREFINISHED ALUMINUM BRACKETS, 
ALUMINUM COMPOSITE MATERIAL, 
SOFFIT PANELS, FASCIA, CHANNELS

PPG

DURANAR "BRIGHT WHITE" (UC55026) "GRAHAM WHITE" (UC72638)MTL-2 EXPOSED METAL FLASHING PPG

NEW CASTLE

ADDENDUMS / REVISIONS

DELAWARE
DEPARTMENT OF TRANSPORTATION TOTAL SHTS.

SHEET NO.CONTRACT

COUNTY
DESIGNED BY:

CHECKED BY:

BRIDGE NO. N/A
T201451604NEWARK REGIONAL TRANSPORTATION 
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BUILDING ELEVATIONS
70

REF:
SCALE: 1/8" = 1'-0"A-301

A-101

A STATION BUILDING - SOUTH BUILDING ELEVATION

REF:
SCALE: 1/8" = 1'-0"A-301

A-101

B STATION BUILDING - EAST BUILDING ELEVATION

0 16'8'4'

1/8" = 1'-0"SCALE:

2 REVISED EXTERIOR FINISH LIST - RJH 10/11/17
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CONSTRUCTION KEY NOTES

1 MODULAR BRICK-CLAD COLUMN, TYPICAL.  REFERENCE 
STRUCTURAL DRAWING S-501.

CAST-IN-PLACE ARCHITECTURAL CONCRETE PLANTER, SEE 
STRUCTURAL DRAWING S-508.

PREFINISHED ALUMINUM COMPOSITE MATERIAL PANEL -
MTL-1, TYPICAL.

CAST-IN-PLACE ARCHITECTURAL CONCRETE BEAM, SEE 
STRUCTURAL DRAWINGS.

NOT USED.

PREFINISHED ALUMINUM STOREFRONT FRAMING, TYPICAL.

PREFINISHED STRUCTURAL ALUMINUM BRACKET - MTL-1, 
TYPICAL.  SEE STRUCTURAL DRAWING S-510.

PREFINISHED ALUMINUM COMPOSITE MATERIAL FASCIA -
MTL-1, TYPICAL.

MODULAR FACE BRICK, TYPICAL.

PREFINISHED ALUMINUM CURTAIN WALL, TYPICAL.

CAST-IN-PLACE ARCHITECTURAL CONCRETE CURB WALL. SEE 
STRUCTURAL DRAWINGS S-101 AND S-102.

CAST-IN-PLACE ARCHITECTURAL CONCRETE COLUMN, 
TYPICAL.  SEE STRUCTURAL DRAWING S-501.

FINISH GRADE, SEE CIVIL DRAWINGS.

PREFINISHED ALUMINUM RAIN CHAIN BOX GUTTER - MTL-1, 
SEE STRUCTURAL DRAWING S-514.

OPEN TO BEYOND.

STAINLESS STEEL RAIN CHAIN.

CAST-IN-PLACE ARCHITECTURAL CONCRETE WALL, SEE 
STRUCTURAL DRAWINGS.

CAST-IN-PLACE ARCHITECTURAL CONCRETE CRASH WALL, 
SEE STRUCTURAL DRAWINGS.

STAINLESS STEEL SCUPPER.

MODULAR FACE BRICK REVEAL CENTERED ON COLUMN 
ABOVE, TYPICAL.

PREFINISHED ALUMINUM CHANNEL COLUMN COVER - MTL-1, 
TYPICAL. SEE STRUCTURAL DRAWING S-510.

PREFINISHED INSULATED METAL WALL PANEL, MTL-1 (TO BE 
REMOVED DURING FUTURE CONTRACT).

LIGHT FIXTURE, SEE ELECTRICAL DRAWING E-602.

BRICK CONTROL JOINT.

AIR SPACE. PROVIDE CAVITY DRAINAGE MATERIAL AT ALL 
FLASHING LOCATIONS, TYPICAL.

CAST-IN-PLACE CONCRETE WALL, SEE STRUCTURAL 
DRAWINGS.

MASONRY VENEER TIES AND ANCHORS AT 16" O.C. EACH WAY, 
TYPICAL.

MODULAR FACE BRICK TO BE REMOVED DURING 
INSTALLATION OF FUTURE PEDESTRIAN BRIDGE.

4"x6" STAINLESS STEEL DOWNSPOUT TO PRECAST CONCRETE 
SPLASHBLOCK.
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EXTERIOR FINISH LIST
DESIGNATION MANUFACTURER - BASIS OF 

DESIGN
DESCRIPTION - BASIS OF DESIGN

BR-1

MATERIAL

MODULAR FACE BRICK REDLAND BRICK CUSHWA; CAMDEN BLEND (170)
ARCH CONC-1 ARCHITECTURAL CONCRETE - -

GL-1 GLASS PPG SOLARBAN 60; CLEAR

CW-1 INSIDE GLAZED ALUMINUM CURTAIN 
WALL FRAMING / ENTRY DOOR FINISH YKK AP YCW 750 XT IG; COLOR: PPG, DURANAR "PERSIAN GREEN" (UC117574)

SF-1 INSIDE GLAZED ALUMINUM STOREFRONT 
FRAMING YKK AP YES 45 TU; COLOR: PPG, DURANAR "PERSIAN GREEN" (UC117574)

DURANAR "BRIGHT WHITE" (UC55026) "GRAHAM WHITE" (UC72638)MTL-1
PREFINISHED ALUMINUM BRACKETS, 
ALUMINUM COMPOSITE MATERIAL, 
SOFFIT PANELS, FASCIA, CHANNELS

PPG

DURANAR "BRIGHT WHITE" (UC55026) "GRAHAM WHITE" (UC72638)MTL-2 EXPOSED METAL FLASHING PPG

TYP
1' - 0"1"

 T
YP

24 9

25

26 27

NEW CASTLE

ADDENDUMS / REVISIONS

DELAWARE
DEPARTMENT OF TRANSPORTATION TOTAL SHTS.

SHEET NO.CONTRACT

COUNTY
DESIGNED BY:

CHECKED BY:

BRIDGE NO. N/A
T201451604NEWARK REGIONAL TRANSPORTATION 
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BUILDING ELEVATIONS
71

REF:
SCALE: 1/8" = 1'-0"A-302

A-101

A STATION BUILDING - NORTH BUILDING ELEVATION

REF:
SCALE: 1/8" = 1'-0"A-302

A-101

B STATION BUILDING - WEST BUILDING ELEVATION

0 16'8'4'

1/8" = 1'-0"SCALE:

REF:
SCALE: 1 1/2" = 1'-0"A-302

A-302

1 PLAN DETAIL

0

1 1/2" = 1'-0"

3" 1'

SCALE:

6" 2'

NOTE: REFERENCE BUILDING ELEVATIONS FOR 
CONTROL JOINT LOCATIONS.

2 REVISED EXTERIOR FINISH LIST - RJH 10/11/17
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CONSTRUCTION KEY NOTES

1 CAST-IN-PLACE ARCHITECTURAL CONCRETE PLANTER, SEE STRUCTURAL 
DRAWING S-508.

PREFINISHED ALUMINUM COMPOSITE MATERIAL PANEL - MTL-1, TYPICAL.

CAST-IN-PLACE ARCHITECTURAL CONCRETE BEAM, SEE STRUCTURAL 
DRAWINGS.

PREFINISHED INSULATED METAL WALL PANEL, MTL-1 (TEMPORARY).

PREFINISHED STRUCTURAL ALUMINUM BRACKET - MTL-1, TYPICAL.  SEE 
STRUCTURAL DRAWING S-510.

MODULAR FACE BRICK, TYPICAL.

PREFINISHED ALUMINUM CURTAINWALL, TYPICAL.

CAST-IN-PLACE ARCHITECTURAL CONCRETE CURB WALL. SEE 
STRUCTURAL DRAWINGS S-101 AND S-102.

PREFINISHED ALUMINUM RAIN CHAIN BOX GUTTER - MTL-1, SEE 
STRUCTURAL DRAWINGS S-515 AND S-516.

STAINLESS STEEL RAIN CHAIN.

LIGHT FIXTURE, SEE ELECTRICAL DRAWING E-602.

TAPERED POLYISOCYANURATE INSULATION WITH ROOFING MEMBRANE 
AND GREEN ROOF SYSTEM.

CAST-IN-PLACE CONCRETE SLAB, SEE STRUCTURAL DRAWING S-103.

CAST-IN-PLACE CONCRETE COLUMN, SEE STRUCTURAL DRAWING S-501.

6"x4" STEEL ANGLE, LONG LEG VERTICAL WITH 16 GAUGE CONTINUOUS 
HAT CHANNEL.

STEEL PLATE, SEE STRUCTURAL DRAWING S-512.

SILL CAP FLASHING (TEMPORARY).

CAST-IN-PLACE CONCRETE WALL, SEE STRUCTURAL DRAWINGS.

CAST-IN-PLACE ARCHITECTURAL CONCRETE SLAB, SEE STRUCTURAL 
DRAWING S-104.

MASONRY VENEER TIES AND ANCHORS AT 16" O.C. EACH WAY, TYPICAL.

AIR SPACE. PROVIDE CAVITY DRAINAGE MATERIAL AT ALL FLASHING 
LOCATIONS, TYPICAL

8" NOMINAL CMU (TO BE REMOVED DURING FUTURE CONTRACT).

MASONRY VENEER TIE ATTACHED TO STEEL PLATE (TO BE REMOVED 
DURING FUTURE CONTRACT).

SPRAY FOAM INSULATION (TO BE REMOVED DURING FUTURE CONTRACT).

CAST-IN-PLACE CONCRETE WALL POCKET BEHIND FACE BRICK, SEE 
STRUCTURAL DRAWINGS.

MODULAR FACE BRICK TO BE REMOVED DURING INSTALLATION OF 
FUTURE PEDESTRIAN BRIDGE.

CONTROL JOINT AT EDGE OF FACE BRICK TO BE REMOVED IN FUTURE.

STEEL SHELF ANGLE, SEE STRUCTURAL DRAWINGS.

FACE OF CAST-IN-PLACE CONCRETE WALL BEHIND, SEE STRUCTURAL 
DRAWINGS.

WEEPS AT 16" O.C., TYPICAL.

EMBEDDED MASONRY THROUGH-WALL STAINLESS STEEL FLASHING.  
FULLY GROUT CAVITY BELOW FLASHING.

RIGID WALL INSULATION, REFERENCE SPECIFIC ARCHITECTURAL WALL 
SECTIONS.

2
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4

5

6

7

8

9

10
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15

16
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18
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24

25

26

27
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29
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31

32

STATION BUILDING
GROUND FLOOR

EL. 110.00

A-403
2

A-403
2

A-402
1

A-402
1

1

A-402
3

A-402
3

CW2 CW3 CW2 CW3 CW2 CW3 CW2 CW3 CW4 CW5

23

5

6

7 8

9

1011

8' 
- 0

"

12 13

146

EXTERIOR FINISH LIST
DESIGNATION MANUFACTURER - BASIS OF 

DESIGN
DESCRIPTION - BASIS OF DESIGN

BR-1

MATERIAL

MODULAR FACE BRICK REDLAND BRICK CUSHWA; CAMDEN BLEND (170)
ARCH CONC-1 ARCHITECTURAL CONCRETE - -

GL-1 GLASS PPG SOLARBAN 60; CLEAR

CW-1 INSIDE GLAZED ALUMINUM CURTAIN 
WALL FRAMING / ENTRY DOOR FINISH YKK AP YCW 750 XT IG; COLOR: PPG, DURANAR "PERSIAN GREEN" (UC117574)

SF-1 INSIDE GLAZED ALUMINUM STOREFRONT 
FRAMING YKK AP YES 45 TU; COLOR: PPG, DURANAR "PERSIAN GREEN" (UC117574)

DURANAR "BRIGHT WHITE" (UC55026) "GRAHAM WHITE" (UC72638)MTL-1
PREFINISHED ALUMINUM BRACKETS, 
ALUMINUM COMPOSITE MATERIAL, 
SOFFIT PANELS, FASCIA, CHANNELS

PPG

DURANAR "BRIGHT WHITE" (UC55026) "GRAHAM WHITE" (UC72638)MTL-2 EXPOSED METAL FLASHING PPG

CUSTOM BRICK SCHEDULE
SHAPE LOCATION

COLUMN A1

*SEE A-600 SERIES SHEETS

7 1
/2"

±

7 1/2"±

11
 1/

2±

11 1/2"±

7 3/4"±

7 3/4"±

4"±

4"±

7 5/8"

3 5
/8"

±

COLUMN A7

*SEE A-600 SERIES SHEETS

3 3/4"±

8"
±

SHAPE LOCATION

1

NO. NO.

COLUMN A1

*SEE A-600 SERIES SHEETS

COLUMN A1

*SEE A-600 SERIES SHEETS

COLUMN A1

*SEE A-600 SERIES SHEETS

COLUMN A7

*SEE A-600 SERIES SHEETS

2

3

4

5

6

6 3
/4"

±

7 5/8"

STAIR

*SEE A-700 SERIES SHEETS
7

3"±

4"±

8
STAIR

*SEE A-700 SERIES SHEETS

7 1
/4"

±

5"±

STAIR

*SEE A-700 SERIES SHEETS
9

3 5
/8"

9 1/4"±

STAIR

*SEE A-700 SERIES SHEETS
10

CONCOURSE LEVEL
EL. 134.00

2' 
- 0

"

25

26

27

4

28 A-303
2

CONCOURSE LEVEL
EL. 134.00

C

4

17

26

20

21

15

19

18

22

23

24

16

A-303
4

CONCOURSE LEVEL
EL. 134.00

A-302
1

2' 
- 0

"

27

25

26

28

A-303
4

29

CONCOURSE LEVEL
EL. 134.00

B2

A-303
2

2' 
- 0

"

26

22

28

20

21

22

16

23

18

19

21

30

31

28

21

30

31

6

18

32

NEW CASTLE

ADDENDUMS / REVISIONS

DELAWARE
DEPARTMENT OF TRANSPORTATION TOTAL SHTS.

SHEET NO.CONTRACT

COUNTY
DESIGNED BY:

CHECKED BY:

BRIDGE NO. N/A
T201451604NEWARK REGIONAL TRANSPORTATION 

CENTER, STATION BUILDING
168

10
/1

0/
20

17
 4

:0
5:

10
 P

M

A-303

FAH/RJH

DAK

BUILDING ELEVATIONS
AND DETAILS

720 16'8'4'

1/8" = 1'-0"SCALE:

REF:
SCALE: 1/8" = 1'-0"A-303

A-101

A STATION BUILDING - PARTIAL SOUTH BUILDING ELEVATION
REF:
SCALE: 1 1/2" = 1'-0"A-303

A-302

1 ELEVATION DETAIL

REF:
SCALE: 1 1/2" = 1'-0"A-303

A-303

2 SECTION DETAIL

REF:
SCALE: 1 1/2" = 1'-0"A-303

A-301

3 ELEVATION DETAIL

REF:
SCALE: 1 1/2" = 1'-0"A-303

A-303

4 SECTION DETAIL
SCALE: 1 1/2" = 1'-0"A-303

5 SECTION DETAIL

0

1 1/2" = 1'-0"

3" 1'

SCALE:

6" 2'

NOTE: TYPICAL FLASHING DETAIL AT SHELF ANGLE 
LOCATIONS. REFERENCE STRUCTURAL DRAWINGS.

NOTE: REFERENCE DETAIL 3/A-408 FOR ATTACHMENT OF TEMPORARY METAL WALL PANEL.

2 REVISED EXTERIOR FINISH LIST - RJH 10/11/17
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1' - 8"

7"
8"

5"

TY
P1' 
- 0

"
TR

EA
D11
"

TR
EA

D
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"

TR
EA

D

11
"

TYP
10 3/4"

2

3

4

7

7 3

8

8

9

11
10

11
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12

14

14

15

18

17

A-703
4

2' 
- 0

"

5"
1' 

- 0
"

7"

2 7 8

18 4

CONCOURSE LEVEL
EL. 134.00

STATION BUILDING
T.O. MID ROOF

EL. 137.33

3/8
"

3' 
- 4

"

2

4

5

6

5

6

7
8

18

22

23
25

CONSTRUCTION KEY NOTES

1 CAST-IN-PLACE ARCHITECTURAL CONCRETE LANDING, SEE 
STRUCTURAL DRAWINGS S-104 AND S-503.

LIGHT FIXTURE, TYPICAL.  SEE ELECTRICAL DRAWINGS E-203, E-204 AND 
E-602.

CAST-IN-PLACE ARCHITECTURAL CONCRETE STAIRS WITH BLUESTONE 
TREADS, TYPICAL. REFERENCE STRUCTURAL DRAWING S-503.

MASONRY VENEER TIES AND ANCHORS AT 16" O.C. EACH WAY, TYPICAL.

EMBEDDED MASONRY THROUGH-WALL FLASHING.  FULLY GROUT 
CAVITY BELOW FLASHING, TYPICAL.

WEEPS AT 16" O.C., TYPICAL.

AIR SPACE. PROVIDE CAVITY DRAINAGE MATERIAL AT ALL FLASHING 
LOCATIONS.

MODULAR FACE BRICK, TYPICAL.

1-1/2" DIAMETER STAINLESS STEEL HANDRAIL, TYPICAL.  PROVIDE 1-1/2" 
MINIMUM CLEAR SPACE BETWEEN HANDRAIL AND ADJACENT SURFACE, 
TYPICAL.

CUSTOM MODULAR FACE BRICK.

CUSTOM MODULAR FACE BRICK BELOW.

1/2" MORTAR JOINT BETWEEN STAIR TREAD AND LANDING, TYPICAL.

2

3

4

5

6

7

8

9

10

11

12

CAST-IN-PLACE ARCHITECTURAL CONCRETE WALL, SEE STRUCTURAL 
DRAWINGS.

1-1/2" x 1-1/2" x 3/16" MINIMUM STEEL TUBE BALUSTER - HIGH 
PERFORMANCE COATING MTL-1 PT-1, TYPICAL.

RETURN HANDRAIL EXTENSION TO WALL, TYPICAL.

1/4" BETWEEN STAIR TREAD AND CONCRETE WALL, TYPICAL.

1/4" BETWEEN STAIR TREAD AND BRICK WALL, TYPICAL.

CAST-IN-PLACE CONCRETE WALL, SEE STRUCTURAL DRAWINGS.

TOP OF CAST-IN-PLACE ARCHITECTURAL CONCRETE WALL, SEE 
STRUCTURAL DRAWINGS.

STAINLESS STEEL FLASHING SET IN CONTINUOUS SEALANT BED BELOW.

MODULAR FACE BRICK BELOW, TYPICAL.

CAST-IN-PLACE ARCHITECTURAL CONCRETE SLAB, SEE STRUCTURAL 
DRAWING S-104.

MODULAR SOLID BRICK HEADER WALL CAP, TYPICAL.

9" OPEN CELL (VAPOR SEMI-PERMEABLE) SPRAY FOAM INSULATION, R-38 
MINIMUM, TYPICAL.

14

15

16

17

18

19

20

21

22

23

24

6" x 3-1/2" x 5/16" LLV STEEL ANGLE WITH 5/8" DIAMETER MECHANICAL 
ANCHOR WITH 3-1/8" MINIMUM EMBEDMENT AT 3'-0" MAXIMUM 
SPACING. PROVIDE LONG HORIZONTAL SLOTTED HOLES AT 18" 
SPACING TO ACCOMMODATE CONFLICTS WITH REBAR.

STEEL ANGLE 2" x 2" x 3/8" - HIGH PERFORMANCE COATING PT-1, 
TYPICAL.

STEEL BASEPLATE - HIGH PERFORMANCE COATING PT-1, TYPICAL. 
SEE STRUCTURAL DRAWING S-503 FOR BASEPLATE DETAILS.
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SHEET NO.CONTRACT

COUNTY
DESIGNED BY:

CHECKED BY:

BRIDGE NO. N/A
T201451604NEWARK REGIONAL TRANSPORTATION 

CENTER, STATION BUILDING
168

10
/1

0/
20

17
 4

:0
5:

12
 P

M

A-703

FAH/RJH

DAK

STAIR DETAILS
960

3/4" = 1'-0"

1' 3'2'

SCALE:

REF:
SCALE: 3/4" = 1'-0"A-703

A-701

2 PLAN DETAIL

REF:
SCALE: 3/4" = 1'-0"A-703

A-701

3 PLAN DETAIL

REF:
SCALE: 3/4" = 1'-0"A-703

A-703

4 SECTION DETAIL
REF:
SCALE: 3/4" = 1'-0"A-703

A-701

1 PLAN DETAIL

REF:
SCALE: 3/4" = 1'-0"A-703

A-701

6 PLAN DETAIL

REF:
SCALE: 3/4" = 1'-0"A-703

A-702

7 SECTION DETAIL

REF:
SCALE: 3/4" = 1'-0"A-703

A-701

5 SECTION DETAIL

REF:
SCALE: 1 1/2" = 1'-0"A-703

A-703

8 SECTION DETAIL
0

1 1/2" = 1'-0"

3" 1'

SCALE:

6" 2'

2 REVISED KEY NOTE #14 - RJH 10/11/17

2



CONSTRUCTION KEY NOTES

1 CAST-IN-PLACE ARCHITECTURAL CONCRETE LANDING, SEE STRUCTURAL 
DRAWING S-503.

LIGHT FIXTURE, TYPICAL.  SEE ELECTRICAL DRAWINGS E-203 AND E-602.

CAST-IN-PLACE ARCHITECTURAL CONCRETE STAIRS WITH BLUESTONE 
TREADS, TYPICAL. REFERENCE STRUCTURAL DRAWING S-503.

MASONRY VENEER TIES AND ANCHORS AT 16" O.C. EACH WAY, TYPICAL.

EMBEDDED MASONRY THROUGH-WALL FLASHING.  FULLY GROUT CAVITY 
BELOW FLASHING, TYPICAL.

WEEPS AT 16" O.C., TYPICAL.

AIR SPACE. PROVIDE CAVITY DRAINAGE MATERIAL AT ALL FLASHING 
LOCATIONS.

MODULAR FACE BRICK, TYPICAL.

1-1/2" DIAMETER STAINLESS STEEL HANDRAIL WITH STAINLESS STEEL TABS, 
TYPICAL. ATTACHED TO PAINTED STEEL CHANNEL / ANGLE WITH TAMPER-
PROOF SCREWS.

1/2" MORTAR JOINT BETWEEN STAIR TREAD AND LANDING, TYPICAL.

1-1/2" x 1-1/2" x 3/16" MINIMUM STEEL TUBE BALUSTER - HIGH PERFORMANCE 
COATING MTL-1, TYPICAL.

RETURN HANDRAIL EXTENSION TO WALL, TYPICAL.

1/4" BETWEEN STAIR TREAD AND CONCRETE WALL, TYPICAL.

1/4" BETWEEN STAIR TREAD AND BRICK WALL, TYPICAL.

CAST-IN-PLACE CONCRETE WALL, SEE STRUCTURAL DRAWINGS.

STEEL BALUSTER TUBE ATTACHED TO STEEL TUBE AND BASE PLATE, 
REFERENCE STRUCTURAL DRAWING S-503.

MODULAR BRICK ROWLOCK WALL CAP, TYPICAL.

1" x 1" STEEL TUBE AND STEEL BASEPLATE - HIGH PERFORMANCE COATING 
MTL-1.  SEE STRUCTURAL DRAWINGS FOR BASEPLATE DETAILS.

1/2" MORTAR BED, TYPICAL.

STEEL CHANNEL C 6 x 10.5 - PAINT PT-1, TYPICAL.

STEEL ANGLE 2" x 2" x 3/8" - PAINT PT-1, TYPICAL.

1/2" MORTAR JOINT, TYPICAL.

1/2" MAXIMUM RADIUS NOSING, TYPICAL.

NON-SLIP INSERT, TYPICAL.

6" x 3-1/2" x 5/16" LLV STEEL ANGLE WITH 5/8" DIAMETER MECHANICAL 
ANCHORS WITH 3-1/8" MINIMUM EMBEDMENT AT 3'-0" MAXIMUM SPACING. 
PROVIDE LONG HORIZONTAL SLOTTED HOLES AT 18" SPACING TO 
ACCOMMODATE CONFLICTS WITH REBAR.

CONTINUOUS STAINLESS STEEL BIKE RUNNEL, TYPICAL ON BOTH SIDES OF 
CENTER HANDRAIL.  PAINT, PT-1. ATTACH AT EACH STEEL BALUSTER.
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SHEET NO.CONTRACT
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DESIGNED BY:

CHECKED BY:

BRIDGE NO. N/A
T201451604NEWARK REGIONAL TRANSPORTATION 

CENTER, STATION BUILDING
168
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0/
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A-704

FAH/RJH

DAK

STAIR DETAILS
970

1 1/2" = 1'-0"

3" 1'

SCALE:

6" 2'

REF:
SCALE: 1 1/2" = 1'-0"A-704

A-701

2 TYPICAL STAIR TREAD / RISER AND LANDING DETAIL

REF:
SCALE: 1 1/2" = 1'-0"A-704

A-701

1 TYPICAL SECTION AT STAIR
REF:
SCALE: 3" = 1'-0"A-704

A-701

3 PLAN DETAIL 0 4" 8"

3" = 1'-0"

2"

SCALE:

REF:
SCALE: 3" = 1'-0"A-704

A-701

4 PLAN DETAIL

REF:
SCALE: 3" = 1'-0"A-704

A-704

5 SECTION DETAIL

SCALE: 3" = 1'-0"A-704
6 PLAN DETAIL

REF:
SCALE: 3" = 1'-0"A-704

A-704

8 SECTION DETAIL

REF:
SCALE: 3" = 1'-0"A-704

A-704

7 SECTION DETAIL

2 REVISED KEY NOTE #26 - RJH 10/11/17
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500 KVA XFMR

410 KW / 513 KVA
GENERATOR 

800A AUTOMATIC 
TRANSFER SWITCH

UTILITY METER 
(MTD. ON 

STEEL 
CHANNEL)

CT CABINET (MTD ON 
STEEL CHANNEL )

1
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5
4

EXISTING CITY OF 
NEWARK

ELECTRIC POLE #32B47

A-A

B-BB-B

B-B
B-B

6

24
" M

IN
.

FINISHED GRADE

(2) 4" PVC-COATED
RGS CONDUITS

(1-ACTIVE, 1-SPARE)

BACKFILL

WARNING TAPE 12"
WIDE

3000 PSI CONCRETE
4" COVER, ALL AROUND

12"

SCHEDULE 80

24
" M

IN
.

FINISHED GRADE

(2) 4" PVC-COATED
RGS CONDUITS

(2-ACTIVE)

BACKFILL

WARNING TAPE 12"
WIDE

3000 PSI CONCRETE
4" COVER, ALL AROUND

12"

NEW CASTLE

ADDENDUMS / REVISIONS

DELAWARE
DEPARTMENT OF TRANSPORTATION TOTAL SHTS.

SHEET NO.CONTRACT

COUNTY
DESIGNED BY:

CHECKED BY:

BRIDGE NO. N/A
T201451604NEWARK REGIONAL TRANSPORTATION 

CENTER, STATION BUILDING
168

10
/1

0/
20

17
 4

:2
2:

07
 P

M

E-002

JP

MKA

POWER SITE PLAN
135

SCALE: 1" = 20'-0"E-002
1 POWER SITE PLAN

0 20' 40'

1" = 20'-0"

10'

SCALE:

1.  SEE PLATFORM DWGS FOR PLATFORM FOUNDATIONS AND PRECAST CONCRETE PANEL LAYOUT.

2.  REFER TO DRAWING E-001 FOR GENERAL NOTES, ABBREVIATIONS AND SYMBOLS.

3.  REFER TO DRAWING E-501 FOR SINGLE LINE DIAGRAM.

GENERAL SHEET NOTES

1 (2) 4" CONDUITS PROVIDED BY ELECTRICAL CONTRACTOR. CONDUCTORS BY UTILITY COMAPANY. COORDINATE UTILITY 
REQUIRMENTS WITH UTILITY COMPANY PRIOR TO INSTALLATION.

(2) 4" CONDUIT FROM 500kVA TRANSFORMER TO CT CABINET.

(2) 4" CONDUIT FROM CT CABINET TO ATS.

(2) 4" CONDUIT FROM GENERATOR TO ATS.

(2) 4" CONDUIT FROM ATS TO 'MDP' LOCATED IN ELECTRIC ROOM 108.

'MDP' LOCATED IN ELECTRIC ROOM 108.

'MMP' LOCATED IN ELECTRIC ROOM 108.

3/4" CONDUIT, 3#10, 1#10 GROUND, FROM 'MMP' TO QUAZITE PULL BOX.

QUAZITE PULL BOX FOR INTERCONNECTION TO SEWAGE EJECTOR PUMP.

2

3

4

KEYED NOTES

5

SCALE: NOT TO SCALE
REF:

E-002
2 DUCTBANK A-A

SCALE: NOT TO SCALE
REF:

E-002
3 DUCTBANK B-B

6

7

8
7

9 9
8

2

2

SCHEDULE 80

2 REVISED CONDUIT TYPE - MCT/AAS 10-11-17
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SHEET NO.CONTRACT

COUNTY
DESIGNED BY:

CHECKED BY:

BRIDGE NO. N/A
T201451604NEWARK REGIONAL TRANSPORTATION 

CENTER, STATION BUILDING
168
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0/
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JP

MKA

STATION BUILDING LOWER
LEVEL POWER PLAN

137

SCALE: 1/8" = 1'-0"E-101
12 STATION BUILDING LOWER LEVEL POWER PLAN

0 16'8'4'

1/8" = 1'-0"SCALE:

1.  REFER TO DRAWING E-001 FOR GENERAL NOTES, ABBREVIATIONS AND SYMBOLS.

2.  REFER TO DRAWING E-501 FOR SINGLE LINE DIAGRAM. 

3.  REFER TO DRAWING E-601 FOR PANEL SCHEDULE.

4.  ALL CIRCUITRY SHALL BE 2 #12, 1 #12 GND., IN 3/4" EMT CONDUIT MINIMUM UNLESS OTHERWISE  NOTED.
                                                                                                RIGID

GENERAL SHEET NOTES
1 NEMA L5-30R RECEPTACLE MOUNTED ON SIDE OF CABLE TRAY ABOVE DATA RACK, FOR UPS.

GFCI QUAD RECEPTACLE LOCATED 4' ABOVE FINISHED FLOOR ELEVATOR PIT.

CEILING MOUNTED JUNCTION BOX FOR CONNECTION TO DAKTRONICS LCD SCREEN.

PROVIDE A GFCI DUPLEX RECEPTACLE WITH LOCKABLE COVER AT THIS LOCATION.

PROVIDE DUPLEX RECEPTACLE LOCATED 4' ABOVE FINISHED FLOOR. COORDINATE EXACT LOCATIONS WITH ARCHITECT TO 
ENSURE RECEPTACLES ARE ACCESSIBLE BEHIND SEATS.

JUNCTION BOX FOR CONNECTION TO HAND DRYER.

PROVIDE CONNECTION TO MOTORIZED SHADES. COORDINATE EXACT QUANTITY AND LOCATION OF CONNECTION POINTS WITH 
APPROVED MOTORIZED SHADE SHOP DRAWING.

PROVIDE MOTORIZED SHADE CONTROL SWITCH IN COMMON FACEPLATE WITH ROOM LIGHTING CONTROL SWITCH. MAKE ALL 
FINAL CONNECTIONS AS REQUIRED TO MOTORIZED SHADES PER MANUFACTURER'S INSTRUCTIONS.

KEYED NOTES

1
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3
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JP

MKA

STATION BUILDING
CONCOURSE POWER PLAN
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REF:
SCALE: 1/8" = 1'-0"E-102

1 STATION BUILDING CONCOURSE POWER PLAN

0 16'8'4'

1/8" = 1'-0"SCALE:

1.  SEE PLATFORM DWGS FOR PLATFORM FOUNDATIONS AND PRECAST CONCRETE PANEL LAYOUT.

2.  SEE TRACK DWGS FOR TRACK LAYOUT AND ASSOCIATED WORK.

3.  REFER TO DRAWING E-001 FOR GENERAL NOTES, ABBREVIATIONS AND SYMBOLS.

4.  REFER TO DRAWING E-601 FOR PANEL SCHEDULE.

5.  ALL CIRCUITRY SHALL BE 2 #12, 1 #12 GND., IN 3/4" EMT CONDUIT MINIMUM UNLESS OTHERWISE NOTED.
                                                                                                RIGID                                                                                            

GENERAL SHEET NOTES
1 PROVIDE A GFCI RECEPTACLE WITH LOCKABLE COVER AT THIS LOCATION.

PROVIDE A GFCI RECEPTACLE LOCATED IN ELEVATOR SHAFT 10' ABOVE FINISHED FLOOR OF CONCOURSE LEVEL.

KEYED NOTES

2

11

2

2
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STATION BUILDING
IN-FLOOR LIGHTING PLAN

139

REF:
SCALE: 1/8" = 1'-0"E-201

1 STATION BUILDING IN-FLOOR LIGHTING PLAN

1.  REFER TO DRAWING E-001 FOR GENERAL NOTES, ABBREVIATIONS AND SYMBOLS.

2.  REFER TO DRAWING E-602 FOR LUMINAIRE SCHEDULE.

3.  REFER TO DRAWING E-601 FOR PANEL SCHEDULE.

4.  ALL CIRCUITRY SHALL BE 2 #10, 1 #10 GND., IN 3/4" EMT CONDUIT UNLESS OTHERWISE NOTED.
                                                                                                 RIGID  

GENERAL SHEET NOTES
1 TYPE 'G' LIGHT FIXTURE LOCATED 4' ABOVE FINISHED FLOOR IN ELEVATOR PIT.

KEYED NOTES

1

0 16'8'4'

1/8" = 1'-0"SCALE:

2

2 REVISED CONDUIT TYPE - MCT/AAS 10-11-17
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STATION BUILDING
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REF:
SCALE: 1/8" = 1'-0"E-202

1 STATION BUILDING LIGHTING PLAN

0 16'8'4'

1/8" = 1'-0"SCALE:

1.  REFER TO DRAWING E-001 FOR GENERAL NOTES, ABBREVIATIONS AND SYMBOLS.

2.  REFER TO DRAWING E-603 FOR LUMINAIRE SCHEDULE.

3.  REFER TO DRAWING E-601 FOR PANEL SCHEDULE.

4.  ALL TYPE 'X' EXIT SIGNS SHALL BE INTERCONNECTED TO LIGHTING CIRCUIT AHEAD OF LOCAL SWITCH SERVING AREA WHICH THEY ARE LOCATED IN. 

5.  ALL CIRCUITRY SHALL BE 2 #10, 1 #10 GND., IN 3/4" EMT CONDUIT UNLESS OTHERWISE NOTED.
                                                                                                RIGID
6.  FURNISH AND INSTALL THE ALUMINUM STRUCTURE TO SUPPORT LIGHT FIXTURES TYPE EE AND EF. REFER TO DRAWING S-513 FOR DETAILS.

GENERAL SHEET NOTES

1 PROVIDE TWO (2) 350W CENTRAL  EMERGENCY POWER SYSTEM BATTERY INVERTERS, UL924 LISTED, LVS CATALOG 
#CEPS-350-277V. CONNECT TO PANEL LP, CIRCUIT 10.

EMERGENCY EGRESS LIGHT FIXTURE. CONNECT TO CENTRAL EMEGENCY POWER SYSTEM. MAXIMUM LOAD PER EACH INVERTER 
IS 350W.

PROVIDE CONTROL SWITCH FOR LIGHTING CONTROL PANEL. PROVIDE CONNECTION TO RELAY FOR TIMECLOCK OVERRIDE. 

KEYED NOTES

2

32
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STATION BUILDING STAIR
LIGHTING

141

REF:
SCALE: 1/8" = 1'-0"E-203

1 LIGHTING STATION BUILDING STAIR PLAN

REF:
SCALE: 1/8" = 1'-0"E-203

E-102

2 LIGHTING STAIR ELEVATION NORTH
REF:
SCALE: 1/8" = 1'-0"E-203

E-102

3 LIGHTING STAIR ELEVATION SOUTH

0 16'8'4'

1/8" = 1'-0"SCALE:

1.  REFER TO DRAWING E-001 FOR GENERAL NOTES, ABBREVIATIONS AND SYMBOLS.

2.  REFER TO DRAWING E-602 FOR LUMINAIRE SCHEDULE.

3.  REFER TO DRAWING E-601 FOR PANEL SCHEDULE.

4.  ALL TYPE 'X' EXIT SIGNS SHALL BE INTERCONNECTED TO LIGHTING CIRCUIT AHEAD OF LOCAL SWITCH SERVING AREA WHICH THEY ARE LOCATED IN.

5.  ALL CIRCUITRY SHALL BE 2 #10, 1 #10 GND., IN 3/4" EMT CONDUIT UNLESS OTHERWISE NOTED.
                                                                                                RIGID
6.  FURNISH AND INSTALL THE ALUMINUM STRUCTURE TO SUPPORT LIGHT FIXTURES TYPE EE AND EF. REFER TO DRAWING S-513 FOR DETAILS.

GENERAL SHEET NOTES
1 EMERGENCY EGRESS LIGHT FIXTURE. CONNECT TO CENTRAL EMEGENCY POWER SYSTEM. MAXIMUM LOAD PER EACH INVERTER 

IS 350W.

KEYED NOTES

2

2 REVISED CONDUIT TYPE - MCT/AAS 10-11-17
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REF:
SCALE: 1/8" = 1'-0"E-204

1 STATION BUILDING CONCOURSE LIGHTING PLAN

0 16'8'4'

1/8" = 1'-0"SCALE:

1.  REFER TO DRAWING E-001 FOR GENERAL NOTES, ABBREVIATIONS AND SYMBOLS.

2.  REFER TO DRAWING E-602 FOR LUMINAIRE SCHEDULE.

3.  REFER TO DRAWING E-601 FOR PANEL SCHEDULE.

4.  ALL TYPE 'X' EXIT SIGNS SHALL BE INTERCONNECTED TO LIGHTING CIRCUIT AHEAD OF LOCAL SWITCH SERVING AREA WHICH THEY ARE LOCATED IN. 

5.  ALL CIRCUITRY SHALL BE 2 #10, 1 #10 GND., IN 3/4" EMT CONDUIT UNLESS OTHERWISE NOTED.
                                                                                                RIGID
6.  FURNISH AND INSTALL THE ALUMINUM STRUCTURE TO SUPPORT LIGHT FIXTURES TYPE EE AND EF. REFER TO DRAWING S-513 FOR DETAILS

GENERAL SHEET NOTES
1 TYPE 'G' LIGHT FIXTURE LOCATED 10' ABOVE CONCOURSE LEVEL FINISHED FLOOR.

EMERGENCY EGRESS LIGHT FIXTURE. CONNECT TO CENTRAL EMEGENCY POWER SYSTEM. MAXIMUM LOAD PER EACH INVERTER IS 
350W.

KEYED NOTES

1

2
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REF:
SCALE: 1/8" = 1'-0"E-301

1 MECHANICAL CONNNECTIONS STATION BUILDING LOWER LEVEL

0 16'8'4'

1/8" = 1'-0"SCALE:

REFER TO DRAWING E-001 FOR GENERAL NOTES, ABBREVIATIONS AND SYMBOLS.

COORDINATE MECHANICAL REQUIRMENTS WITH SHOP DRAWINGS PRIOR TO COMMENCING ANY WORK.

ALL MECHANICAL EQUIPMENT SHALL BE SUPPLIED WITH VENDORS DISCONNECTING MEANS UNLESS SHOWN ON 
DRAWING.

ALL CIRCUITRY SHALL BE 2 #10, 1 #10 GND., IN 3/4" EMT CONDUIT UNLESS OTHERWISE NOTED.
                                                                                           RIGID
EC SHALL COORDINATE WITH ELEVATOR CONTRACTOR & ELEVATOR MANUFACTURER FOR EXACT REQUIREMENTS & 
MAKE ADJUSTMENTS AS REQUIRED.

THE FEEDER & BRANCH CIRCUIT OCPD SHALL BE SELECTED TO MEET THE REQUIREMENTS OF 620.62 (SELECTIVE 
COORDINATION).

THERE SHALL BE BRANCH CIRCUITS INSTALLED PER THE REQUIREMENTS OF 620.22, 620.23, 620.24 & 620.53.

THE ENTIRE ELEVATOR INSTALLATION MUST MEET THE REQUIREMENTS OF NEC ARTICLE 620.

GENERAL SHEET NOTES
1 TEIR 22 POLYMER CONCRETE PULL BOX FOR CONNECTION TO SEWAGE EJECTOR PUMP. QUAZITE BOX ASSEMBLY #PG1118D18, WITH 2-BOLT COVER #PG1118HH00017, OR APPROVED EQUAL.

PROVIDE A 20A/1P MOTOR RATED TOGGLE SWITCH FOR DISCONNECTING MEANS TO FIRE PROTECTION AIR COMPRESSOR. COORDINATE LOCATION IN FIELD.

JUNCTION BOX FOR INTERCONNECTION TO ELEVATOR CONTROL PANEL.

150A/3P ELEVATOR DISCONNECT SWITCH. THE DISCONNECTING MEANS SHALL MEET THE REQUIREMENTS OF 620.51 & COORDINATE WITH THE BUILDING FIRE ALARM SYSTEM AS REQUIRED. 
PROVIDE COOPER BUSSMAN POWER MODULE WITH SHUNT TRIP FUSIBLE SWITCH OR APPROVED EQUAL.

30A/1P ELEVATOR CAB LIGHT DISCONNECT SWITCH.

CIRCUITRY SHALL BE 3 #10, 1 #10 GND., IN 3/4" PVC COATED RGS CONDUIT.
                                                                             2" SCHEDULE 80 ENCASED IN CONCRETE. SIMILAR TO E.002 DETAIL 2-E002.
CIRCUITRY SHALL BE 3 #10, 1 #10 GND., IN 3/4" EMT CONDUIT.
                                                                                   RIGID
CIRCUITRY SHALL BE 3 #1/0, 1 #6 GND., IN 1-1/2" EMT CONDUIT.
                                                                                     RIGID
CIRCUITRY SHALL BE 3#6, 1#10GND., IN 1" EMT CONDUIT.
                                                                           RIGID

KEYED NOTES
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FEEDER SCHEDULE

QUANTITY
OF SETS

FEEDER
NUMBER

QUANTITY
OF

CONDUCTOR
S

CONDUIT
TRADE 

SIZE

600 VOLT
COPPER

CONDUCTOR
SIZE

1 3 4" PVC

2 4 4" PVC

NOTES

600 VOLT
COPPER GROUND

CONDUCTOR
SIZE

-

-

(CONDUCTORS BY UTIILITY COMPANY)
#2 (15KV RATED)

#350 kCMIL

PROVIDE A SPARE 4" CONDUIT (CAPPED)

2 4 4" PVC#2/0#350 kCMIL CONCRETE ENCASED CONDUITS

1 4 2" EMT #6#3/0 -

1 3 1" EMT#8#4 -

1 4 1-1/2" EMT #6#1 -

1 4 #8#1 -

1 - 2" EMT--
SPARE CONDUIT CAPPED FOR

FUTURE FEEDER TO PLATFORM

500KVA OIL FILLED XFMR 
(BY UTILITY COMPANY),
PRIMARY: 12.4KV
SECONDARY: 480/277V
5.75% Z

12.4KV
SERVICE

'MDP' 800A RATED, 480/277V, 3PH, 4W, 42KAIC

EXTERIOR
INTERIOR

EXTERIOR
INTERIOR

1

1

3

5

6

8

#2/0

7

CURRENT
TRANSFORMER
CABINET

UTILITY
METER

410KW/513kVA, 
480/277V-3PH-4W-60Hz
GENERATOR, DIESEL FUEL, WITH 
SOUND-ANTENUATING ENCLOSURE, 
CRITICAL GRADE MUFFLER

N E

L

2

3

600A, 480/277V-3PH, 4-POLE NEMA-3R -
42KAIC 
SERVICE ENTRANCE RATED
AUTOMATIC TRANSFER SWITCH
100% RATED

3

'MMP'
200A RATED
200A MCB,
3Ø, 4W,
480/277V

'LP'

100A MCB,
3Ø, 4W,
480/277V

4 7

#2/0

8

'T-MRP'
45KVA XFMR
PRIMARY: 480V
SECONDARY: 208/120V
5.75% Z

'MRP'

200A RATED,
125A MCB,
3Ø, 4W,
208/120V

6

#6

5

4

2

2M

600A /3P

200A /3P 100A /3P 200A /3P

600A /3P

CAP CONDUIT
IN MECHANICAL

ROOM FOR FUTURE
FEED TO PLATFORM

#2/0 TO GROUND LOOP

CONCRETE ENCASED CONDUITS

CONCRETE ENCASED CONDUITS

1-1/2" EMT 

100A RATED

9

45A /3P

1 3 1" EMT#10#89 -

ELEVATOR

FUSED ELEVATOR DISCONNECT 
SWITCH WITH INTERGRAL SHUNT 
TRIP 480-120V CONTROL POWER 
TRANSFORMER, KEY TO TEST 
SWITCH AND PILOT LIGHT "ON". 
CONNECT TO FIRE ALARM 
SYSTEM FOR AUTOMATIC 
SHUTDOWN ON ACTIVATION OF 
SPRINKLER IN SHAFT OR 
MACHINE ROOM: 100A FRAME, 
FUSED PER MANUFACTURES 
RECOMENDATIONS. EATON "ES" 
SERIES OR APPROVED EQUAL.

2

2

2

2

2
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1 ELECTRICAL SINGLE LINE DIAGRAM
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 Contract #T201451604 
 

TOC - 1 

TABLE OF CONTENTS 

DIVISION 01 – GENERAL REQUIREMENTS 
 
Division 100 General Provisions of the Delaware Department of Transportation “Standard 
Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard 
Construction Details” dated 2004 2016, including all revisions up to the date of advertisement, apply 
to this section. 

011000 
014000 
014350 
014530 

SUMMARY 
QUALITY REQUIREMENTS 
SPECIAL INSPECTION SERVICES 

DIVISION 03 – CONCRETE 
033000           CAST-IN-PLACE CONCRETE 
033300 ARCHITECTURAL CONCRETE 

DIVISION 04 - MASONRY 
042000 UNIT MASONRY 

DIVISION 05 - METALS 
051200 
051213 
053100 

STRUCTURAL STEEL FRAMING 
ARCHITECTURALLY EXPOSED STRUCTURAL STEEL FRAMING 
STEEL DECKING 

054000 
055000 

COLD-FORMED METAL FRAMING 
METAL FABRICATIONS 

055213 PIPE AND TUBE RAILINGS 

DIVISION 06 - WOOD, PLASTICS, AND COMPOSITES 
061053 MISCELLANEOUS ROUGH CARPENTRY 
061600 SHEATHING 
062023 INTERIOR FINISH CARPENTRY 
064116 PLASTIC-LAMINATE-FACED ARCHITECTURAL CABINETS 

DIVISION 07 - THERMAL AND MOISTURE PROTECTION 
071416 COLD FLUID-APPLIED WATERPROOFING 
072100 THERMAL INSULATION 
072726 FLUID-APPLIED MEMBRANE AIR BARRIERS 
074213.19 INSULATED METAL WALL PANELS 
074213.23 METAL COMPOSITE MATERIAL WALL PANELS 
076200 SHEET METAL FLASHING AND TRIM 
077273 VEGETATED ROOF SYSTEMS 
079200 JOINT SEALANTS 

DIVISION 08 - OPENINGS 
081113 HOLLOW METAL DOORS AND FRAMES 
084113 ALUMINUM FRAMED ENTRANCES AND STOREFRONTS 
084413 GLAZED ALUMINUM CURTAIN WALLS 
087100 DOOR HARDWARE 
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088000 GLAZING 
088853 SECURITY GLAZING 
089119 FIXED LOUVERS 

DIVISION 09 - FINISHES 
092216 NON-STRUCTURAL METAL FRAMING 
092900 GYPSUM BOARD 
093013 CERAMIC TILING 
095113 ACOUSTICAL PANEL CEILINGS 
096340 STONE FLOORING 
096513 RESILIENT BASE AND ACCESSORIES 
096813 TILE CARPETING 
097200 WALL COVERINGS 
099113 EXTERIOR PAINTING 
099123 INTERIOR PAINTING 
099600 HIGH-PERFORMANCE COATINGS 

DIVISION 10 - SPECIALTIES 
101423 PANEL SIGNAGE 
102800 TOILET, BATH, AND LAUNDRY ACCESSORIES 
104416 FIRE EXTINGUISHERS 

DIVISION 12 - FURNISHINGS 
122413 ROLLER WINDOW SHADES 
129300 SITE FURNISHINGS 

DIVISION 14 - CONVEYING EQUIPMENT 
142123.16 MACHINE-ROOM-LESS ELECTRIC TRACTION PASSENGER ELEVATORS 
  
DIVISION 21 - FIRE PROTECTION  
210517 SLEEVES AND SLEEVE SEALS FOR FIRE-SUPPRESSION PIPING 
210518 ESCUTCHEONS FOR FIRE-SUPPRESSION PIPING 
210523 GENERAL-DUTY VALVES FOR WATER-BASED FIRE-SUPPRESSION PIPING 
210548 VIBRATION AND SIESMIC CONTROLS FOR FIRE-SUPPRESSION PIPING AND 

EQUIPMENT 
210553 IDENTIFICATION FOR FIRE-SUPPRESSION PIPING AND EQUIPMENT 
211119 FIRE DEPARTMENT CONNECTIONS 
211200 FIRE-SUPPRESSION STANDPIPES  
211316 DRY PIPE SPRINKLER SYSTEMS 
  
DIVISION 22 - PLUMBING  
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SECTION 011000 - SUMMARY 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Division 100 General Provisions of the Delaware Department of Transportation “Standard 
Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard 
Construction Details” dated 2001 2016, including all revisions up to the date of advertisement, 
apply to this section. 

1.2 SUMMARY 

A. Section Includes: 

1. Project information. 
2. Work covered by Contract Documents. 
3. Work under separate contracts. 
4. Access to site. 
5. Work restrictions. 
6. Specification and Drawing conventions. 

B. Related Requirements: 

1. Section 015000 "Temporary Facilities and Controls" for limitations and procedures 
governing temporary use of Owner's facilities. 

1.3 PROJECT INFORMATION 

A. Project Identification: Newark Regional Transportation Center, Station Building 

1. Project Location: Newark, DE. 

B. Owner: Delaware Transportation Corporation. 

1. Owner's Representative:  Mr. Mark C. Tudor, P.E. 
       Delaware  Department  of  Transportation  
       Assistant Director North Project Development 

C. Architect:  

1. Whitman Requardt Associates, LLP 801 South Caroline Street, Baltimore, Maryland 
21231. 

D. Architect's Consultants: Architect has retained the following design professionals who have 
prepared designated portions of the Contract Documents: 

1. Arora Engineers, Inc., 61 Wilmington-West Chester Pike, Suite 100, Chadds Ford, PA. 
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Bridge, which will be affected by construction operations throughout construction period. 
Repair damage caused by construction operations. 

1.7 WORK RESTRICTIONS 

A. Work Restrictions, General: Comply with restrictions on construction operations. 

1. Comply  with  limitations  on  use  of  public  streets  and  with  other  requirements  of  
authorities having jurisdiction. 

B. On-Site Work Hours: Limit work in the existing building to normal business working hours of 
6:00 a.m. to 6:00 p.m., Monday through Friday, unless otherwise indicated. 

C. Existing Utility Interruptions: Do not interrupt utilities serving facilities occupied by Owner or 
others unless permitted under the following conditions and then only after providing temporary 
utility services according to requirements indicated: 

1. Notify Owner and City of Newark not less than two days in advance of proposed utility 
interruptions. 

2. Obtain Owner's written permission before proceeding with utility interruptions. 

D. Noise, Vibration, and Odors: Coordinate operations that may result in high levels of noise and 
vibration, odors, or other disruption to Owner occupancy with Owner. 

1. Notify Owner and City of Newark not less than two days in advance of proposed utility 
interruptions. 

2. Obtain Owner's written permission before proceeding with utility interruptions. 

E. Restricted Substances: Use of tobacco products and other controlled substances within any 
building on Project site is not permitted. 

1.8 SPECIFICATION AND DRAWING CONVENTIONS 

A. Specification Content: The Specifications use certain conventions for the style of language and 
the intended meaning of certain terms, words, and phrases when used in particular situations. 
These conventions are as follows: 

1. Imperative mood and streamlined language are generally used in the Specifications. The 
words "shall,"  "shall  be,"  or  "shall  comply with,"  depending on the context,  are  implied 
where a colon (:) is used within a sentence or phrase. 

2. Specification requirements are to be performed by Contractor unless specifically stated 
otherwise. 

B. Division 01 General Requirements: Requirements of Sections in Division 01 apply to the Work 
of all Sections in the Specifications. 

C. Drawing Coordination: Requirements for materials and products identified on Drawings are 
described in detail in the Specifications. One or more of the following are used on Drawings to 
identify materials and products: 
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a. 29 CFR 1910, Department of Labor, Occupational Safety and 
Health Administration (OSHA), Part 1910 Occupational Safety and 
Health Standards. 

b. 29 CFR 1926, Department of Labor, Occupational Safety and 
Health Administration (OSHA), Part 1926 Safety and Health 
Regulations for Construction. 

2. United States Code (USC): 
a. 49 USC 601, Department of Transportation, Pipelines, Safety. 

1) Amendment of Title 49, United States Code (H.R. 5782), 
Pipeline Inspection, Protection, Enforcement, and Safety 
Act of 2006. 

3. Federal Transit Administration (FTA): 
a. FTA IT-90-5001-02.1, Quality Assurance and Quality Control 

Guidelines. 
 

1.3 PERFORMANCE REQUIREMENTS 
 

A. Quality Control (QC) Program: 
1. The Contractor is responsible for all quality control for this Contract, with 

the exception of those tests or inspections specifically identified as being 
performed by others. 

2. Omissions and errors in the Contract Document descriptions do not relieve 
the Contractor of his responsibility to perform the tests/inspections 
required within the scope of this Contract. 

3. Inspections and tests performed by the Engineer are for the Owner’s 
Quality Assurance and do not relieve the Contractor from the responsibility 
of meeting the specified requirements. 
a. Inspections and tests performed by the Engineer are not to be 

considered a guarantee for acceptance of materials that will be 
delivered subsequent to the time the items were inspected or tested. 

 
B. Quality Assurance (QA) Program: 

1. Before starting the other Work of this Contract, develop and implement an 
approved Contractor’s Quality Assurance Plan (CQAP) for this Contract 
that incorporates the requirements of the Federal Transportation 
Administration’s 15 quality elements as described in FTA IT-90-5001-02.1, 
referred to as the FTA Guidelines, and the additional requirements in this 
Contract’s Specifications. 
a. The CQAP must include the specified requirements of all 15 quality 

elements listed in the FTA Guidelines. 
b. Submit the Contractor’s Quality Assurance Plan (CQAP) to the 

Engineer for approval. 
 

C. Contractor Quality Assurance Plan (CQAP): 
1. Management Responsibility: 

a. Define your organizations quality policy in the CQAP. 
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1) Provide a statement that shows your organization’s 
commitment to the quality policy extends to the highest 
level. 
a) Your organization’s management must declare and 

document its commitment to quality within a Quality 
Policy Statement to be included at the beginning of 
the CQAP. 

2) In the CQAP, show how your quality policy extends to all 
levels of your organization. 

b. Within 15 days of the Notice to Proceed, submit to the Engineer a 
list that identifies all of the Contractor’s principal staff assignments 
and consultants, and that lists their addresses and other contact 
information. 

c. Contactor’s Principal Construction Staff: 
1) Contractor’s Superintendent: 

a) Employ a superintendent with the qualifications 
specified in Subparagraph 1.05.A.2 and who is 
empowered to represent and to act for the 
Contractor. 

2) Contractor’s Safety Representative: 
a) Designate a member of the Contactor’s full-time on- 

site construction staff who has the qualifications 
specified in Subparagraph 1.05.A.4 to be the 
Contractor’s Safety Representative, and submit his 
or her resume showing his or her qualifications and 
experience to the Engineer for approval. 

b) Empower the Contractor’s Safety Representative 
with the responsibility for supervising the safety of 
persons on or about the Work and the property 
affected by these persons as stipulated in Contract 
Documents; and direct the Contractor’s Safety 
Representative to report and submit required 
paperwork relating to on-the-job injuries to the 
Engineer within 24 hours of the incident causing the 
injury. 

c) The Contractor may not replace the approved 
Contractor’s Safety Representative without written 
permission from the Engineer. 

d. Quality Assurance and Control Personnel: 
1) Identify those persons responsible for the quality assurance 

and control functions in the CQAP; and define in writing the 
responsibility, authority, and interrelation of those persons. 
a) Include an Organization Chart detailing the quality 

assurance and control organization and reporting 
responsibilities. 
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b) Identify a Contractor Quality Assurance Manager, 
and show that his position is independent of the 
Contractor’s construction staff. 

c) Show the Contractor Quality Assurance Manager’s 
staff, and clear lines of authority and responsibility 
for quality management. 

2) Place the Quality Assurance Manager and other assigned 
quality assurance personnel on the Contractor’s direct 
payroll, but do not assign them to any other positions under 
this Contract. 
a) Have the Quality Assurance Manager report directly 

to the highest level of the Contractor’s management, 
such as the corporate principal or corporate quality 
assurance manager, and not to any project level 
manager. 
(1) Set up the Contractor Quality Assurance 

Manager position to be independent of the 
Contract’s construction staff. 

3) Contractor Quality Assurance Manager: 
a) Employ a Contractor Quality Assurance Manager 

with the qualifications specified in Subparagraph 
1.05.A.3 and empowered with full authority and 
responsibility to represent and act for the Contractor 
on all quality related matters for this Contract. 
(1) Give the Quality Assurance Manager the 

authority and responsibility for ensuring that 
the quality policy is communicated, 
implemented, and maintained. 

(2) At all times that any work is in progress, 
insure that the Quality Assurance Manager, 
or his designated substitute, is on the Site 
and available. 

(3) Delegate responsibility for coordinating 
inspections and testing to be performed by 
the Testing and Inspecting Agencies to the 
Quality Assurance Manager, and empower 
the Quality Assurance Manager with the 
authority to stop further construction of non- 
conforming Work pending completion of 
required corrective action. 

4) Quality Control Inspectors and Test Personnel: 
a) Employ, at a minimum, one qualified full-time 

Quality Control inspector to be on-site during the 
installation and testing phase of the Contract. 
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b) Assign or designate additional Contractor Quality 
Control personnel to perform inspections and test 
the Work as required. 

c) Submit resumes showing the names, qualifications, 
and experience of all quality control personnel that 
are assigned to the Quality Control Manager to the 
Engineer for approval. 

5) Do not remove any Contractor quality assurance personnel 
from their duties on this Contract without prior written 
notice to the Engineer. 
a) If the Contractor plans to remove or replace the 

Quality Assurance Manager or other key quality 
control personnel identified on the organization 
chart, the Contractor must notify the Engineer in 
writing before replacing these personnel. 

b) Submit the resumes of replacements for the Quality 
Assurance Manager and other key quality control 
personnel showing their qualifications to the 
Engineer for approval. 

2. Documented Quality Management System: 
a. Establish and document a quality management system within the 

Contractor Quality Assurance Plan (CQAP) to ensure that Contract 
quality objectives are satisfied, and maintain the quality management 
system during the life of the Contract. 
1) Develop, implement, and maintain a quality management 

system consistent with the requirements of this Section; and 
FTA-IT-90-5001-02.1 to assure that the equipment and 
materials provided conform to the applicable requirements 
of every Section of the Contract Specifications. 

2) Provide a quality management system to assure accuracy 
and consistency in production, installation, and construction 
processes by providing documented work instructions 
where needed to ensure quality. 

3) Do not begin Work covered by the Contractor’s Quality 
Assurance Plan (CQAP) until the Engineer reviews and 
approves the plan. 

4) Extend the quality management system requirements to 
Suppliers and Subcontractors as appropriate. 

b. Establish, implement, and maintain a Quality Procedure 
Development Plan (QPDP) to develop procedures and instructions 
for implementing the Contractor’s Quality Assurance Plan (CQAP). 
1) Develop written procedures and instructions for activities 

affecting quality in design, procurement, manufacturing, and 
construction activities as applicable to the Work being 
performed under this Contract. 
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a) Each procedure must contain a statement giving its 
purpose, scope, applicability, and assigned 
responsibilities. 
(1) Assign specific responsibilities, and clearly 

delineate individual job authorities and 
responsibilities. 

b) Describe sequential processes to be followed to 
accomplish quality objectives; and contain references 
to codes, standards, specifications, and related or 
interfacing procedures. 
(1) Prescribe inspection and testing techniques 

with written procedures, and keep them up- 
to-date. 

(2) If new inspection or testing techniques are 
being used for construction or 
manufacturing, allow adequate time to 
develop appropriate quality procedures for 
the new techniques. 

(3) Include formats for the quality records 
needed to ensure that the procedures and 
instructions are followed and that 
documentation requirements are understood. 

c) In developing the quality procedures, give 
consideration to identifying and acquiring any 
inspection equipment, skills, or special quality 
processes needed to ensure quality performance. 

2) Include an index of all procedures and instructions to 
provide a comprehensive account of the quality controls 
that are required to implement the Contractor Quality 
Assurance Plan (CQAP). 

c. Daily Quality Management Reports: 
1) Prepare Daily Quality Management Reports for each day 

any Work is performed and which at a minimum identify 
material deliveries, Work accomplished, tests conducted, 
results of inspection and tests, nonconforming work and its 
disposition, causes of nonconforming work, and corrective 
actions taken to prevent the recurrence of similar 
nonconforming work. 

2) Submit the Daily Quality Management Reports to the 
Engineer for review on a daily basis. 

d. Certification of Payment Requests: 
1) Submit each Application for Payments in accordance with 

the requirements of Division 100 General Provisions. 
e. Certification of Completion of the Work: 
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1) When all obligations under the Contract have been fulfilled, 
submit written notice to the Engineer in accordance with the 
requirements of Division 100 General Provisions. 

3. Design Control: 
a. Establish appropriate written procedures within the Contractor’s 

Quality Assurance Plan (CQAP) for identifying, documenting, and 
reviewing and approving all changes and modifications to the 
original design. 
1) Establish and maintain procedures to control and verify the 

design of systems in order to ensure that the design criteria, 
other specified requirements, and requirements of the 
relevant regulatory agencies are met. 

2) Extend this responsibility to those responsible for 
developing “as-built” documents as part of the design 
documentation at the end of the Contract, and to 
construction or manufacturing to ensure compliance with 
the design requirements. 

b. Plan the design interfaces and design verification activities to ensure 
that the design requirements are understood, and control design 
changes through Contract completion. 
1) Prepare a Design Plan that identifies the individuals 

responsible for different design parts and who has the 
responsibility to assure the quality of the design. 
a) Identify, document, and review design input 

requirements; and have the requirements reviewed 
by the designer and those responsible for developing 
the requirements. 

b) Assign competent individuals to verify the quality of 
the design. 

2) Verify and document that the design output complies with 
the design input requirements. 
a) Design output includes acceptance criteria, 

conformance to regulatory requirements whether or 
not these have been stated in the design output 
requirements, and identifying those aspects of the 
design that are crucial to the safe and proper 
functioning of the final product or system. 

b) Identify the various organizational interfaces 
required between various groups producing and 
commenting on the design, and specify the 
information to be documented, transmitted, and 
regularly reviewed. 

c) Perform the following design verification activities, 
as appropriate: 
(1) Alternative calculations. 
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(2) Independent checks of design calculations, 
specifications, drawings, and Contract 
Documents. 

(3) Conducting and documenting design 
reviews. 

(4) Undertaking qualification tests and 
demonstrations. 

(5) Comparing the design with similar proven 
designs, if available. 

(6) Design reviews for constructability, 
operability, and maintainability. 

3) Specify within the Design Plan how the operating and 
maintenance departments of the Owner would interface with 
those producing the design. 

4. Document Control: 
a. Establish and maintain written procedures for the control of 

Contract documents, and record these procedures within the 
Contractor’s Quality Assurance Plan (CQAP). 
1) Develop document control procedures that provide controls 

for the drawings, specifications, Contract data, special work 
instructions, operational procedures, and receipt and 
transmittal of submittals. 

2) Provide procedures for the distribution and storage of 
documents related to the Contract. 
a) Promptly eliminate obsolete documents from each 

work location. 
b) Retain superseded documents in Contract files, and 

clearly identify each as such. 
3) Examples of the types of Contract documents requiring 

control include, but are not limited to: 
a) Contract Drawings. 
b) Specifications. 
c) Special work instructions. 
d) Operational procedures. 
e) Quality assurance program procedures. 

b. Develop document control measures to assure that all relevant 
documents are current and available to all users who require them. 
1) Develop procedures to ensure that documents are reviewed 

by the relevant authorized personnel. 
a) Provide procedures to ensure that changes to 

documents are reviewed and approved by the same 
authorized individuals that reviewed and approved 
the original documents. 

b) Control changes to Contract documents, and 
promptly distribute those changes to all required 
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locations together with a master list enumerating the 
current revisions of each document. 

2) Develop procedures to assure that all documents required 
are received and distributed in a timely manner, and contain 
the necessary technical information. 
a) Distribute and make available copies of documents 

to all locations needing them to assure that the 
quality management system functions effectively. 

5. Purchasing: 
a. Establish and maintain procedures to assure that purchased services 

and products conform to specified requirements. 
b. Provide written procedures within the Contractor’s Quality 

Assurance Plan (CQAP) that address at a minimum the following: 
1) Evaluation and selection of Suppliers using specified 

evaluation criteria including supplier quality programs. 
a) Generate a list of qualified Suppliers with the 

descriptions of the scope of services that they have 
been qualified to provide for the Contract. 
(1) Prior to procurement of items and materials, 

submit to the Engineer a list of Suppliers and 
Subcontractors that includes a description of 
the items to be supplied, and/or other 
pertinent information, as appropriate, for 
approval. 

b) Select Suppliers based on their ability to meet 
Contract requirements. 

2) Transmission of applicable design, manufacturing, quality, 
and other associated technical requirements in purchase 
documents. 

3) Review and approval of purchasing documents by a 
designated authority to verify the adequacy of the 
requirements specified prior to release. 

4) Periodic assessment of Supplier performance; e.g., 
inspection and testing at the source, and/or auditing of the 
Supplier by the Contractor. 

5) Evaluation of the adequacy of the products procured at the 
time of receipt and/or at the point of manufacture to verify 
compliance with purchasing documents. 

c. Extend the quality requirements of this Section to Suppliers and 
Subcontractors as appropriate to the work being performed. 
1) Within procurement documents, impose the same quality 

control requirements upon Suppliers and Subcontractors, 
including inspection and test procedures, as imposed on the 
Contractor by this Section, other Contract Specifications, 
and referenced standards. 
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6. Product Identification and Traceability: 
a. Establish and maintain measures for identifying and controlling 

items of production such as batches, materials, parts, and 
components, to prevent the use of incorrect or defective items, and 
to assure that only correct and acceptable items are used or 
installed. 
1) Develop documented procedures within the Contractors’ 

Quality Assurance Plan (CQAP) to assure that procured 
items, equipment, and materials are physically identified. 
a) Insure that items are traceable to required 

documents during all phases of production from 
receipt of raw materials, components, or 
subassemblies through the construction process, to 
delivery of final products. 
(1) Insure identification and traceability of items 

throughout all inspections, test activities, and 
record keeping. 

(2) Develop and maintain a documented system 
to clearly identify the inspection and test 
status of materials and equipment throughout 
construction. 

(3) For stored items, preserve each item’s 
identification and traceability consistent with 
the expected duration and type of storage. 

b) Physically identify and control items to the extent 
possible from the time of receipt inspection through 
installation and testing. 
(1) Insure the identity of items by placing 

markings on or with the items, or by placing 
the items in specifically identified physical 
locations. 
(a) Facilitate identification by means of 

stamps, tags, or other control devices 
attached to or accompanying the 
material or equipment. 

(b) Employ physical separation, 
procedural control, or other 
appropriate means where physical 
identification is impractical. 

(2) Mark, track, and control equipment and 
materials that require inspection or testing 
within specific time intervals. 

(3) Establish procedures to control the use of 
status tags, including logging, installation, 
and removal. 
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(4) Define who is authorized to apply and 
remove status tags. 

2) Serialization Plans: 
a) Develop a comprehensive plan for tracking the serial 

numbers of equipment provided under this Contract. 
(1) Include the proposed numbering scheme, 

method for assigning numbers, and tracking 
tools and procedures. 

(2) Include the proposed organization of the 
serial number database. 

b) Maintain the serial number database and use it to 
track inventory and to establish equipment reliability. 

3) Intentional unauthorized removal of non-conformance 
status tags will result in immediate dismissal and removal 
from the Work Site of all personnel responsible for the 
unauthorized removal. 

4) Segregate items that do not have identification, items for 
which record traceability has been lost, and items that do 
not conform to the requirements of the Contract to prevent 
their inadvertent incorporation into the Work of this 
Contract. 

b. Establish and maintain procedures for receiving incoming products, 
and for final inspection and testing. 
1) Specify and implement the procedures for receiving 

incoming products and for final inspection and testing, and 
document the results of these procedures. 
a) Conform with the requirements specified in Division 

100, General Provisions, and establish material 
control procedures to ensure that equipment and 
materials accepted through receiving inspection 
comply with the procurement documents, and to 
assure that equipment and materials are properly 
received, inspected, stored, maintained, installed, 
and used. 

2) Receiving Inspection: 
a) Implement documented receiving inspection 

procedures for purchased items such as materials, 
parts, or equipment delivered to the Contractor. 

b) Receiving Inspection Records: 
(1) Develop and maintain Receiving Inspection 

Records, which at a minimum must include a 
Receiving Inspection Log containing the 
following information for each item received: 
(a) Purchase order number. 
(b) Item number. 
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7. Process Control: 

(a) Supplier name. 
(b) Quantity. 
(c) Item description. 
(d) Reference to applicable Contract 

requirements. 
(e) Date received. 
(f) Heat number, serial number, or other 

identification, as applicable. 
(g) Inspection records for in-transit 

damage and gross defects. 
(h) Verification of receipt of all required 

supporting documentation, including 
Certificates of Compliance and 
Certified Material Test Reports, and 
verification that these documents are 
traceable to the items received. 

(i) Acceptability (accept/reject) and 
nonconformance report number, if 
applicable. 

(j) Quality control person’s signature 
and date. 

a. Identify and plan the production and installation processes that 
directly affect quality, and ensure these processes are performed 
under controlled conditions. 
1) Handle, store, and preserve procured items, equipment, and 

materials from the time of receipt to the time of installation 
and testing to prevent damage, deterioration, distortion of 
shape or dimension, loss, degradation, loss of identification, 
or substitution. 

2) Use special devices, e.g., crates, boxes, containers, dividers, 
slings, material handling and transportation equipment, and 
other facilities, for handling material; and insure that these 
special devices are maintained and periodically inspected. 

3) Provide only new materials for incorporation into the Work 
except where specified otherwise. 

4) Develop work instructions for production and installation 
processes that include: 
a) Sequencing work operations where the work is 

complex or when there are multi-discipline 
interfaces, including hold and witness points for 
required examinations, inspections, and tests. 
(1) Hold points are mandatory. 
(2) Witness points may be waived by the 

establishing individual. 
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b) Using suitable equipment. 
c) Providing a suitable work environment. 
d) Using qualified personnel, and stating qualification 

requirements, e.g. certifications, credentials, or 
licenses. 

e) Conforming to referenced and other applicable 
codes, standards, and quality plans. 

f) Controlling and monitoring work processes during 
manufacturing, installation, and construction. 

b. Continuously monitor special processes, the result of which cannot 
be verified by subsequent inspection and testing. 
1) Conduct continuous monitoring and/or assure conformance 

with documented procedures during special processes such 
as welding, nondestructive examination, and heat treatment 
where the results cannot be verified during subsequent work 
operations. 

2) Use personnel approved by the Engineer and that have the 
experience, training, certification, and where required the 
license commensurate with the scope, complexity, or nature 
of the activity whenever performing special processes, i.e., 
welding, brazing; or inspection/test tasks. 

3) Special process procedures at a minimum must include the 
following. 
a) Requirements for the qualification of special process 

procedures. 
b) Personnel qualifications required for performing the 

special process including certifications, credentials, 
or licenses. 

c) Orientation into the quality program requirements. 
d) Training in the applicable special process 

procedures. 
e) Evaluation (initial and periodic) of the personnel 

performing special processes. 
8. Inspection and Testing: 

a. Testing and Inspection Agencies: 
1) Employ the services of one or more independent certified 

material testing laboratories, hereafter referred to as the 
Testing and Inspection Agency or Testing and Inspection 
Agencies, having the qualifications specified in 
Subparagraph 1.04.A.1 to perform materials testing, control 
testing, and inspections of the materials to be incorporated 
into the Work of this Contract. 
a) The Testing and Inspection Agencies retained by the 

Contractor will not be responsible for performing 
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the special inspections required by the ICC 
International Building Code. 

2) Dismissal and replacement of any of these independent 
certified Testing and Inspection Agencies by the Contractor 
requires written notice to and the approval from the 
Engineer. 

b. Code-Required Approved Agency for Performing Special 
Inspections: 
1) To perform the special inspections required by the ICC 

International Building Code (IBC) which are listed for 
convenience in Section 01453, Code-Required Special 
Inspections and Procedures, the Owner or Engineer acting 
as the Owner’s agent will employ an independent Approved 
Agency, as defined in the Code, that has the following 
qualifications: 
a) Established, recognized, and regularly engaged in 

conducting tests or furnishing inspection services. 
b) Demonstrating competence to the satisfaction of the 

building official having jurisdiction over the Work of 
the Contract. 

c) Conforming to the quality standards for testing 
laboratories of the nationally recognized associations 
and agencies that promulgate the test standards 
specified, particularly to the requirements of 
ASTM E 329 and the standards referenced in other 
Sections of this Contract. 

d) Capable of performing the reviews, inspections, and 
testing required by this Contract. 

c. Inspection, Sampling, and Testing: 
1) For the duration of this Contract, materials and fabrication 

procedures will be subject to inspection, sampling, and 
testing in the mill, shop, and field by the Engineer, the 
building official, the Testing and Inspection Agency or 
Agencies, and by the code-required Approved Agency for 
performing special inspections. 
a) The Engineer and/or the code-required Approved 

Agency may elect to perform inspections and/or 
tests of materials at the place of manufacture, the 
shipping point, or at the destination to verify 
compliance with applicable Specification 
requirements. 

b) Inspection and tests, conducted by persons or 
agencies other than the Contractor, do not in any 
way relieve the Contractor of responsibility for 
providing materials and fabrication procedures in 

Addendum No. 2 
October 13, 2017



Contract No. T201451604 

QUALITY REQUIREMENTS 014000 - 15 

 

 

 

compliance with specified requirements and for 
meeting the requirements of all Specifications and 
the referenced standards. 

2) When material furnished or work performed by the 
Contractor fails to conform to the Contract Documents, the 
Testing and Inspection Agency or the code-required 
Approved Agency for performing special inspections, 
whichever was responsible for performing the testing or 
inspection revealing the nonconformance of the materials or 
work, is responsible for immediately reporting such 
deficiency to the Engineer and the Contractor. 

3) The Testing and Inspection Agency and the code-required 
Approved Agency for performing special inspections must 
submit certified written reports that document the results of 
all tests and inspections performed directly to the Engineer 
immediately after the work is performed. 
a) The reports must state whether the tested and 

inspected items comply with specified requirements 
or deviate from them. 

d. Inspection and Test Plan: 
1) Develop an Inspection and Test Plan, consistent with the 

requirements of this Section, to plan inspection and testing 
procedures as necessary to verify the quality of the Work of 
this Contract. 
a) Identify all required inspections and tests required by 

each Specification Section, the required frequency of 
each, the accept/reject criteria of each, records 
required to document compliance, and the 
procedures or instruction to be used for control of 
each activity. 

b) Provide sufficient detail to allow the Engineer, or 
any agency having jurisdictional authority over the 
Work, to find the operations to be inspected by that 
organization in the plan. 

c) Provide written inspection and test procedures that 
address at a minimum the following: 
(1) Test prerequisites. 
(2) Required tools, equipment, and 

instrumentation. 
(3) Personnel qualification requirements. 
(4) Necessary environmental conditions. 
(5) Acceptance criteria. 
(6) Nonconformance reporting requirements. 
(7) Data to be recorded. 
(8) Test Results reporting forms. 
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(9) Identification of items inspected or tested. 
2) Submit the Inspection and Test Plan to the Engineer for 

approval, and do not commence inspection or test activities 
until the Engineer’s approval is granted. 

3) Implement and maintain the approved Inspection and Test 
Plan for the duration of this Contract. 
a) Using the Contractor’s quality control personnel or 

an approved Testing and Inspecting Agency as 
appropriate, perform in-process testing and 
inspection in accordance with the documented 
procedures reviewed and approved by the Engineer 
to verify conformance of each item or work activity 
to specified requirements. 
(1) Make procedures and instructions readily 

available to inspection and test personnel at 
the time and place of the inspection or test. 

(2) Perform acceptance testing and inspection 
using qualified personnel other than those 
performing the Work being tested or 
inspected. 

(3) When methods of inspection and/or testing 
are changed, reflect the revisions in 
methodology in approved written procedures 
prior to implementing the change on any 
Work. 

(4) Immediately report inspection/test results 
indicating nonconformance with specified 
requirements (failure) to the Engineer. 

b) Perform both inspections and process monitoring to 
ensure that the requirements specified for controlling 
work processes and the quality of the item are being 
achieved. 
(1) Verify that the methods and processes 

reflected in approved work procedures and 
instructions are completely and continuously 
followed. 

(2) Perform inspections and tests as necessary to 
verify the quality of the Work on items such 
as the following: 
(a) Items of the Work affecting safety. 
(b) Items that affect system reliability. 
(c) Items that affect service life. 
(d) Long lead-time items and custom 

manufactured items. 
(e) Items in high visibility areas. 
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(f) ADA compliance items. 
c) Prepare and submit records (reports) of inspection 

and test activities that address at a minimum the 
following: 
(1) Name of the item(s) inspected/tested. 
(2) Specification reference by Section and 

Paragraph, and where applicable revision 
level or revision date. 

(3) Quantity of items. 
(4) Location of the item(s). 
(5) Inspection/test procedure reference. 
(6) Date of inspection or test activities. 
(7) Name of the inspector/tester. 
(8) Observations/comments of the 

inspector/tester. 
(9) Specified requirements referenced to the 

appropriate Specification Section/Paragraph 
number. 

(10) Deviations/non-conformances. 
(11) Corrective action. 
(12) Evaluation of results. 
(13) Acceptability. 
(14) Signature of authorized inspection and test 

personnel. 
e. Certificates of Compliance and Certified Material Test Reports: 

1) Materials may be accepted by the Engineer on the basis of a 
Certificate of Compliance or Certified Material Test Report. 

2) Materials accepted on the basis of a Certificate of 
Compliance may be sampled and inspected/tested by the 
Engineer, or his designee, at any time. 

3) The fact that the materials were accepted on the basis of 
certification does not relieve the Contractor of his 
responsibility to provide materials and equipment that 
comply with the Specifications. 

4) Submit the Certificate of Compliance/Certified Material 
Test Report to the Engineer prior to incorporation of the 
item into the Work. 

f. Refer to Division 100, General Provisions, for additional testing 
and inspection requirements. 

9. Inspection, Measuring, and Test Equipment (M&TE): 
a. Identify, control, calibrate, and maintain inspection, measuring, and 

test equipment (M&TE) required to perform inspections, tests, and 
measurements in order to demonstrate conformance of Work to the 
specified requirements. 
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1) Establish and maintain a system to identify, control, 
calibrate, and maintain all inspection, measuring, and test 
equipment prior to its use to demonstrate that construction 
conforms to the requirements of the Contract Documents. 
a) Identify each piece of inspection, measuring, and test 

equipment with a unique identification label 
permanently and directly affixed to the equipment. 

b) Affix calibration labels to inspection, measuring, and 
test equipment that show the date the equipment 
was last calibrated and the date recalibration is due. 

2) Use only inspection, measuring, and test equipment of the 
proper type and accuracy for the required measurement, and 
store and use equipment under suitable environmental 
conditions. 
a) Inspections or tests performed using inspection, 

measuring, and test equipment that is subsequently 
found to be out-of-tolerance, or that is damaged 
during use, or that is lost are considered 
nonconforming until all characteristics previously 
inspected or tested using the equipment have been 
reassessed and re-verified as correct, re-inspected, 
or re-tested as necessary. 
(1) A nonconformance report for out-of- 

tolerance or damaged inspection, measuring, 
and test equipment must be processed in 
accordance with the requirements of 
Nonconformance Reporting as specified in 
Subparagraph 1.03.C.11. 

b. Make provisions for the recalibration of inspection, measuring, and 
test equipment in a timely manner. 
1) Either the Contractor or an agency/vendor must perform and 

document the calibration of inspection, measuring, and test 
equipment using calibration standards traceable to the 
National Institute of Standards and Technology (NIST), and 
the calibrations must be performed at the intervals specified 
in the calibration procedures to assure the accuracy of 
inspection, measuring, and test equipment. 
a) NIST information is accessible at ts.nist.gov. 

2) In the event that no national standards exist for the 
calibration of an item of inspection, measuring, and test 
equipment, document the basis used for the calibration of 
the item. 

3) Recall and recalibrate inspection, measuring, and test 
equipment at pre-prescribed intervals, and maintain records 
of calibration performed. 

Addendum No. 2 
October 13, 2017



Contract No. T201451604 

QUALITY REQUIREMENTS 014000 - 19 

 

 

 

10. Inspection and Test Status: 
a. Provide a means for identifying the inspection and test status of 

work during its production and installation. 
1) Maintain the inspection and test status of the work by means 

of marking, stamps, tags, labels, routing cards, inspection 
records, test software, physical location, or other suitable 
means. 

2) Status identification must indicate the conformance or 
nonconformance of each item with regard to inspections and 
tests performed. 

b. Establish controls to assure that only work that has passed the 
required inspections and tests are accepted. 
1) Prepare Daily Quality Control Reports for each day that 

Work is performed, and which at a minimum identify the 
tests conducted and the results of inspections and tests. 
a) Record the status of completed, tested, and 

inspected items or construction work in Daily 
Quality Control Reports. 

b) Submit the Daily Quality Control Reports to the 
Engineer in a timely manner for information. 

2) Document nonconforming items or construction work in 
nonconformance reports that are issued in accordance with 
the requirements for nonconformance reporting specified in 
Subparagraph 1.03.C.11. 

11. Nonconformance Reporting: 
a. A nonconformance exists when material furnished or work 

performed does not comply with the requirements of the Contract 
Drawings, Specifications, codes, standards, or any other Contract 
requirements; and such nonconforming work is therefore 
considered defective. 
1) Nonconforming work also exists when either material or 

equipment exhibits a deficiency in physical inspection, test 
characteristics, or documentation. 

b. Establish and maintain documented procedures to identify and 
control nonconforming work in order to ensure that only 
conforming Work is used for construction. 
1) Establish written procedures to define the methods and 

responsibilities for the identification, documentation, 
control, and processing of nonconforming equipment and 
material. 

2) Apply this system for identifying and controlling 
nonconforming work to the actions associated with 
installation and construction, and to all material and 
equipment that, for any reason, fails to conform to the 

Addendum No. 2 
October 13, 2017



Contract No. T201451604 

QUALITY REQUIREMENTS 014000 - 20 

 

 

 

Specifications or other applicable and approved product 
descriptions. 
a) Develop a mode of operation that emphasizes the 

identification, correction, and prevention of 
nonconforming work. 

3) The Contractor quality control personnel have the authority 
to stop that portion of the work that does not comply with 
the Contract requirements. 

c. Nonconformance Procedure: 
1) Comply with the requirements regarding nonconforming 

and defective work in Division 100, General Provisions, and 
with the requirements for nonconforming Work specified in 
this Section. 

2) To identify and prevent the use of nonconforming 
items/materials, develop nonconformance procedures that 
address and include the following: 
a) Definition of “nonconformance”. 
b) Methods of identifying non-conformances. 
c) Nonconformance reporting requirements that include 

immediate verbal notification to the Engineer 
followed by submission of a written 
Nonconformance Report to the Engineer. 

d) Application and removal of nonconformance status 
tags. 

e) Evaluations/recommendations. 
f) Physical segregation, removal from the Site, or 

reassignment of nonconforming items to lesser 
applications. 
(1) Nonconformance items to be reassigned to 

lesser applications must be previously 
approved for the new application by the 
Engineer. 

g) Cause of non-conformance. 
h) Corrective action to be taken. 

3) Nonconformance Report Log: 
a) Develop, maintain, and periodically submit a 

Nonconformance Report Log to the Engineer that 
contains the following information, at a minimum, to 
enable tracking of all Nonconformance Reports: 
(1) Sequential, unique nonconformance report 

number. 
(2) Date issued. 
(3) Originator. 
(4) System affected/drawing number/serial 

number. 
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(5) Brief description of the nonconformance and 
its source (e.g. Supplier, Subcontractor, 
welder). 

(6) Recommended and approved disposition. 
(7) Verification of corrective action. 
(8) Date closed. 
(9) Contractor Quality Control Manager’s 

initials. 
(10) Remarks, as applicable. 

b) The disposition of all Nonconformance Reports 
must conform to the requirements of the required 
corrective action as specified in Subparagraph 
1.03.C.12. 

12. Corrective Action: 
a. The resolution of nonconforming item/material issues must be 

approved by the Engineer with input from the Contractor’s project 
management and quality assurance personnel. 
1) Assign corrective action dispositions to Nonconformance 

Reports as follows: 
a) REPAIR – Nonconforming items or work that are 

restored to a conforming condition by alternative 
means. 

b) REWORK – Nonconforming items or work that are 
restored through additional normal processing. 

c) USE-AS-IS – Nonconforming items or work that 
are to be used in its current condition. 

d) SCRAP – Nonconforming items that do not meet 
requirements and cannot be practically assigned 
REWORK or REPAIR dispositions to meet 
requirements. 

2) Re-inspect items having Nonconformance Reports assigned 
either a REPAIR or REWORK disposition in accordance 
with the original requirements. 

3) Submit Nonconformance Reports with dispositions of 
REPAIR or USE-AS-IS to the Engineer for approval prior 
to the implementation of corrective action. 
a) The Owner may seek compensation for items 

assigned either a REPAIR or USE-AS-IS 
disposition. 

4) Immediately segregate items assigned a SCRAP disposition 
from conforming material, and remove them from the Site 
within 24 hours of assigning a SCRAP disposition, as 
practicable. 
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b. Establish and maintain written procedures of investigating the cause 
of nonconforming work and for the corrective action needed to 
prevent recurrence of nonconforming work. 
1) Investigate the root cause of nonconforming conditions and 

take the corrective actions needed to prevent recurrence. 
2) Ensure that corrective actions are completed in a timely 

fashion and that they are effective. 
3) Provide measures for analyzing processes to detect and 

eliminate potential causes of nonconforming work. 
4) Initiate preventative actions to deal with problems at a level 

corresponding to the risks encountered. 
5) Include measures for implementing and recording changes 

in procedures resulting from corrective action. 
13. Quality Records: 

a. Establish and maintain written procedures for quality records to 
identify which records are to be kept; responsibility for their 
production and collection; and responsibility for indexing, filing, 
storage, maintenance, and disposition of quality records. 
1) Identify every type of quality record to be generated as a 

result of implementing the CQAP, and specify the retention 
time for each. 

2) Quality records requiring control include, but are not limited 
to: 
a) Inspection Reports. 
b) Test Data. 
c) Certification Records. 
d) Personnel Qualifications. 
e) Submittals, Value Engineering Change Proposals 

(VECP), Change Orders, and Requests for 
Interpretation/Information (RFI). 

f) Calibration Records. 
g) Nonconformance Reports. 
h) Corrective Action Reports. 
i) Quality Audit Reports. 

3) Include Supplier, Contractor, and Subcontractor quality 
records. 

4) Ensure that a level of authority commensurate with the 
nature of the quality records verifies the adequacy of 
records on a systematic basis. 

b. Index, file, and maintain all quality records in a manner that 
provides for timely retrieval, traceability to, identification with, and 
acceptability of, material, equipment and systems. 
1) Quality records must be legible and specify the work 

involved. 
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2) Only complete, legible, and properly authenticated 
documents can be considered quality records. 

3) Maintain quality records to provide objective evidence that 
all activities conform to the CQAP requirements specified, 
to show that the quality management system is properly 
functioning, and to document the basis of decisions. 

4) Maintain quality records in a manner that minimizes 
deterioration and damage. 

5) Index of Quality Control Records: 
a) Prepare and submit an index of all quality control 

records that will be accumulated and maintained 
during the progress of the Work. 

c. Make quality records available to the Engineer upon request. 
d. Retention time for all quality records will be not less than 3 years 

after the date of Final Acceptance, except as modified below. 
1) Sample retention: 

a) Retain all Samples of materials, products, or 
assemblies to be incorporated into the Work for a 
minimum period of 1 year after the date of the 
Certificate of Final Acceptance. 

2) Provide 30 days notice to the Engineer of intent to discard 
or destroy quality records, including Samples as may be in 
the possession of the Contractor or his Subcontractors, 
subsequent to this retention time. 

14. Quality Audits: 
a. Establish and implement written procedures for the performance of 

internal quality audits to assure that the elements of the quality 
management system are functioning as intended. 
1) Quality audits are not the same as financial audits. 

b. Quality Audit Schedule: 
1) Establish a Quality Audit Schedule denoting the locations, 

organizations to be audited, topics, and scheduled dates. 
2) Schedule audits based upon the status and importance of the 

activity being audited. 
a) At a minimum, perform audits at 90-day intervals or 

as necessary to verify that all elements of the Quality 
Management System are functioning as intended. 

3) Update the audit schedule at 90-day intervals beginning on 
the date of approval of the initial schedule by the Engineer. 

c. Quality Audit Plan: 
1) Prepare and submit quality audit plans to the Engineer for 

each audit. 
a) Address the audit scope, location, and dates. 
b) Include the audit checklists to be used. 

d. Quality Audit Procedure: 
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1) Perform scheduled internal audits to verify that quality 
assurance procedures are being enforced and are functioning 
as intended to ensure total compliance with the 
Specifications, Contract Drawings, and all reference 
standards. 

2) Conduct Audit Entrance Meetings with the audited 
organization’s responsible management personnel. 

3) Use procedures, standards, and audit checklists to assure 
substantive audit results. 

4) Identify records examined, activities witnessed, and 
personnel interviewed during the audit. 

5) Thoroughly investigate problems and clarify 
misunderstandings during the course of the audit. 

6) Document quality problems uncovered in Audit Finding 
Reports. 

7) Conduct Audit Exit Meetings with responsible personnel; 
and discuss audit results, problems noted, required 
corrective action, and schedules for completion of 
corrective actions. 

e. Quality Audit Personnel: 
1) Use qualified personnel having no direct responsibilities in 

the area audited. 
2) Document the basis of audit personnel qualification. 

f. Quality Audit Reports: 
1) Document audit results within a Quality Audit Report. 

a) Report areas/topics audited. 
b) Identify the audited organization and report any 

problems found. 
c) Address the root causes that led to any 

nonconforming conditions, and recommend actions 
to prevent recurrence of the nonconformance. 

2) Distribute Quality Audit Reports and Audit Finding Reports 
to personnel having responsibility for the areas audited 
within 10 working days following the completion of the 
audit. 

3) Submit all Quality Audit Reports to the Engineer for 
approval no later than 30 days after each audit. 

4) Maintain records of quality audits as quality records, and 
make them available to the Engineer upon request. 

g. Quality Audit Follow-Up: 
1) Assure that responses to Audit Fining Reports are complete 

and accurate. 
2) Track and verify corrective action, and close problem 

reports resulting from audits in a timely fashion. 
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3) Re-audit deficiency areas on an accelerated basis to verify 
effectiveness of corrective action and actions to preclude 
recurrence of problems. 

h. Owner Audits: 
1) Quality audits of Contractor, Subcontractor, and Supplier 

activities may be performed by the Owner’s representatives 
to verify compliance with the Specifications and referenced 
standards. 

2) Upon notice by the Engineer, provide timely access to 
facilities, locations, records, and personnel by the Owner’s 
auditors to facilitate performing Owner audits. 

3) Assure cooperation with the Owner’s auditors by all 
Contract personnel. 

4) Provide timely and thorough responses to Owner-identified 
quality problems. 

15. Training: 
a. Establish and maintain documented procedures for identifying 

training needs and to provide for the training of all personnel 
performing activities affecting quality. 
1) Training must include, but not be limited to, procedures to 

identify potential quality problems in either the Work or 
materials; and must include appropriate direction for 
identifying, reporting, and resolving quality problems. 

2) Train the Contractor’s quality assurance and quality control 
personnel so they are qualified for their assigned quality 
tasks based on having the appropriate education, training, or 
experience required. 

3) Train the workers, Subcontractors, Suppliers, and others 
who perform tasks affecting quality to comply with the 
various quality-related procedures defined in the CQAP as 
they relate to the individual’s responsibilities. 

4) Develop and maintain a training matrix that lists the 
following: 
a) Project personnel by title. 

(1) Include consultant, Contractor, and 
Subcontractor personnel. 

b) Applicable procedures, standards, specifications, or 
other training materials. 

c) Type of training (classroom or required reading). 
 

D. Contractor’s Failure to Perform: 
1. In the event the Contractor fails to adequately perform any or all of the 

provisions of this Section, the Owner, at its sole discretion, reserves the 
right to have the Engineer perform any or all of the provisions in this 
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Section and back charge the Contractor for the actual cost to the Owner of 
such services. 
a. This remedy for the Contractor’s failure to perform is in addition to 

any other right or remedy available to the Owner under this 
Contract. 

2. Refer to Division 100, General Provisions, for additional information 
regarding the Owner’s remedies. 

 
1.4 QUALITY ASSURANCE 

 
A. Qualifications: 

1. Testing and Inspection Agency Qualifications: 
a. Each Testing and Inspection Agency must be independent, certified, 

[must be accredited by one of the accreditation agencies listed in 
FTA IT-90-5001-02.1 to perform the specific tests or types of tests 
or calibrations required by the Specifications,] and comply with the 
quality standards for testing laboratories of the nationally 
recognized associations and agencies that promulgate the test 
standards specified and with the basic requirements of 
ASTM E 329 and other standards specified in individual 
Specification Sections. 

b. Each Testing and Inspection Agency must be capable of performing 
the reviews, inspections, and testing required of them by this 
Contract; including but not limited to the following: 
1) Inspecting, sampling, and testing proposed materials and 

production as required by the Engineer for compliance with 
the Contract Documents. 

2) Capable of securing production samples of materials at 
plants or stockpiles during the course of the work, and 
testing the samples for compliance with the Contract 
Documents. 

c. The Testing and Inspection Agency must be approved by the 
Engineer, and must also be accepted by the local jurisdictions 
responsible for building inspection. 

d. Submit the qualifications and certifications of the proposed Testing 
and Inspection Agencies to the Engineer for approval. 

2. Contractor’s Superintendent’s Qualifications: 
a. Employ a superintendent having a minimum of 5 years of 

construction-related experience with a minimum of 2 years in 
supervision or management of construction work, and empowered 
to represent and to act for the Contractor. 

b. Submit the proposed Contractor’s superintendent’s resume 
showing his or her qualifications and experience to the Engineer for 
approval by the Owner. 

3. Contractor’s Safety Representative’s Qualifications: 
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a. Employ a Safety Representative having specialized training, 
certification, and substantial experience in construction safety 
supervision, including a working knowledge of applicable U.S. 
Department of Labor (OSHA) regulations, the ability to develop 
and conduct safety training courses, and familiarity with the 
industrial hygiene equipment and testing required for the protection 
of employees. 

b. The Contractor’s Safety Representative must be acceptable to the 
Engineer, and his performance will be reviewed on a continuing 
basis; the Engineer reserves the right to revoke the approval of the 
Safety Representative and require a replacement. 

c. Submit the proposed Contractor’s Safety Representative’s resume 
showing his name, qualifications, and experience to the Engineer 
for approval. 

4. Contractor’s Quality Assurance Manager’s Qualifications: 
a. Employ a Contractor’s Quality Assurance Manager having a 

minimum of 5 years of construction-related Quality Assurance 
experience with a minimum of 2 years in supervision or 
management of Quality Assurance work. 

b. The Contractor Quality Assurance Manager must be acceptable to 
the Engineer. 

c. Submit the proposed Contractor’s Quality Assurance Manager’s 
resume showing his name, qualifications, and experience to the 
Engineer for approval. 

 
B. Regulatory Requirements: 

1. Codes and Reference Standards: 
a. Fully comply with the applicable requirements of the codes and 

reference standards specified or indicated in the Contract 
Documents. 

b. The versions and editions of the codes and reference standards that 
are applicable to this Contract are as stipulated on the Contract 
Documents 
1) The applicable versions or editions of the codes and 

reference standards may not be the most recently published 
version if the authority having jurisdiction over the Work 
has adopted some earlier version or edition by regulation, or 
if newer versions or editions are published after the Contract 
is awarded. 

2. Rules, Laws, and Regulations: 
a. Comply with the applicable federal, state, and local rules, laws, and 

regulations whether such rules, laws, and regulations are 
specifically identified in the Contract Documents or not. 
1) Governmental Safety Regulations: 
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a) Comply with all applicable U.S. Department of 
Labor safety regulations, including those stipulated 
in 29 CFR 1910 and 29 CFR 1926. 

b) Utility Regulations: 
(1) In accordance with the Pipeline Inspection, 

Protection, Enforcement, and Safety Act of 
2006 (Title 49 of the United States Code as 
amended by H.R. 5782) and, the Contractor 
is required to dial “811” within the state in 
which the Site is located to identify and 
locate underground utilities and 
interferences; and is responsible for notifying 
affected underground utility owners prior to 
all excavations and for coordinating utility 
interconnections and interfaces with the 
utilities. 

(2) The Contractor is required to notify public 
utilities operating overhead power lines 
whenever construction operations are within 
clearance envelopes established by statute. 

(3) For the cranes and similar equipment 
proposed for use in support of construction 
and capable of encroachment, submit 
sketches that define the operation of the 
equipment and calculations demonstrating 
that the crane capacities are adequate for the 
loads applied to the Engineer. 
(a) Show planned locations and 

movements of the equipment, the 
relationship of the equipment 
footprint to the movement of the 
crane boom and loads relative to 
existing structures and surrounding 
buildings, support grillages and the 
protection of existing utilities and 
facilities, and other pertinent details 
as required by the Engineer. 

b. Comply with the applicable rules and regulations of other 
regulatory bodies having jurisdiction over the Work of this 
Contract. 

3. Fees, Royalties, and Taxes: 
a. Unless specifically indicated otherwise, pay all applicable patent and 

other fees, royalties, and taxes pertaining to the Work of this 
Contract. 

4. Permits and Licenses: 
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a. Unless specifically indicated otherwise, procure and pay for all 
permits and licenses applicable to the Work of this Contract. 

 
C. Field Samples and Mock-Ups: 

1. When specified, provide Samples and mock-ups that illustrate functional 
and aesthetic characteristics similar in every way to the actual materials or 
equipment to be incorporated into the work. 
a. Provide office Samples of sizes and quantities that clearly illustrate 

the full color range and functional characteristics of products and 
materials, including attachment devices. 

b. Furnish required Samples and mock ups at no additional cost to the 
Owner. 

2. Erect field Samples and mock-ups at the Work Site as specified in 
individual Specification Sections, and as may be necessitated by the 
Contractor submitting value engineering proposals, at locations acceptable 
to the Engineer. 
a. Do not incorporate the Sample or mock-up material or equipment 

into the Work until approval to do so is received from the Engineer. 
 

1.5 EXISTING CONDITIONS 
 

A. Obtain full knowledge through personal and careful examination of the existing 
conditions at the Site that may affect the Work, accept the existing conditions, and 
assume the responsibility, including any related costs, for failure of the Contractor 
to obtain full knowledge of the existing conditions. 
1. Information regarding existing conditions at the Site as indicated on the 

Contract Drawings or in the Specifications is given only for the 
convenience of the Bidders and Contractors, and to present a general 
representation of present conditions. 
a. The Contract Drawings may not reflect actual details or 

dimensions, and should not be relied on for accurate layout, design, 
or estimating purposes. 

2. Bidders and Contractors assume responsibility for the costs arising from 
their failure to note variations between the information presented on the 
Contract Drawings or in the Specifications and the actual existing 
conditions. 

 
PART 2 PRODUCTS 

 
2.1 SOURCE QUALITY CONTROL 

 
A. Perform source quality control functions for this Contract in accordance with the 

approved Contractor Quality Assurance Plan (CQAP), the requirements of 
Division 100, General Provisions, and of individual Specification Sections. 
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PART 3 EXECUTION 
 

3.1 FIELD QUALITY CONTROL 
 

A. Perform field quality control function for this Contract in accordance with the 
approved Contractor Quality Assurance Plan (CQAP), the requirements of 
Division 100, General Provisions, and of other individual Specification Sections. 

 

END OF SECTION 014000 
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SECTION 014530 - SPECIAL INSPECTION SERVICES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section. 

1.2 REFERENCES 

A. American Concrete Institute (ACI) 

1. ACI 318 “Building Code Requirements for Structural Concrete” (2014) 

B. American Institute of Steel Construction (AISC): 
 

1. AISC 360 “Steel Construction Manual – 14th Edition” (2010) 

C. American Society of Civil Engineers (ASCE): 
 

1. ASCE 7 “Minimum Design Loads for Buildings and Other Structures” (2010) 
2. ACI 530 Building Code Requirements for Masonry Structures (2013) 
3. ACI 530.1 “Specification for Masonry Structures” (2013) 

D. American Welding Society (AWS) 
 

1. B5.1: Specification for the Qualification of Welding Inspectors (AWS B5.1). 
2. D1.1: Structural Welding Code – Steel (AWS D1.1/D1.1M). 
3. D1.3: Structural Welding Code – Sheet Steel (AWS D1.3). 
4. D1.4: Structural Welding Code – Reinforcing Steel (AWS D1.4). 

E. Steel Deck Institute (SDI) 
 

1. SDI-QA/QC “Standard for Quality Control and Quality Assurance for Installation of 
Steel Deck” (2011) 

F. Steel Joist Institute (SJI) 
 

1. SJI-JG “Standard Specification for Joist Girders” (2010) 
2. SJI-K “Standard Specification for Open Web Steel Joists, K-Series” (2010) 
3. SJI-LH/DLH  “Standard  Specification  for  Longspan  Steel  Joists,  LH-Series  and  Deep  

Longspan Steel Joists, DLH-Series” (2010) 

G. Code of the Town of Ocean City, MD City of Newark, DE 
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H. International Code Council: 
 

1. 2015 International Building Code (IBC). 

1.3 DEFINITIONS 

A. Approved Agency: An established and recognized agency that is regularly engaged in 
conducting tests or furnishing inspection services, where such agency has been approved by the 
Building Official. 

B. Approved Fabricator: An established and qualified person, firm, or corporation approved by the 
Building Official per the qualifications required in this Section. 

C. Architect of Record (AR): The Registered Design Professional retained by the Owner to design 
and specify architectural construction and whose signature and seal appears on the Owner-
approved architectural construction documents. 

D. Building Official: The officer or other designated authority charged with the administration and 
enforcement  of  the  Code  of  the  Town  of  Ocean  City,  MD City  of  Newark,  DE, or a duly 
authorized representative. 

E. Certificate of Compliance: A certificate stating that materials and products meet specified 
standards or that work was done in compliance with approved construction documents. 

F. Certification: A statement of professional opinion by a registered design professional that 
indicates that the item(s) under consideration meet the requirement of the approved construction 
document. Certifications shall bear the original seal and signature of the design professional 
making the statement. 

G. Completion Letter: A certification letter signed and sealed by the design professional(s) of 
record who performed special inspections stating that the construction elements specified for 
special inspections have been inspected and conform to the approved Construction Documents 
and specifications. 

H. Construction Documents: Plans, specifications, and other documents prepared for the purposes 
of obtaining a building permit. 

I. Owner-Approved Documents: Construction documents approved by the Owner and Building 
Official. 

J. Fabrication and Erection Documents: Written, graphic and pictorial documents prepared or 
assembled after issuance of a building permit describing the design, location and physical 
characteristics of building components or materials necessary for fabrication, assembly or 
erection of project elements. 

K. Final Report of Special Inspections: A certification by the Special Inspector (SI) indicating that 
specified special inspections are completed and meet the requirements of the approved 
construction documents and project specifications. 
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L. Inspection: The observation of work and the performance of tests for certain building or 
structure components. 

M. Inspection and Testing Agency: Agency or agencies retained by the Owner and approved by the 
Building  Official  to  perform special  inspections  and  materials  testing  as  required  by  IBC and  
the Building Official. Contractors are barred from retaining the services of inspection and 
testing agencies for Special Inspections. 

N. Mechanical Engineer of Record (MER): The registered mechanical engineer retained by the 
owner to have ultimate responsibility to design or specify mechanical systems and 
specifications. 

O. Non-Structural Elements: Elements of a building that are not primary or secondary structural 
elements such as exterior curtain walls and cladding, non-load-bearing partitions, stair railings, 
etc. 

P. Quality Control Inspector (QCI): Individual designated by the erector or fabricator to perform 
controls and inspections implemented by the erector or fabricator, as applicable, to ensure that 
the material provided and work performed meet the requirements of the approved construction 
documents and referenced standards. 

Q. Special Inspection: Inspection of construction requiring the expertise of an approved Special 
Inspector in order to ensure compliance with the Code of the Town of Ocean City, MD City of 
Newark, DE and the approved Construction Documents. 

1. Continuous Special Inspection: Special Inspection by the Special Inspector who is 
present when and where the work to be inspected is being performed. 

2. Periodic Special Inspection: Special Inspection by the Special Inspector who is 
intermittently present where the work to be inspected has been or is being performed. 

R. Special Inspector: A qualified person employed or retained by an Approved Agency, hired by 
the Owner, and approved by the Building Official as having the competence necessary to 
inspect a particular type of construction requiring Special Inspection. 

S. Statement  of  Special  Inspections  (SSI):  A  statement  prepared  by  the  Owner  and  appropriate  
registered design professionals in responsible charge and submitted by the permit applicant for 
review and approval by the Building Official. The SSI indicates the scope of special inspections 
applicable to a construction project and identifies the names and qualifications of the design 
professionals and inspection and testing agencies that will provide those services. 

T. Structural Engineer of Record (SER): The registered structural engineer retained by the Owner 
to have ultimate responsibility to design or specify structural documents and specifications. 

1.4 SUMMARY 

A. This Section includes the following: 
 

1. Administrative and procedural requirements for Special Inspection services. 
2. Statement of Special Inspections, including a Schedule of Special Inspections 
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B. Requirements for Special Inspections are outlined in the Statement and Schedule of Special 
Inspections included in this Section.  

C. The  Owner  will  procure  and  bear  all  costs  of  the  Special  Inspections  and  Special  Inspector’s  
testing laboratory, except as otherwise noted.  The Special Inspector will be the manager of the 
Special Inspection process.  The Special Inspector checks the certification of all other inspecting 
agents required by Special Inspections and coordinates their activities.  The Special Inspector 
carries the exclusive responsibility for assuring that the inspections indicated are performed.  
The Statement of Special Inspections will be required by the Building Official as a condition for 
building permit issuance. 

D. Special Inspections are required to verify compliance with requirements specified or indicated.  
These services do not relieve Contractor of responsibility for compliance with Contract 
Document requirements. 

1.5 STRUCTURES AND BUILDING ELEMENTS SUBJECT TO SPECIAL INSPECTIONS 

A. This section shall apply to newly constructed building elements and modifications to existing 
building elements, newly constructed and modifications to foundation elements, and element 
fabrication  procedures  that  are  subject  to  special  inspections  as  required  by  the  IBC.  Special  
inspections are required for: 

1. Inspection of fabricators in accordance with IBC 1704.2.5 
2. Structural steel construction in accordance with IBC 1705.2.1 and the quality assurance 

inspection requirements of AISC 360. 
3. Steel construction other than structural steel in accordance with IBC 1705.2.2 
4. Concrete construction in accordance with IBC 1705.3. 
5. Masonry construction in accordance with IBC 1705.4 and the quality assurance 

inspection requirements of TMS 402/ACI 530/ASCE 5 and TMS 602/ACI 530.1/ASCE 
6. 

6. Soils and foundation construction in accordance with IBC 1705.6. 
7. Cast-in-place foundations in accordance with IBC 1705.8. 
8. Special inspections for seismic resistance in accordance with IBC 1705.11. 
9. Testing and qualification for seismic resistance in accordance with IBC 1705.12. 
10. Sprayed fire-resistant materials in accordance with IBC 1705.13. 
11. Mastic and intumescent fire-resistant coatings in accordance with IBC 1705.14. 
12. Exterior Insulation and Finish Systems (EIFS) in accordance with IBC 1705.15. 
13. Fire-resistant penetrations and joints in accordance with IBC 1705.16. 
14. Smoke Control Systems in accordance with IBC 1705.17 and DPS requirements. 

B. Special inspections shall also be required for proposed work that is, in the opinion of the 
building official, unusual in its nature, such as, but not limited to, the following examples: 

1. Construction materials and systems that are alternatives to materials and systems 
prescribed by this code. 

2. Unusual design applications of materials described in this code. 
3. Materials and systems required to be installed in accordance with additional 

manufacturer’s instructions that prescribe requirements not contained in this code or in 
standards referenced by this code. 

4. Sheeting and shoring, underpinning, curtain walls, facade, light gage metal framing, etc. 
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C. Repair and protection is Contractor’s responsibility, regardless of the assignment of 
responsibility for inspection, testing, or similar services. 

END OF SECTION 014530 
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NEW CASTLE COUNTY Statement of Special Inspections

DEPARTMENT OF LAND USE REV. 11/05/2015
87 READS WAY, NEW CASTLE, DE 19720
PHONE: 302-395-5400 • WWW.NCCDELU.ORG

Statement of Special Inspections Page 2 

Permit Number: ___________________________________

This Schedule of Special Inspections / Quality Assurance Plan include the following building systems and should 
accompany the Statement Special Inspections Form:

 Soils and Foundations  Spray Fire Resistant Material
 Cast-in-Place Concrete  Wood Construction
 Precast Concrete  Exterior Insulation and Finish System
 Masonry  Mechanical & Electrical Systems
 Structural Steel  Architectural Systems
 Cold-Formed Steel Framing  Special Cases

Special Inspection Agencies Firm
Address, Telephone, E-Mail

Responsibility

1. Special Inspection Coordinator

2. Inspector

3. Inspector

4. Testing Agency

5. Testing Agency

6. Other
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SECTION 033000 - CAST-IN-PLACE CONCRETE 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes cast-in-place concrete, including formwork, reinforcement, concrete materials, 
mixture design, placement procedures, and finishes.  For concrete exposed to view in its final 
condition, additional requirements of Section 033300 “Architectural Concrete” also apply. 

B. Related Requirements: 

1. Section 033300 "Architectural Concrete" for general building applications of specially 
finished formed concrete. 

2. Section 312000 “Earth Moving” for drainage fill under slabs-on-grade. 
3. Section 321313 “Concrete Paving” for concrete pavement and walks. 
4. Section 014560 14530 “Special Inspection Services”. 

1.3 DEFINITIONS 

A. Cementitious  Materials:  Portland  cement  alone  or  in  combination  with  one  or  more  of  the  
following: blended hydraulic cement, fly ash, slag cement, other pozzolans, and silica fume; 
materials subject to compliance with requirements. 

B. W/C Ratio: The ratio by weight of water to cementitious materials. 

1.4 PREINSTALLATION MEETINGS 

A. Preinstallation Conference: Conduct conference at Project site. 

1. Before submitting design mixtures, review concrete design mixture and examine 
procedures for ensuring quality of concrete materials. Require representatives of each 
entity directly concerned with cast-in-place concrete to attend, including the following: 

a. Contractor's superintendent. 
b. Independent testing agency responsible for concrete design mixtures. 
c. Ready-mix concrete manufacturer. 
d. Concrete Subcontractor. 

2. Review special inspection and testing and inspecting agency procedures for field quality 
control, concrete finishes and finishing, cold- and hot-weather concreting procedures, 
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a. Contractor's superintendent. 
b. Independent testing agency responsible for concrete design mixtures. 
c. Ready-mix concrete manufacturer. 
d. Cast-in-place architectural concrete Subcontractor. 

2. Review concrete finishes and finishing, cold- and hot-weather concreting procedures, 
curing procedures, construction joints, forms and form-removal limitations, 
reinforcement accessory installation, concrete repair procedures, and protection of cast-
in-place architectural concrete. 

3. Before submitting design mixtures, review concrete design mixture and examine 
procedures for ensuring quality of concrete materials. 

1.5 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Design Mixtures: For each concrete mixture. Submit alternate design mixtures when 
characteristics of materials, Project conditions, weather, test results, or other circumstances 
warrant adjustments. 

1. Indicate amounts of mixing water to be withheld for later addition at Project site. 

C. Formwork Shop Drawings: Show formwork construction, including form-facing joints, 
rustications, construction and contraction joints, form joint-sealant details, form tie locations 
and patterns, inserts and embedments, cutouts, cleanout panels, and other items that visually 
affect cast-in-place architectural concrete. 

D. Placement Schedule: Submit concrete placement schedule before start of placement operations. 
Include locations of all joints, including construction joints. 

E. Samples: For each of the following materials: 

1. Form-facing panels. 
2. Form ties. 
3. Form liners. 
4. Exposed aggregates. 
5. Coarse- and fine-aggregate gradations. 
6. Chamfers and rustications. 

F. Samples for Verification: Architectural concrete Samples, cast vertically, approximately 18 by 
18  by  2  inches,  of  finishes,  colors,  and  textures  to  match  design  reference  sample.  Include  
Sample sets showing the full range of variations expected in these characteristics. 

1.6 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For manufacturer and testing agency. 

B. Material Certificates: For each of the following, signed by manufacturers: 

1. Cementitious materials. 
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C. Form-Facing Panels for As-Cast Finishes: Exterior-grade plywood panels, nonabsorptive, that 
will provide continuous, true, and smooth architectural concrete surfaces, high-density overlay, 
Class  1,  or  better  medium-density overlay,  Class  1,  or  better,  or  mill-applied release agent  and 
edge sealed, complying with DOC PS 1.  Use of a formliner is required with plywood panels. 

D. Form Liners:  Smooth face formliner for all architectural concrete.  Furnish with manufacturer's 
recommended liquid-release agent that will not bond with, stain, or adversely affect concrete 
surfaces  and  will  not  impair  subsequent  surface  treatments  of  concrete.   Seams  are  not  to  be  
visable on final concrete element unless otherwise noted. 

E. Rustication Strips: Metal or rigid plastic, or with sides beveled and back kerfed; nonstaining; in 
longest practicable lengths. 

F. Chamfer Strips: Metal, rigid plastic, elastomeric rubber, or dressed wood, 3/4 by 3/4 inch, 
minimum; nonstaining; in longest practicable lengths. 

G. Form Joint Tape: Compressible foam tape; pressure sensitive; AAMA 800; minimum 1/4 inch 
thick. 

H. Form Joint Sealant: Elastomeric sealant complying with ASTM C 920, Type M or Type S, 
Grade NS, that adheres to form joint substrates. 

I. Sealer: Penetrating, clear, polyurethane wood form sealer formulated to reduce absorption of 
bleed water and prevent migration of set-retarding chemicals from wood. 

J. Form-Release Agent: Commercially formulated, colorless form-release agent that will not bond 
with, stain, or adversely affect architectural concrete surfaces and will not impair subsequent 
treatments of those surfaces. 

1. Formulate form-release agent with rust inhibitor for steel form-facing materials. 

K. Surface Retarder: Chemical liquid set retarder, for application on form-facing materials, capable 
of temporarily delaying final hardening of newly placed concrete surface to depth of reveal 
specified. 

L. Form Ties: Factory-fabricated, glass-fiber-reinforced plastic, internally disconnecting or 
removable ties designed to resist lateral pressure of fresh concrete on forms and to prevent 
spalling of concrete on removal. 

1. Furnish ties with tapered tie cone spreaders that, when removed, will leave holes 1-1/4 
inches in diameter on concrete surface. 

2. Furnish internally disconnecting ties that will leave no metal closer than 1-1/2 inches 
from the architectural concrete surface. 

3. Furnish glass-fiber-reinforced plastic ties, not less than 1/2 inch in diameter, of color 
selected by Architect from manufacturer's full range. 

2.3 STEEL REINFORCEMENT AND ACCESSORIES 

A. General: Comply with Section 033000 "Cast-in-Place Concrete" for steel reinforcement and 
other requirements for reinforcement accessories. 
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2.5 CURING MATERIALS 

A. Absorptive Cover: AASHTO M 182, Class 2, burlap cloth made from jute or kenaf, weighing 
approximately 9 oz./sq. yd. when dry. 

B. Moisture-Retaining Cover: ASTM C 171, polyethylene film or white burlap-polyethylene sheet. 

C. Waterborne, Membrane-Forming Curing Compound: ASTM C 309, Type 1, Class B. 

1. For concrete indicated to be sealed, curing compound shall be compatible with sealer. 

2.6 REPAIR MATERIALS 

A. Bonding Agent: ASTM C 1059/C 1059M, Type II, nonredispersible, acrylic emulsion or 
styrene butadiene. 

B. Epoxy Bonding Adhesive: ASTM C 881/C 881M two-component epoxy resin, capable of 
humid curing and bonding to damp surfaces, of class suitable for application temperature and of 
grade to suit requirements. 

1. Types IV and V, load bearing, for bonding hardened or freshly mixed concrete to 
hardened concrete. 

2.7 CONCRETE MIXTURES 

A. Obtain each color, size, type, and variety of concrete mixture from single manufacturer with 
resources to provide cast-in-place architectural concrete of consistent quality in appearance and 
physical properties. 

B. Prepare design mixtures for each type and strength of cast-in-place architectural concrete 
proportioned on basis of laboratory trial mixture or field test data, or both, according to 
ACI 301. 

1. Use a qualified independent testing agency for preparing and reporting proposed design 
mixtures based on laboratory trial mixtures. 

C. Cementitious Materials: For cast-in-place architectural concrete exposed to deicers, limit 
percentage, by weight, of cementitious materials other than portland cement according to 
ACI 301 requirements. Use fly ash, pozzolan, slag cement, and silica fume as needed to reduce 
the total amount of portland cement, which would otherwise be used, by not less than 40 
percent. 

D. Limit water-soluble, chloride-ion content in hardened concrete to 0.15 percent by weight of 
cement. 

E. Admixtures: Use admixtures according to manufacturer's written instructions. 

F. Color Pigment: Add color pigment to concrete mixture according to manufacturer's written 
instructions and to result in hardened concrete color consistent with approved mockup. 
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G. Concrete Mixtures: 

1. Compressive Strength (28 Days):  4500 psi. 
2. Maximum W/C Ratio: 0.45. 
3. Slump Limit:   8  inches for  concrete  with verified slump of  2 to  4 inches before adding 

high-range water-reducing admixture or plasticizing admixture, plus or minus 1 inch. 
4. Air Content: 6 percent, plus or minus 1.5 percent at point of delivery for 3/4-inch 

nominal maximum aggregate size. 

2.8 CONCRETE MIXING 

A. Ready-Mixed or Site-Mixed Architectural Concrete: Measure, batch, mix, and deliver concrete 
according to ASTM C 94 and furnish batch ticket information. 

1. Clean equipment used to mix and deliver cast-in-place architectural concrete to prevent 
contamination from other concrete. 

2. When air temperature is between 85 and 90 deg F, reduce mixing and delivery time from 
1-1/2 hours to 75 minutes; when air temperature is above 90 deg F, reduce mixing and 
delivery time to 60 minutes. 

PART 3 - EXECUTION 

3.1 FORMWORK INSTALLATION 

A. General: Comply with Section 033000 "Cast-in-Place Concrete" for formwork, embedded 
items, and shoring and reshoring. 

B. Limit deflection of form-facing panels to not exceed ACI 303.1 requirements. 

C. In addition to ACI 303.1 limits on form-facing panel deflection, limit cast-in-place architectural 
concrete surface irregularities, designated by ACI 347 as abrupt or gradual, as follows:  

1. Class A, 1/8 inch. 

D. Construct forms to result in cast-in-place architectural concrete that complies with ACI 117 
(ASI 117M). 

E. Construct forms for easy removal without hammering or prying against concrete surfaces. 
Provide crush or wrecking plates where stripping may damage cast-in-place surfaces. Provide 
top forms for inclined surfaces steeper than 1.5 horizontal to 1 vertical. Kerf wood rustications, 
keyways, reglets, recesses, and the like, for easy removal. 

1. Seal form joints and penetrations at form ties with form joint tape or form joint sealant to 
prevent cement paste leakage. 

2. Do not use rust-stained steel form-facing material. 

F. Provide temporary openings for cleanouts and inspection ports where interior area of formwork 
is inaccessible. Close openings with panels tightly fitted to forms and securely braced to prevent 
loss of concrete mortar. Locate temporary openings in forms at inconspicuous locations. 
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G. Chamfer exterior corners and edges of cast-in-place architectural concrete with ¾” chamfer. 

H. Coat  contact  surfaces  of  wood  rustications  and  chamfer  strips  with  sealer  before  placing  
reinforcement, anchoring devices, and embedded items. 

I. Form openings, chases, offsets, sinkages, keyways, reglets, blocking, screeds, and bulkheads 
required in the Work. Determine sizes and locations from trades providing such items. 

J. Clean forms and adjacent surfaces to receive concrete. Remove chips, wood, sawdust, dirt, and 
other debris just before placing concrete. 

K. Retighten forms and bracing before placing concrete, as required, to prevent mortar leaks and 
maintain proper alignment. 

L. Coat contact surfaces of forms with form-release agent, according to manufacturer's written 
instructions, before placing reinforcement. 

M. Coat contact surfaces of forms with surface retarder, according to manufacturer's written 
instructions, before placing reinforcement. 

N. Place form liners accurately to provide finished surface indicated. Provide solid backing and 
attach securely to prevent deflection and maintain stability of liners during concreting. Prevent 
form liners from sagging and stretching in hot weather. Seal joints of form liners and form-liner 
accessories to prevent mortar leaks. Coat form liner with form-release agent. 

3.2 REINFORCEMENT AND INSERT INSTALLATION 

A. General: Comply with Section 033000 "Cast-in-Place Concrete" for fabricating and installing 
steel reinforcement. Securely fasten steel reinforcement and wire ties against shifting during 
concrete placement. 

B. Set wire ties with ends directed into concrete, not toward exposed concrete surfaces. 

3.3 REMOVING AND REUSING FORMS 

A. Formwork for sides of beams, walls, columns, and similar parts of the Work that does not 
support weight of concrete may be removed after cumulatively curing at not less than 50 deg F 
for 24 hours after placing concrete if concrete is hard enough to not be damaged by form-
removal operations and curing and protection operations are maintained. 

1. Schedule form removal to maintain surface appearance that matches approved mockups. 

B. Leave formwork for beam soffits, joists, slabs, and other structural elements that support weight 
of concrete in place until concrete has achieved 28-day design compressive strength. Remove 
forms only if shores have been arranged to permit removal of forms without loosening or 
disturbing shores. 

C. Clean  and  repair  surfaces  of  forms  to  be  reused  in  the  Work.  Do  not  use  split,  frayed,  
delaminated, or otherwise damaged form-facing material. Apply new form-release agent. 
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D. When forms are reused, clean surfaces, remove fins and laitance, and tighten to close joints. 
Align and secure joints to avoid offsets. Do not use patched forms for cast-in-place architectural 
concrete surfaces. 

3.4 JOINTS 

A. Construction Joints: Install construction joints true to line, with faces perpendicular to surface 
plane of cast-in-place architectural concrete, so strength and appearance of concrete are not 
impaired, at locations indicated or as approved by Architect. 

1. Place joints perpendicular to main reinforcement. Continue reinforcement across 
construction joints unless otherwise indicated. 

2. Align construction joint within rustications attached to form-facing material. 
3. Space vertical joints in walls as indicated. Locate joints beside piers integral with walls, 

near corners, and in concealed locations where possible. 

B. Control Joints: Form weakened-plane control joints true to line, with faces perpendicular to 
surface plane of cast-in-place architectural concrete, so strength and appearance of concrete are 
not impaired, at locations indicated or as approved by Architect. 

3.5 CONCRETE PLACEMENT 

A. Before placing concrete, verify that installation of formwork, form-release agent, reinforcement, 
and embedded items is complete and that required inspections have been performed. 

B. Do not add water to concrete during delivery, at Project site, or during placement unless 
approved by Architect. 

C. Before test sampling and placing concrete, water may be added at Project site, subject to 
limitations of ACI 301. 

1. Do not add water to concrete after adding high-range water-reducing admixtures to 
mixture. 

D. Deposit concrete continuously between construction joints. Deposit concrete to avoid 
segregation. 

1. Deposit concrete in horizontal layers of depth to not exceed formwork design pressures 
and in a manner to avoid inclined construction joints. 

2. Consolidate placed concrete with mechanical vibrating equipment according to 
ACI 303.1. 

3. Do not use vibrators to transport concrete inside forms. Insert and withdraw vibrators 
vertically at uniformly spaced locations to rapidly penetrate placed layer and at least 6 
inches into preceding layer. Do not insert vibrators into lower layers of concrete that have 
begun to lose plasticity. Do not permit vibrators to contact forms. 
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3.6 FINISHES, GENERAL 

A. Architectural  Concrete  Finish:  Match  Architect's  design  reference  sample,  identified  and  
described as indicated, to satisfaction of Architect. 

B. Related Unformed Surfaces: At tops of walls, horizontal offsets, and similar unformed surfaces 
adjacent to formed surfaces, strike off smooth and finish with a texture matching adjacent 
formed surfaces. 

1. Continue final surface treatment of formed surfaces uniformly across adjacent unformed 
surfaces unless otherwise indicated. 

C. Maintain uniformity of special finishes over construction joints unless otherwise indicated. 

3.7 AS-CAST FORMED FINISHES 

A. Smooth-Formed Finish: As-cast concrete texture imparted by form-facing material, arranged in 
an  orderly  and  symmetrical  manner  with  a  minimum  of  seams.  Remove  fins  and  other  
projections exceeding specified limits on formed-surface irregularities. Repair and patch tie 
holes and defects unless otherwise noted.  Patch tie hole with tie hole plug with ¼” reveal.  Plug 
color to match concrete.  Provide A54 Snaplug by Dayton Superior or approved equal.  

B. Rubbed Finish: Apply the following to smooth-form-finished as-cast concrete where indicated: 

1. Smooth-Rubbed Finish: Not later than one day after form removal, moisten concrete 
surfaces and rub with carborundum brick or another abrasive until producing a uniform 
color and texture. Do not apply cement grout other than that created by the rubbing 
process. 

2. Grout-Cleaned Finish: Wet concrete surfaces and apply grout of a consistency of thick 
paint to coat surfaces and fill small holes. Mix 1 part portland cement to 1-1/2 parts fine 
sand with a 1:1 mixture of bonding admixture and water. Add white portland cement in 
amounts determined by trial patches, so color of dry grout matches adjacent surfaces. 
Scrub grout into voids and remove excess grout. When grout whitens, rub surface with 
clean burlap and keep surface damp by fog spray for at least 36 hours. 

3. Cork-Floated Finish: Wet concrete surfaces and apply a stiff grout. Mix 1 part portland 
cement and 1 part fine sand with a 1:1 mixture of bonding agent and water. Add white 
portland cement in amounts determined by trial patches, so color of dry grout matches 
adjacent surfaces. Compress grout into voids by grinding surface. In a swirling motion, 
finish surface with a cork float. 

C. Form-Liner Finish: Produce a textured surface free of pockets, streaks, seam lines, and 
honeycombs, and of uniform appearance, color, and texture. 

3.8 CONCRETE PROTECTING AND CURING 

A. General: Protect freshly placed concrete from premature drying and excessive cold or hot 
temperatures. Comply with ACI 306.1 for cold-weather protection and with ACI 301 for hot-
weather protection during curing. 
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SECTION 042000 - UNIT MASONRY 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Division 100 General Provisions of the Delaware Department of Transportation “Standard 
Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard 
Construction Details” dated 2001 2016, including all revisions up to the date of advertisement, 
apply to this section. 

1.2 SUMMARY 

A. Section Includes: 

1. Concrete masonry units. 
2. Clay face brick. 
3. Mortar and grout. 
4. Steel reinforcing bars. 
5. Masonry-joint reinforcement. 
6. Ties and anchors. 
7. Embedded flashing. 
8. Miscellaneous masonry accessories. 

B. Products Installed but not Furnished under This Section: 
1. Steel lintels in unit masonry. 
2. Steel shelf angles for supporting unit masonry. 
3. Cavity wall insulation. 

C. Related Requirements: 
1. Section 072100 "Thermal Insulation" for cavity wall insulation. 
2. Section 076200 "Sheet Metal Flashing and Trim" for exposed sheet metal flashing and 

for furnishing manufactured reglets installed in masonry joints. 

1.3 DEFINITIONS 

A. CMU(s): Concrete masonry unit(s). 

B. Reinforced Masonry: Masonry containing reinforcing steel in grouted cells. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: For the following: 
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4. Wet wall surfaces with water before applying cleaners; remove cleaners promptly by 
rinsing surfaces thoroughly with clear water. 

5. Clean brick by bucket-and-brush hand-cleaning method described in BIA Technical 
Notes 20. 

6. Clean concrete masonry by applicable cleaning methods indicated in NCMA TEK 8-4A. 
7. Clean masonry with a proprietary acidic cleaner applied according to manufacturer's 

written instructions. 
8. Clean stone trim to comply with stone supplier's written instructions. 
9. Clean limestone units to comply with recommendations in ILI's "Indiana Limestone 

Handbook." 

3.15 MASONRY WASTE DISPOSAL 

A. Salvageable Materials: Unless otherwise indicated, excess masonry materials are Contractor's 
property. At completion of unit masonry work, remove from Project site. 

B. Waste Disposal as Fill Material: Dispose of clean masonry waste, including excess or soil-
contaminated sand, waste mortar, and broken masonry units, by crushing and mixing with fill 
material as fill is placed. 

1. Crush masonry waste to less than 4 inches in each dimension. 
2. Mix  masonry  waste  with  at  least  two  parts  of  specified  fill  material  for  each  part  of  

masonry waste.  Fill material is specified in Section 312000 “Earth Moving.”  
3. Do not dispose of masonry waste as fill within 18 inches of finished grade. 

C. Masonry Waste Recycling: Return broken CMUs not used as fill to manufacturer for recycling. 

D. Excess  Masonry  Waste:  Remove  excess  clean  masonry  waste  that  cannot  be  used  as  fill,  as  
described above or recycled, and other masonry waste, and legally dispose of off Owner's 
property. 

END OF SECTION 042000 
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C. Aluminum Sheet: ASTM B 209 (ASTM B 209M), alloy as standard with manufacturer for 
finish required, with temper as required to suit forming operations and performance required; 
with smooth, flat surface. 
1. As-Milled Finish: Standard one-side bright. 
2. Exposed Coil-Coated Finish: 

a. Three-Coat Fluoropolymer: AAMA 2605. Fluoropolymer finish containing not 
less than 70 percent PVDF resin by weight in both color coat and clear topcoat. 
Prepare, pretreat, and apply coating to exposed metal surfaces to comply with 
coating and resin manufacturers' written instructions. 

3. Color: As selected by Architect from manufacturer's full range. 
4. Concealed Finish: Pretreat with manufacturer's standard white or light-colored acrylic or 

polyester backer finish, consisting of prime coat and wash coat with minimum total dry 
film thickness of 0.5 mil. 

2.3 UNDERLAYMENT MATERIALS 

A. Self-Adhering, High-Temperature Sheet: Minimum 30 mils thick, consisting of a slip-resistant 
polyethylene- or polypropylene-film top surface laminated to a layer of butyl- or SBS-modified 
asphalt adhesive, with release-paper backing; specifically designed to withstand high metal 
temperatures beneath metal roofing. Provide primer according to written recommendations of 
underlayment manufacturer. 
1. Thermal Stability: ASTM D 1970; stable after testing at 240 deg F or higher. 
2. Low-Temperature Flexibility: ASTM D 1970; passes after testing at minus 20 deg F or 

lower. 

2.4 MISCELLANEOUS MATERIALS 

A. General: Provide materials and types of fasteners, solder, protective coatings, sealants, and other 
miscellaneous items as required for complete sheet metal flashing and trim installation and as 
recommended by manufacturer of primary sheet metal or manufactured item unless otherwise 
indicated. 

B. Fasteners: Wood screws, annular threaded nails, self-tapping screws, self-locking rivets and 
bolts, and other suitable fasteners designed to withstand design loads and recommended by 
manufacturer of primary sheet metal or manufactured item. 

1. General: Blind fasteners or self-drilling screws, gasketed, with hex-washer head. 

a. Exposed Fasteners: Heads matching color of sheet metal using plastic caps or 
factory-applied coating. Provide metal-backed EPDM or PVC sealing washers 
under heads of exposed fasteners bearing on weather side of metal. 

b. Blind Fasteners: High-strength aluminum or stainless-steel rivets suitable for metal 
being fastened. 

c. Spikes and Ferrules: Same material as gutter; with spike with ferrule matching 
internal gutter width. 

2. Fasteners for Stainless-Steel Sheet: Series 300 stainless steel. 
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C. Sealant Tape: Pressure-sensitive, 100 percent solids, polyisobutylene compound sealant tape 
with release-paper backing. Provide permanently elastic, nonsag, nontoxic, nonstaining tape 1/2 
inch wide and 1/8 inch thick. 

D. Elastomeric Sealant: ASTM C 920, elastomeric [polyurethane]  [polysulfide]  [silicone] 
polymer  sealant;  of  type,  grade,  class,  and  use  classifications  required  to  seal  joints  in  sheet  
metal flashing and trim and remain watertight. 

E. Butyl Sealant: ASTM C 1311, single-component, solvent-release butyl rubber sealant; 
polyisobutylene plasticized; heavy bodied for hooked-type expansion joints with limited 
movement. 

F. Epoxy Seam Sealer: Two-part, noncorrosive, aluminum seam-cementing compound, 
recommended by aluminum manufacturer for exterior nonmoving joints, including riveted 
joints. 

G. Bituminous Coating: Cold-applied asphalt emulsion according to ASTM D 1187. 

H. Asphalt Roofing Cement: ASTM D 4586, asbestos free, of consistency required for application. 

2.5 FABRICATION, GENERAL 

A. General: Custom fabricate sheet metal flashing and trim to comply with details shown and 
recommendations in cited sheet metal standard that apply to design, dimensions, geometry, 
metal thickness, and other characteristics of item required. Fabricate sheet metal flashing and 
trim in shop to greatest extent possible. 

1. Fabricate sheet metal flashing and trim in thickness or weight needed to comply with 
performance requirements, but not less than that specified for each application and metal. 

2. Obtain field measurements for accurate fit before shop fabrication. 
3. Form sheet metal flashing and trim to fit substrates without excessive oil canning, 

buckling, and tool marks; true to line, levels, and slopes; and with exposed edges folded 
back to form hems. 

4. Conceal fasteners and expansion provisions where possible. Do not use exposed fasteners 
on faces exposed to view. 

B. Fabrication Tolerances: Fabricate sheet metal flashing and trim that is capable of installation to 
a tolerance of 1/4 inch in 20 feet on slope and location lines indicated on Drawings and within 
1/8-inch offset of adjoining faces and of alignment of matching profiles. 

C. Fabrication Tolerances: Fabricate sheet metal flashing and trim that is capable of installation to 
tolerances specified in MCA's "Guide Specification for Residential Metal Roofing." 

D. Expansion Provisions: Form metal for thermal expansion of exposed flashing and trim. 

1. Form expansion joints of intermeshing hooked flanges, not less than 1 inch deep, filled 
with butyl sealant concealed within joints. 

2. Use lapped expansion joints only where indicated on Drawings. 
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E. Sealant Joints: Where movable, nonexpansion-type joints are required, form metal to provide 
for proper installation of elastomeric sealant according to cited sheet metal standard. 

F. Fabricate cleats and attachment devices from same material as accessory being anchored or 
from compatible, noncorrosive metal. 

G. Fabricate cleats and attachment devices of sizes as recommended by cited sheet metal standard 
for application, but not less than thickness of metal being secured. 

H. Seams: Fabricate nonmoving seams with flat-lock seams. Tin edges to be seamed, form seams, 
and solder. 

I. Seams: Fabricate nonmoving seams with flat-lock seams. Form seams and seal with elastomeric 
sealant unless otherwise recommended by sealant manufacturer for intended use. 

J. Seams for  Aluminum: Fabricate  nonmoving seams with flat-lock seams.  Form seams and seal  
with epoxy seam sealer. 

K. Do not use graphite pencils to mark metal surfaces. 

2.6 ROOF-DRAINAGE SHEET METAL FABRICATIONS 

A. Downspouts: Fabricate rectangular downspouts to dimensions indicated, complete with mitered 
elbows. Furnish with metal hangers from same material as downspouts and anchors. 

1. Fabricated Hanger Style: Fig 1-35B according to SMACNA's "Architectural Sheet Metal 
Manual." 

2. Fabricate from the following materials: 
a. Stainless Steel: 0.024 inch. 

2.7 LOW-SLOPE ROOF SHEET METAL FABRICATIONS 

A. Roof Edge Flashing (Gravel Stop): Fabricate in minimum 96-inch- long, but not exceeding 12-
foot- long sections. Furnish with 6-inch- wide, joint cover plates. 

1. Joint Style: Overlapped, 4 inches wide. 
a.  
b. Stainless Steel: 0.019 inch  thick. 

B. Roof-to-Roof Edge-Flashing (Gravel-Stop) Transition Expansion-Joint Cover: Fabricate from 
the following materials: 
1. Stainless Steel: 0.024 inch thick. 

C. Roof-Penetration Flashing: Fabricate from the following materials: 
1. Stainless Steel: 0.019 inch thick. 

D. Roof-Drain Flashing: Fabricate from the following materials: 
1. Stainless Steel: 0.016 inch thick. 
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2.8 WALL SHEET METAL FABRICATIONS 

A. Through-Wall Flashing: Fabricate continuous flashings in minimum 96-inch- long, but not 
exceeding 12-foot- long, sections, under copings, and at shelf angles. Fabricate discontinuous 
lintel, sill, and similar flashings to extend 6 inches beyond each side of wall openings; and form 
with 2-inch- high, end dams. Fabricate from the following materials: 
1. Stainless Steel: 0.016 inch thick. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 
requirements for installation tolerances, substrate, and other conditions affecting performance of 
the Work. 

1. Verify compliance with requirements for installation tolerances of substrates. 
2. Verify that substrate is sound, dry, smooth, clean, sloped for drainage, and securely 

anchored. 
3. Verify that air- or water-resistant barriers have been installed over sheathing or backing 

substrate to prevent air infiltration or water penetration. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 UNDERLAYMENT INSTALLATION 

A. Synthetic Underlayment: Install synthetic underlayment, wrinkle free, according to 
manufacturers' written instructions, and using adhesive where possible to minimize use of 
mechanical fasteners under sheet metal. 

B. Self-Adhering Sheet Underlayment: Install self-adhering sheet underlayment, wrinkle free. 
Prime substrate if recommended by underlayment manufacturer. Comply with temperature 
restrictions of underlayment manufacturer for installation; use primer for installing 
underlayment at low temperatures. Apply in shingle fashion to shed water, with end laps of not 
less than 6 inches  staggered 24 inches between courses. Overlap side edges not less than 3-1/2 
inches. Roll laps and edges with roller. Cover underlayment within 14 days. 

3.3 INSTALLATION, GENERAL 

A. General: Anchor sheet metal flashing and trim and other components of the Work securely in 
place, with provisions for thermal and structural movement. Use fasteners, solder, protective 
coatings, separators, sealants, and other miscellaneous items as required to complete sheet metal 
flashing and trim system. 

1. Install sheet metal flashing and trim true to line, levels, and slopes. Provide uniform, neat 
seams with minimum exposure of solder, welds, and sealant. 
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2. Install sheet metal flashing and trim to fit substrates and to result in watertight 
performance. Verify shapes and dimensions of surfaces to be covered before fabricating 
sheet metal. 

3. Space cleats not more than 12 inches apart. Attach each cleat with at least two fasteners. 
Bend tabs over fasteners. 

4. Install exposed sheet metal flashing and trim with limited oil canning, and free of 
buckling and tool marks. 

5. Torch cutting of sheet metal flashing and trim is not permitted. 
6. Do not use graphite pencils to mark metal surfaces. 

B. Metal Protection: Where dissimilar metals contact each other, or where metal contacts pressure-
treated wood or other corrosive substrates, protect against galvanic action or corrosion by 
painting contact surfaces with bituminous coating or by other permanent separation as 
recommended by sheet metal manufacturer or cited sheet metal standard. 

1. Coat concealed side of uncoated-aluminum and stainless-steel sheet metal flashing and 
trim with bituminous coating where flashing and trim contact wood, ferrous metal, or 
cementitious construction. 

2. Underlayment: Where installing sheet metal flashing and trim directly on cementitious or 
wood substrates, install underlayment and cover with slip sheet. 

C. Expansion Provisions: Provide for thermal expansion of exposed flashing and trim. Space 
movement joints at maximum of 10 feet with no joints within 24 inches of corner or 
intersection. 

1. Form expansion joints of intermeshing hooked flanges, not less than 1 inch deep, filled 
with sealant concealed within joints. 

2. Use lapped expansion joints only where indicated on Drawings. 

D. Conceal fasteners and expansion provisions where possible in exposed work and locate to 
minimize possibility of leakage. Cover and seal fasteners and anchors as required for a tight 
installation. 

E. Seal joints as required for watertight construction. 

1. Use sealant-filled joints unless otherwise indicated. Embed hooked flanges of joint 
members not less than 1 inch into sealant. Form joints to completely conceal sealant. 
When  ambient  temperature  at  time  of  installation  is  between  40  and  70  deg  F,  set  joint  
members for 50 percent movement each way. Adjust setting proportionately for 
installation at higher ambient temperatures. Do not install sealant-type joints at 
temperatures below 40 deg F. 

2. Prepare joints and apply sealants to comply with requirements in Section 079200 "Joint 
Sealants." 

3.4 ROOF-DRAINAGE SYSTEM INSTALLATION 

A. General: Install sheet metal roof-drainage items to produce complete roof-drainage system 
according to cited sheet metal standard unless otherwise indicated. Coordinate installation of 
roof perimeter flashing with installation of roof-drainage system. 
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B. Parapet Scuppers: Continuously support scupper, set to correct elevation, and seal flanges to 
interior wall face, over cants or tapered edge strips, and under roofing membrane. 

1. Anchor scupper closure trim flange to exterior wall and solder to scupper. 
2. Loosely lock front edge of scupper with conductor head. 

3.5 ROOF FLASHING INSTALLATION 

A. General: Install sheet metal flashing and trim to comply with performance requirements and 
cited sheet metal standard. Provide concealed fasteners where possible, and set units true to line, 
levels, and slopes. Install work with laps, joints, and seams that are permanently watertight and 
weather resistant. 

B. Roof Edge Flashing: Anchor to resist uplift and outward forces according to recommendations 
in cited sheet metal standard unless otherwise indicated. Interlock bottom edge of roof edge 
flashing with continuous cleat anchored to substrate at staggered 3-inch centers. 

C. Roof Edge Flashing: Anchor to resist uplift and outward forces according to recommendations 
in FM Global Property Loss Prevention Data Sheet 1-49 for FM Approvals' listing for required 
windstorm classification. 

D. Roof-Penetration Flashing: Coordinate installation of roof-penetration flashing with installation 
of  roofing and other  items penetrating roof.  Seal  with sealant  and clamp flashing to pipes that  
penetrate roof. 

3.6 WALL FLASHING INSTALLATION 

A. General: Install sheet metal wall flashing to intercept and exclude penetrating moisture 
according to cited sheet metal standard unless otherwise indicated. Coordinate installation of 
wall flashing with installation of wall-opening components such as windows, doors, and 
louvers. 

B. Opening Flashings in Frame Construction: Install continuous head, sill, jamb, and similar 
flashings to extend 4 inches beyond wall openings. 

3.7 ERECTION TOLERANCES 

A. Installation Tolerances: Shim and align sheet metal flashing and trim within installed tolerance 
of 1/4 inch in 20 feet on slope and location lines indicated on Drawings and within 1/8-inch 
offset of adjoining faces and of alignment of matching profiles. 

B. Installation Tolerances: Shim and align sheet metal flashing and trim within installed tolerances 
specified in MCA's "Guide Specification for Residential Metal Roofing." 
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3.8 CLEANING AND PROTECTION 

A. Clean exposed metal surfaces of substances that interfere with uniform oxidation and 
weathering. 

B. Clean off excess sealants. 

C. Remove temporary protective coverings and strippable films as sheet metal flashing and trim 
are installed unless otherwise indicated in manufacturer's written installation instructions. On 
completion of sheet metal flashing and trim installation, remove unused materials and clean 
finished surfaces as recommended by sheet metal flashing and trim manufacturer. Maintain 
sheet metal flashing and trim in clean condition during construction. 

D. Replace sheet metal flashing and trim that have been damaged or that have deteriorated beyond 
successful repair by finish touchup or similar minor repair procedures. 

END OF SECTION 076200 
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SECTION 099113 - EXTERIOR PAINTING 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes surface preparation and the application of paint systems on exterior substrates. 
1. Gypsum board. 

1.3 DEFINITIONS 

A. MPI Gloss Level 1: Not more than five units at 60 degrees and 10 units at 85 degrees, according 
to ASTM D 523. 

B. MPI Gloss Level 3: 10 to 25 units at 60 degrees and 10 to 35 units at 85 degrees, according to 
ASTM D 523. 

C. MPI  Gloss  Level  4:  20  to  35  units  at  60  degrees  and  not  less  than  35  units  at  85  degrees,  
according to ASTM D 523. 

D. MPI Gloss Level 5: 35 to 70 units at 60 degrees, according to ASTM D 523. 

E. MPI Gloss Level 6: 70 to 85 units at 60 degrees, according to ASTM D 523. 

F. MPI Gloss Level 7: More than 85 units at 60 degrees, according to ASTM D 523. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. Include preparation requirements and application 
instructions. 

1. Include printout of current "MPI Approved Products List" for each product category 
specified, with the proposed product highlighted. 

2. Indicate VOC content. 

B. Samples for Initial Selection: For each type of topcoat product. 

C. Samples for Verification: For each type of paint system and each color and gloss of topcoat. 

1. Submit Samples on rigid backing, 8 inches square. 
2. Apply coats on Samples in steps to show each coat required for system. 
3. Label each coat of each Sample. 
4. Label each Sample for location and application area. 
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D. Product  List:  Cross-reference  to  paint  system  and  locations  of  application  areas.  Use  same  
designations indicated on Drawings and in schedules. Include color designations. 

1.5 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials, from the  same  product  run,  that  match  products  installed  and  that  are  
packaged with protective covering for storage and identified with labels describing contents. 

1. Paint: 5 percent, but not less than 1 gal. of each material and color applied. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Store materials not in use in tightly covered containers in well-ventilated areas with ambient 
temperatures continuously maintained at not less than 45 deg F. 

1. Maintain containers in clean condition, free of foreign materials and residue. 
2. Remove rags and waste from storage areas daily. 

1.7 FIELD CONDITIONS 

A. Apply paints only when temperature of surfaces to be painted and ambient air temperatures are 
between 50 and 95 deg F. 

B. Do not  apply paints  in  snow, rain,  fog,  or  mist;  when relative humidity exceeds 85 percent;  at  
temperatures less than 5 deg F above the dew point; or to damp or wet surfaces. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Products: Subject to compliance with requirements, available products that may be incorporated 
into the Work include, but are not limited to products listed in the Exterior Painting Schedule 
for the paint category indicated. 

2.2 PAINT, GENERAL 

A. MPI Standards: Products shall comply with MPI standards indicated and shall be listed in its 
"MPI Approved Products Lists." 

B. Material Compatibility: 

1. Materials for use within each paint system shall be compatible with one another and 
substrates indicated, under conditions of service and application as demonstrated by 
manufacturer, based on testing and field experience. 

2. For each coat in a paint system, products shall be recommended in writing by topcoat 
manufacturers for use in paint system and on substrate indicated. 
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C. Colors: To match color and texture of adjacent architectural cast in place concrete.. 

2.3 SOURCE QUALITY CONTROL 

A. Testing of Paint Materials: Owner reserves the right to invoke the following procedure: 

1. Owner  will  engage  the  services  of  a  qualified  testing  agency  to  sample  paint  materials.  
Contractor will be notified in advance and may be present when samples are taken. If 
paint materials have already been delivered to Project site, samples may be taken at 
Project site. Samples will be identified, sealed, and certified by testing agency. 

2. Testing agency will perform tests for compliance with product requirements. 
3. Owner may direct Contractor to stop applying paints if test results show materials being 

used do not comply with product requirements. Contractor shall remove noncomplying 
paint  materials  from  Project  site,  pay  for  testing,  and  repaint  surfaces  painted  with  
rejected materials. Contractor will be required to remove rejected materials from 
previously painted surfaces if, on repainting with complying materials, the two paints are 
incompatible. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions, with Applicator present, for compliance with requirements 
for maximum moisture content and other conditions affecting performance of the Work. 

B. Maximum Moisture Content of Substrates: When measured with an electronic moisture meter 
as follows: 
1. Gypsum Board: 12 percent. 

C. Exterior Gypsum Board Substrates: Verify that finishing compound is sanded smooth. 

D. Verify suitability of substrates, including surface conditions and compatibility, with existing 
finishes and primers. 

E. Proceed with coating application only after unsatisfactory conditions have been corrected. 

1. Application of coating indicates acceptance of surfaces and conditions. 

3.2 PREPARATION 

A. Comply with manufacturer's written instructions and recommendations in "MPI Architectural 
Painting Specification Manual" applicable to substrates and paint systems indicated. 

B. Remove hardware, covers, plates, and similar items already in place that are removable and are 
not to be painted. If removal is impractical or impossible because of size or weight of item, 
provide surface-applied protection before surface preparation and painting. 
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1. After completing painting operations, use workers skilled in the trades involved to 
reinstall items that were removed. Remove surface-applied protection. 

C. Clean substrates of substances that could impair bond of paints, including dust, dirt, oil, grease, 
and incompatible paints and encapsulants. 

1. Remove incompatible primers and reprime substrate with compatible primers or apply tie 
coat as required to produce paint systems indicated. 

3.3 APPLICATION 

A. Apply paints per manufacturer's written instructions and recommendations in "MPI 
Architectural Painting Specification Manual." 

1. Use applicators and techniques suited for paint and substrate indicated. 
2. Paint surfaces behind movable items same as similar exposed surfaces. Before final 

installation, paint surfaces behind permanently fixed items with prime coat only. 
3. Paint both sides and edges of exterior doors and entire exposed surface of exterior door 

frames. 
4. Paint entire exposed surface of window frames and sashes. 
5. Do not paint over labels of independent testing agencies or equipment name, 

identification, performance rating, or nomenclature plates. 
6. Primers specified in painting schedules may be omitted on items that are factory primed 

or factory finished if acceptable to topcoat manufacturers. 

B. Tint  undercoats  same  color  as  topcoat,  but  tint  each  undercoat  a  lighter  shade  to  facilitate  
identification of each coat if multiple coats of same material are to be applied. Provide sufficient 
difference in shade of undercoats to distinguish each separate coat. 

C. If undercoats or other conditions show through topcoat, apply additional coats until cured film 
has a uniform paint finish, color, and appearance. 

D. Apply paints to produce surface films without cloudiness, spotting, holidays, laps, brush marks, 
roller tracking, runs, sags, ropiness, or other surface imperfections. Cut in sharp lines and color 
breaks. 

3.4 FIELD QUALITY CONTROL 

A. Dry Film Thickness Testing: Owner may engage the services of a qualified testing and 
inspecting agency to inspect and test paint for dry film thickness. 

1. Contractor shall touch up and restore painted surfaces damaged by testing. 
2. If  test  results  show that  dry  film  thickness  of  applied  paint  does  not  comply  with  paint  

manufacturer's written recommendations, Contractor shall pay for testing and apply 
additional coats as needed to provide dry film thickness that complies with paint 
manufacturer's written recommendations. 
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3.5 CLEANING AND PROTECTION 

A. At end of each workday, remove rubbish, empty cans, rags, and other discarded materials from 
Project site. 

B. After completing paint application, clean spattered surfaces. Remove spattered paints by 
washing, scraping, or other methods. Do not scratch or damage adjacent finished surfaces. 

C. Protect work of other trades against damage from paint application. Correct damage to work of 
other trades by cleaning, repairing, replacing, and refinishing, as approved by Architect, and 
leave in an undamaged condition. 

D. At completion of construction activities of other trades, touch up and restore damaged or 
defaced painted surfaces. 

3.6 EXTERIOR PAINTING SCHEDULE 

A. Exterior Gypsum Board Substrates: 

1. Exterior Latex System: 

a. Prime Coat: Primer, latex for exterior wood (reduced). 

b. Intermediate Coat: Latex, exterior, matching topcoat. 
c. Topcoat: Latex, exterior, flat (MPI Gloss Level 1). 

END OF SECTION 099113 
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SECTION 129300 - SITE FURNISHINGS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Division 100 General Provisions of the Delaware Department of Transportation “Standard 
Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard 
Construction Details” dated 2001, including all revisions up to the date of advertisement, apply 
to this section. 

1.2 SUMMARY 

A. Section Includes: 

1. Seating. 
2. Bicycle racks. 
3. Trash receptacles. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Samples: For each exposed product and for each color and texture specified. 

C. Samples  for  Verification:  For  each  type  of  exposed  finish,  not  less  than  6-inch  long  linear  
components and 4-inch- square sheet components. 

D. Product Schedule: For site furnishings. 

1.4 CLOSEOUT SUBMITTALS 

A. Maintenance Data: For site furnishings to include in maintenance manuals. 

PART 2 - PRODUCTS 

2.1 SEATING  

A. Basis of Design: Landscape Forms, Inc. Plexus, Backless Bench with end and intermediate arm 
rests. 

B. Frame: Steel. 

C. Seat: 
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1. Material: 
a. Steel: Wire Mesh.. 

2. Seat Height: Manufacturer’s standard. 
3. Seat Surface Shape:  Contoured or dished. 
4. Overall Width: As indicated. 
5. Overall Depth: As indicated. 

a. Arm Material: Match frame. 

D. Steel Finish: Powder coated. 

1. Color: As selected by Architect from manufacturer's full range. 

2.2 BICYCLE RACKS Horizontal 

A. Basis of Design: Landscape Forms, Inc. Compact CBR4SC. 

B. Bicycle Rack Construction: 

1. Frame: Steel. 

2. Style: Double-side parking. 
a. Capacity: As indicated in drawings. 

3. Security: Designed to lock wheel and frame. 
4. Installation Method: Manufacturer’s standard. 

C. Steel Finish: Galvanized. 

2.3 BICYCLE RACKS Vertical 

A. Basis of Design: Landscape Forms, Inc. Compact BR2101. 

B. Bicycle Rack Construction: 

1. Frame: Steel. 

2. Style: Double-side parking. 
a. Capacity: As indicated in drawings. 

3. Security: Designed to lock wheel and frame. 
4. Installation Method: Manufacturer’s standard. 

2.4 BICYCLE RACKS Repair Station 

A. Basis of Design: Landscape Forms, Inc. BBRS01 

B. Bicycle Rack Construction: 
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PART 3 - EXECUTION 

3.1 EARTHWORK 

A. Comply with requirements in Section 312000 "Earth Moving" for excavating, trenching, and 
backfilling. 

3.2 PIPING INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of domestic 
water piping. Indicated locations and arrangements are used to size pipe and calculate friction 
loss, expansion, and other design considerations. Install piping as indicated unless deviations to 
layout are approved on coordination drawings. 

B. Install copper tubing under building slab according to CDA's "Copper Tube Handbook." 

C. Install ductile-iron piping under building slab with restrained joints according to AWWA C600 
and AWWA M41. 

D. Install underground copper tube and ductile-iron pipe in PE encasement according to 
ASTM A 674 or AWWA C105/A21.5. 

E. Install shutoff valve, hose-end drain valve, strainer, pressure gage, and test tee with valve inside 
the building at each domestic water-service entrance. Comply with requirements for pressure 
gages in Section 220519 "Meters and Gages for Plumbing Piping" and with requirements for 
drain valves and strainers in Section 221119 "Domestic Water Piping Specialties." 

F. Install shutoff valve immediately upstream of each dielectric fitting. 

G. Install water-pressure-reducing valves downstream from shutoff valves. Comply with 
requirements for pressure-reducing valves in Section 221119 "Domestic Water Piping 
Specialties." 

H. Install domestic water piping level without pitch and plumb. 

I. Rough-in domestic water piping for water-meter installation according to utility company's 
requirements. 

J. Install piping concealed from view and protected from physical contact by building occupants 
unless otherwise indicated and except in equipment rooms and service areas. 

K. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated 
otherwise. 

L. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal, and 
coordinate with other services occupying that space. 

M. Install piping to permit valve servicing. 
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3) Wilkins. 
4) Zurn Industries, LLC. 

b. Description: 

1) Standard: ASSE 1079. 
2) Pressure Rating:  125 psig minimum at 180 deg F. 
3) End Connections: Solder-joint copper alloy and threaded ferrous. 

3. Dielectric Flanges: 

a. Manufacturers: Subject to compliance with requirements, provide products by one 
of the following: 

1) Capitol Manufacturing Company. 
2) Watts; a Watts Water Technologies company. 
3) Wilkins. 
4) Zurn Industries, LLC. 

b. Description: 

1) Standard: ASSE 1079. 
2) Factory-fabricated, bolted, companion-flange assembly. 
3) Pressure Rating:  125 psig minimum at 180 deg F. 
4) End Connections: Solder-joint copper alloy and threaded ferrous; threaded 

solder-joint copper alloy and threaded ferrous. 

4. Dielectric-Flange Insulating Kits: 

a. Manufacturers: Subject to compliance with requirements, provide products by one 
of the following: 

1) Advance Products & Systems, Inc. 
2) Calpico, Inc. 
3) Pipeline Seal and Insulator, Inc. 

b. Description: 

1) Nonconducting materials for field assembly of companion flanges. 
2) Pressure Rating:  150 psig. 
3) Gasket: Neoprene or phenolic. 
4) Bolt Sleeves: Phenolic or polyethylene. 
5) Washers: Phenolic with steel backing washers. 

PART 3 - EXECUTION 

3.1 EARTH MOVING 

A. Comply with requirements for excavating, trenching, and backfilling specified in 
Section 312000 "Earth Moving." 
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b. Fernco Inc. 
c. Tyler Pipe; a subsidiary of McWane Inc. 

2. Standards: ASTM C 1277 and CISPI 310. 
3. Description: Stainless-steel corrugated shield with stainless-steel bands and tightening 

devices; and ASTM C 564, rubber sleeve with integral, center pipe stop. 

C. Cast-Iron, Hubless-Piping Couplings: 

1. Manufacturers: Subject to compliance with requirements, provide products by the 
following: 

a. MG Piping Products Company. 

2. Standard: ASTM C 1277. 
3. Description: Two-piece ASTM A 48/A 48M, cast-iron housing; stainless-steel bolts and 

nuts; and ASTM C 564, rubber sleeve with integral, center pipe stop. 

PART 3 - EXECUTION 

3.1 EARTH MOVING 

A. Comply with requirements for excavating, trenching, and backfilling specified in 
Section 312000 "Earth Moving." 

3.2 PIPING INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems. Indicated locations and arrangements were used to size pipe and calculate friction loss, 
expansion, pump sizing, and other design considerations. Install piping as indicated unless 
deviations from layout are approved on coordination drawings. 

B. Install piping in concealed locations unless otherwise indicated and except in equipment rooms 
and service areas. 

C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated 
otherwise. 

D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 

E. Install piping to permit valve servicing. 

F. Install piping at indicated slopes. 

G. Install piping free of sags and bends. 

H. Install fittings for changes in direction and branch connections. 
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4. Cast-epoxy-resin sheath seal kit with wraparound mold and packaged, two-part, epoxy-
resin casting material. 

C. Shielded-Cable Terminations: Comply with the following classes of IEEE 48. Insulation class 
shall be equivalent to that of cable. Include shield ground strap for shielded cable terminations. 

1. Class 1 Terminations: Modular type, furnished as a kit, with stress-relief tube; multiple, 
molded-silicone-rubber, insulator modules; shield ground strap; and compression-type 
connector. 

2. Class 1 Terminations: Heat-shrink type with heat-shrink inner stress control and outer 
nontracking tubes; multiple, molded, nontracking skirt modules; and compression-type 
connector. 

3. Class  1  Terminations:  Modular  type,  furnished  as  a  kit,  with  stress-relief  shield  
terminator; multiple-wet-process, porcelain, insulator modules; shield ground strap; and 
compression-type connector. 

4. Class 1 Terminations, Indoors: Kit with stress-relief tube, nontracking insulator tube, 
shield ground strap, compression-type connector, and end seal. 

5. Class 2 Terminations, Indoors: Kit with stress-relief tube, nontracking insulator tube, 
shield ground strap, and compression-type connector. Include silicone-rubber tape; cold-
shrink-rubber sleeve; or heat-shrink, plastic-sleeve moisture seal for end of insulation 
whether or not supplied with kits. 

6. Class 3 Terminations: Kit with stress cone and compression-type connector. 

2.5 SEPARABLE INSULATED CONNECTORS 

A. Description: Modular system, complying with IEEE 386, with disconnecting, single-pole, cable 
terminators and with matching, stationary, plug-in, dead-front terminals designed for cable 
voltage and for sealing against moisture. 

B. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. 3M. 
2. TE Connectivity Ltd. 
3. Thomas & Betts Corporation; A Member of the ABB Group. 

C. Terminations at Distribution Points: Modular type, consisting of terminators installed on cables 
and modular, dead-front, terminal junctions for interconnecting cables. 

D. Load-Break Cable Terminators: Elbow-type units with 200-A-load make/break and continuous-
current rating; coordinated with insulation diameter, conductor size, and material of cable being 
terminated. Include test point on terminator body that is capacitance coupled. 

E. Dead-Break Cable Terminators: Elbow-type unit with 600-A continuous-current rating; 
designed for de-energized disconnecting and connecting; coordinated with insulation diameter, 
conductor size, and material of cable being terminated. Include test point on terminator body 
that is capacitance coupled. 

F. Dead-Front Terminal Junctions: Modular bracket-mounted groups of dead-front stationary 
terminals that mate and match with above cable terminators. Two-, three-, or four-terminal units 
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Division 100 General Provisions of the Delaware Department of Transportation “Standard 
Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard 
Construction Details” dated 2001, including all revisions up to the date of advertisement, apply 
to this section. 

1.2 SUMMARY 

A. Section Includes: 

1. Copper building wire rated 600 V or less. 
2. Aluminum building wire rated 600 V or less. 
3. Metal-clad cable, Type MC, rated 600 V or less. 
4. Armored cable, Type AC, rated 600 V or less. 
5. Photovoltaic cable, Type PV, rated 2000 V or less. 
6. Mineral-insulated cable, Type MI, rated 600 V or less. 
7. Connectors, splices, and terminations rated 600 V and less. 

B. Related Requirements: 

1. Section 260513 "Medium-Voltage Cables" for single-conductor and multiconductor 
cables, cable splices, and terminations for electrical distribution systems with 601 to 
35,000 V. 

1.3 DEFINITIONS 

A. PV: Photovoltaic. 

B. RoHS: Restriction of Hazardous Substances. 

C. VFC: Variable-frequency controller. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For manufacturer's authorized service representative. 
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B. Field quality-control reports. 

1.6 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Member company of NETA. 

1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing. 

PART 2 - PRODUCTS 

2.1 COPPER BUILDING WIRE 

A. Description: Flexible, insulated and uninsulated, drawn copper current-carrying conductor with 
an overall insulation layer or jacket, or both, rated 600 V or less. 

B. Manufacturers: Subject to compliance with requirements, provide products by the following 
provide products by one of the following available manufacturers offering products that may be 
incorporated into the Work include, but are not limited to, the following: 

1. Alpha Wire Company. 
2. Belden Inc. 
3. Southwire Company. 

C. Standards: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and use. 

2. RoHS compliant. 
3. Conductor and Cable Marking: Comply with wire and cable marking according to UL's 

"Wire and Cable Marking and Application Guide." 

D. Conductors: Copper, complying with ASTM B 3 for bare annealed copper and with ASTM B 8 
for stranded conductors. 

E. Conductor Insulation: 

1. Type NM: Comply with UL 83 and UL 719. 
2. Type RHH and Type RHW-2: Comply with UL 44. 
3. Type USE-2 and Type SE: Comply with UL 854. 
4. Type TC-ER: Comply with NEMA WC 70/ICEA S-95-658 and UL 1277. 
5. Type THHN and Type THWN-2: Comply with UL 83. 
6. Type THW and Type THW-2: Comply with NEMA WC-70/ICEA S-95-658 and UL 83. 
7. Type UF: Comply with UL 83 and UL 493. 
8. Type XHHW-2: Comply with UL 44. 
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2.2 METAL-CLAD CABLE, TYPE MC 

A. Description: A factory assembly of one or more current-carrying insulated conductors in an 
overall metallic sheath. 

B. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Alpha Wire Company. 
2. Belden Inc. 
3. Southwire Company. 

C. Standards: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and use. 

2. Comply with UL 1569. 
3. RoHS compliant. 
4. Conductor and Cable Marking: Comply with wire and cable marking according to UL's 

"Wire and Cable Marking and Application Guide." 

D. Circuits: 

1. Single circuit and multicircuit with color-coded conductors. 
2. Power-Limited Fire-Alarm Circuits: Comply with UL 1424. 

E. Conductors:  Copper, complying with ASTM B 3 for bare annealed copper and with ASTM B 8 
for stranded conductors. 

F. Ground Conductor:  Insulated. 

G. Conductor Insulation: 

1. Type TFN/THHN/THWN-2: Comply with UL 83. 
2. Type XHHW-2: Comply with UL 44. 

H. Armor:  Aluminum, interlocked. 

I. Jacket: PVC applied over armor. 

2.3 ARMORED CABLE, TYPE AC 

A. Description: A factory assembly of insulated current-carrying conductors with or without an 
equipment grounding conductor in an overall metallic sheath. 

B. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Alpha Wire Company. 
2. Belden Inc. 
3. Southwire Company. 
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C. Standards: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and use. 

2. RoHS compliant. 
3. Comply with UL 4. 
4. Conductor and Cable Marking: Comply with wire and cable marking according to UL's 

"Wire and Cable Marking and Application Guide." 

D. Circuits: 

1. Single circuit and multicircuit with color-coded conductors. 
2. Power-Limited Fire-Alarm Circuits: Comply with UL 1424. 

E. Conductors:  Copper, complying with ASTM B 3 for bare annealed copper and with ASTM B 8 
for stranded conductors. 

F. Ground Conductor:  Insulated. 

G. Conductor Insulation: Type THHN/THWN-2. Comply with UL 83. 

H. Armor:  Aluminum, interlocked. 

2.4 PHOTOVOTAIC CABLE, TYPE PV 

A. Description: Flexible, insulated and uninsulated, drawn copper current-carrying conductor with 
an overall insulation layer or jacket, or both, rated 600 V. 

B. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Encore Wire Corporation. 
2. Service Wire Co. 
3. Southwire Company. 

C. Standards: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and use. 

2. RoHS compliant. 
3. Conductor and Cable Marking: Comply with wire and cable marking according to UL's 

"Wire and Cable Marking and Application Guide." 

D. Conductors: Copper, complying with ASTM B 3 for bare annealed copper and with ASTM B 8 
for stranded conductors. 

E. Conductor Insulation: Comply with UL 44 and UL 4703. 
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2.5 CONNECTORS AND SPLICES 

A. Description: Factory-fabricated connectors and splices of size, ampacity rating, material, type, 
and class for application and service indicated; listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and use. 

B. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. 3M Electrical Products. 
2. O-Z/Gedney; a brand of Emerson Industrial Automation. 
3. Thomas & Betts Corporation; A Member of the ABB Group. 

PART 3 - EXECUTION 

3.1 CONDUCTOR MATERIAL APPLICATIONS 

A. Feeders: Copper; solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 

B. Branch Circuits: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and 
larger. 

C. VFC Output Circuits Cable: Extra-flexible stranded for all sizes. 

D. Power-Limited Fire Alarm and Control: Solid for No. 12 AWG and smaller. 

E. PV Circuits:  Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 

3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND 
WIRING METHODS 

A. Service Entrance:  Type THHN/THWN-2, single conductors in raceway. 

B. Exposed Feeders:  Type THHN/THWN-2, single conductors in raceway. 

C. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type THHN/THWN-2, 
single conductors in raceway. 

D. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground:  
Type THHN/THWN-2, single conductors in raceway. 

E. Exposed Branch Circuits, Including in Crawlspaces:  Type THHN/THWN-2, single conductors 
in raceway, Armored cable, Type AC, Metal-clad cable, Type MC. 

F. Branch Circuits Concealed in Ceilings, Walls, and Partitions:  Type THHN/THWN-2, single 
conductors in raceway Armored cable, Type AC, Metal-clad cable, Type MC. 

G. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:  
Type THHN/THWN-2, single conductors in raceway. 
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H. VFC Output Circuits:  Type XHHW-2 in metal conduit. 

I. PV Circuits: Type USE-2 for PV source circuits rated at 600 V or less. 

J. PV Circuits: Type PV for PV source circuits rated at 600 V. 

3.3 INSTALLATION OF CONDUCTORS AND CABLES 

A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated. 

B. Complete raceway installation between conductor and cable termination points according to 
Section 260533 "Raceways and Boxes for Electrical Systems" prior to pulling conductors and 
cables. 

C. Use manufacturer-approved pulling compound or lubricant where necessary; compound used 
must not deteriorate conductor or insulation. Do not exceed manufacturer's recommended 
maximum pulling tensions and sidewall pressure values. 

D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will 
not damage cables or raceway. 

E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and 
follow surface contours where possible. 

F. Support cables according to Section 260529 "Hangers and Supports for Electrical Systems." 

G. Complete cable tray systems installation according to Section 260536 "Cable Trays for 
Electrical Systems" prior to installing conductors and cables. 

3.4 CONNECTIONS 

A. Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values. If manufacturer's torque values are not indicated, use those specified in 
UL 486A-486B. 

B. Make splices, terminations, and taps that are compatible with conductor material and that 
possess equivalent or better mechanical strength and insulation ratings than unspliced 
conductors. 

1. Use oxide inhibitor in each splice, termination, and tap for aluminum conductors. 

C. Wiring at Outlets: Install conductor at each outlet, with at least 6 inches of slack. 

3.5 IDENTIFICATION 

A. Identify and color-code conductors and cables according to Section 260553 "Identification for 
Electrical Systems." 
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B. Identify each spare conductor at each end with identity number and location of other end of 
conductor, and identify as spare conductor. 

3.6 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Install  sleeves  and  sleeve  seals  at  penetrations  of  exterior  floor  and  wall  assemblies.  Comply  
with requirements in Section 260544 "Sleeves and Sleeve Seals for Electrical Raceways and 
Cabling." 

3.7 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 
original fire-resistance rating of assembly according to Section 078413 "Penetration 
Firestopping." 

3.8 FIELD QUALITY CONTROL 

A. Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections. 

B. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

C. Manufacturer's Field Service: Engage a factory-authorized service representative to test and 
inspect components, assemblies, and equipment installations, including connections. 

D. Perform tests and inspections. 

1. After installing conductors and cables and before electrical circuitry has been energized, 
test service entrance and feeder conductors for compliance with requirements. 

2. After installing conductors and cables and before electrical circuitry has been energized, 
test service entrance and feeder conductors and conductors.  

3. Perform each of the following visual and electrical tests: 

a. Inspect exposed sections of conductor and cable for physical damage and correct 
connection according to the single-line diagram. 

b. Test bolted connections for high resistance using one of the following: 

1) A low-resistance ohmmeter. 
2) Calibrated torque wrench. 
3) Thermographic survey. 

c. Inspect compression-applied connectors for correct cable match and indentation. 
d. Inspect for correct identification. 
e. Inspect cable jacket and condition. 
f. Insulation-resistance test on each conductor for ground and adjacent conductors. 

Apply a potential of 500-V dc for 300-V rated cable and 1000-V dc for 600-V 
rated cable for a one-minute duration. 

g. Continuity test on each conductor and cable. 
h. Uniform resistance of parallel conductors. 
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SECTION 260529 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Division 100 General Provisions of the Delaware Department of Transportation “Standard 
Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard 
Construction Details” dated 2001, including all revisions up to the date of advertisement, apply 
to this section. 

1.2 SUMMARY 

A. Section Includes: 

1. Steel slotted support systems. 
2. Aluminum slotted support systems. 
3. Nonmetallic slotted support systems. 
4. Conduit and cable support devices. 
5. Support for conductors in vertical conduit. 
6. Structural steel for fabricated supports and restraints. 
7. Mounting, anchoring, and attachment components, including powder-actuated fasteners, 

mechanical expansion anchors, concrete inserts, clamps, through bolts, toggle bolts, and 
hanger rods. 

8. Fabricated metal equipment support assemblies. 

B. Related Requirements: 

1. Section 260548.16 "Seismic Controls for Electrical Systems" for products and 
installation requirements necessary for compliance with seismic criteria. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual components 
and profiles, and finishes for the following: 

a. Slotted support systems, hardware, and accessories. 
b. Clamps. 
c. Hangers. 
d. Sockets. 
e. Eye nuts. 
f. Fasteners. 
g. Anchors. 
h. Saddles. 
i. Brackets. 
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6. Nonmetallic Coatings: Manufacturer's standard PVC, polyurethane, or polyester coating 
applied according to MFMA-4. 

7. Painted Coatings: Manufacturer's standard painted coating applied according to MFMA-
4. 

8. Protect finishes on exposed surfaces from damage by applying a strippable, temporary 
protective covering before shipping. 

B. Aluminum Slotted Support Systems: Extruded-aluminum channels and angles with minimum 
13/32-inch-diameter holes at a maximum of 8 inches o.c. in at least one surface. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Cooper Industries, Inc. 
b. Thomas & Betts Corporation; A Member of the ABB Group. 
c. Unistrut; Part of Atkore International. 

2. Standard: Comply with MFMA-4 factory-fabricated components for field assembly. 
 

3. Channel Material: 6063-T5 aluminum alloy. 
4. Fittings and Accessories Material: 5052-H32 aluminum alloy. 
5. Channel Width:  Selected for applicable load criteria. 
6. Nonmetallic Coatings: Manufacturer's standard PVC, polyurethane, or polyester coating 

applied according to MFMA-4. 
7. Painted Coatings: Manufacturer's standard painted coating applied according to MFMA-

4. 
8. Protect finishes on exposed surfaces from damage by applying a strippable, temporary 

protective covering before shipping. 

C. Conduit and Cable Support Devices:  Steel hangers, clamps, and associated fittings, designed 
for types and sizes of raceway or cable to be supported. 

D. Support for Conductors in Vertical Conduit: Factory-fabricated assembly consisting of threaded 
body and insulating wedging plug or plugs for nonarmored electrical conductors or cables in 
riser conduits. Plugs shall have number, size, and shape of conductor gripping pieces as 
required to suit individual conductors or cables supported. Body shall be made of malleable 
iron. 

E. Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M steel plates, shapes, 
and bars; black and galvanized. 

F. Mounting, Anchoring, and Attachment Components: Items for fastening electrical items or their 
supports to building surfaces include the following: 

1. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland cement 
concrete, steel, or wood, with tension, shear, and pullout capacities appropriate for 
supported loads and building materials where used. 
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a. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to the following: 

1) Hilti, Inc. 
2) MKT Fastening, LLC. 
3) Simpson Strong-Tie Co., Inc. 

2. Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated steel, for use in 
hardened portland cement concrete, with tension, shear, and pullout capacities 
appropriate for supported loads and building materials where used. 

a. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not 
limited to the following: 

1) B-line, an Eaton business. 
2) Hilti, Inc. 
3) MKT Fastening, LLC. 

3. Concrete Inserts: Steel or malleable-iron, slotted support system units are similar to MSS 
Type 18 units and comply with MFMA-4 or MSS SP-58. 

4. Clamps for Attachment to Steel Structural Elements: MSS SP-58 units are suitable for 
attached structural element. 

5. Through Bolts: Structural type, hex head, and high strength. Comply with ASTM A 325. 
6. Toggle Bolts:  Stainless-steel springhead type. 
7. Hanger Rods: Threaded steel. 

2.3 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES 

A. Description: Welded or bolted structural-steel shapes, shop or field fabricated to fit dimensions 
of supported equipment. 

B. Materials: Comply with requirements in Section 055000 "Metal Fabrications" for steel shapes 
and plates. 

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Comply with the following standards for application and installation requirements of hangers 
and supports, except where requirements on Drawings or in this Section are stricter: 

1. NECA 1. 
2. NECA 101 
3. NECA 102. 
4. NECA 105. 
5. NECA 111. 
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B. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping 
materials and installation for penetrations through fire-rated walls, ceilings, and assemblies. 

C. Comply with requirements for raceways and boxes specified in Section 260533 "Raceways and 
Boxes for Electrical Systems." 

D. Maximum Support Spacing and Minimum Hanger Rod Size for Raceways: Space supports for 
EMT,  IMC,  and  RMC  as  required  by  NFPA  70.  Minimum  rod  size  shall  be  1/4  inch  in  
diameter. 

E. Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted support 
system, sized so capacity can be increased by at least 25 percent in future without exceeding 
specified design load limits. 

1. Secure raceways and cables to these supports with two-bolt conduit clamps. 

F. Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-
1/2-inch and smaller raceways serving branch circuits and communication systems above 
suspended ceilings, and for fastening raceways to trapeze supports. 

3.2 SUPPORT INSTALLATION 

A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this 
article. 

B. Raceway Support Methods: In addition to methods described in NECA 1, EMT, IMC may be 
supported by openings through structure members, according to NFPA 70. 

C. Strength of Support Assemblies: Where not indicated, select sizes of components so strength 
will be adequate to carry present and future static loads within specified loading limits. 
Minimum static design load used for strength determination shall be weight of supported 
components plus 200 lb. 

D. Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor and fasten 
electrical items and their supports to building structural elements by the following methods 
unless otherwise indicated by code: 

1. To Wood: Fasten with lag screws or through bolts. 
2. To New Concrete: Bolt to concrete inserts. 
3. To Masonry: Approved toggle-type bolts on hollow masonry units and expansion anchor 

fasteners on solid masonry units. 
4. To Existing Concrete: Expansion anchor fasteners. 
5. Instead of expansion anchors, powder-actuated driven threaded studs provided with lock 

washers and nuts may be used in existing standard-weight concrete 4 inches thick or 
greater. Do not use for anchorage to lightweight-aggregate concrete or for slabs less than 
4 inches thick. 

6. To Steel:  Welded threaded studs complying with AWS D1.1/D1.1M, with lock washers 
and nuts and Spring-tension clamps. 

7. To Light Steel: Sheet metal screws. 
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SECTION 260533 - RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Division 100 General Provisions of the Delaware Department of Transportation “Standard 
Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard 
Construction Details” dated 2001, including all revisions up to the date of advertisement, apply 
to this section. 

1.2 SUMMARY 

A. Section Includes: 

1. Metal conduits, tubing, and fittings. 
2. Nonmetal conduits, tubing, and fittings. 
3. Metal wireways and auxiliary gutters. 
4. Nonmetal wireways and auxiliary gutters. 
5. Surface raceways. 
6. Boxes, enclosures, and cabinets. 
7. Handholes and boxes for exterior underground cabling. 

B. Related Requirements: 

1. Section 260543 "Underground Ducts and Raceways for Electrical Systems" for exterior 
ductbanks, manholes, and underground utility construction. 

1.3 DEFINITIONS 

A. GRC: Galvanized rigid steel conduit. 

B. IMC: Intermediate metal conduit. 

1.4 ACTION SUBMITTALS 

A. Product Data: For surface raceways, wireways and fittings, floor boxes, hinged-cover 
enclosures, and cabinets. 

B. Shop Drawings: For custom enclosures and cabinets. Include plans, elevations, sections, and 
attachment details. 
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H. LFMC: Flexible steel conduit with PVC jacket and complying with UL 360. 

I. Fittings for Metal Conduit: Comply with NEMA FB 1 and UL 514B. 
1. Fittings for EMT: 

a. Material:  Steel. 
b. Type:  Setscrew. 

2. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated 
for environmental conditions where installed, and including flexible external bonding 
jumper. 

3. Coating for Fittings for PVC-Coated Conduit: Minimum thickness of 0.040 inch, with 
overlapping sleeves protecting threaded joints. 

J. Joint Compound for IMC or GRC: Approved, as defined in NFPA 70, by authorities having 
jurisdiction for use in conduit assemblies, and compounded for use to lubricate and protect 
threaded conduit joints from corrosion and to enhance their conductivity. 

2.2 NONMETALLIC CONDUITS AND FITTINGS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. AFC Cable Systems; a part of Atkore International. 
2. CertainTeed Corporation. 
3. Thomas & Betts Corporation; A Member of the ABB Group. 

B. Listing and Labeling: Nonmetallic conduits, tubing, and fittings shall be listed and labeled as 
defined in NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

C. ENT: Comply with NEMA TC 13 and UL 1653. 

D. RNC:  Type EPC-80-PVC, complying with NEMA TC 2 and UL 651 unless otherwise 
indicated. 

E. Rigid HDPE: Comply with UL 651A. 

F. Coilable HDPE: Preassembled with conductors or cables, and complying with ASTM D 3485. 

G. RTRC: Comply with UL 2515A and NEMA TC 14. 

H. Fittings for ENT and RNC: Comply with NEMA TC 3; match to conduit or tubing type and 
material. 

I. Fittings for LFNC: Comply with UL 514B. 

J. Solvents and Adhesives: As recommended by conduit manufacturer. 
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F. Luminaire Outlet Boxes: Nonadjustable, designed for attachment of luminaire weighing 50 lb. 
Outlet boxes designed for attachment of luminaires weighing more than 50 lb shall be listed and 
marked for the maximum allowable weight. 

G. Paddle Fan Outlet Boxes: Nonadjustable, designed for attachment of paddle fan weighing 70 lb. 

1. Listing and Labeling: Paddle fan outlet boxes shall be listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

H. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1. 

I. Cast-Metal  Access,  Pull,  and  Junction  Boxes:  Comply  with  NEMA  FB  1  and  UL  1773,  cast  
aluminum with gasketed cover. 

J. Box extensions used to accommodate new building finishes shall be of same material as 
recessed box. 

K. Device Box Dimensions:  4 inches square by 2-1/8 inches deep or 4 inches by 2-1/8 inches by 
2-1/8 inches deep. 

L. Gangable boxes are allowed. 

M. Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, Type 1 or Type 3R with 
continuous-hinge cover with flush latch unless otherwise indicated. 

1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard enamel. 
2. Interior Panels: Steel; all sides finished with manufacturer's standard enamel. 

N. Cabinets: 

1. NEMA 250, Type 1 or Type 3R galvanized-steel box with removable interior panel and 
removable front, finished inside and out with manufacturer's standard enamel. 

2. Hinged door in front cover with flush latch and concealed hinge. 
3. Key latch to match panelboards. 
4. Metal barriers to separate wiring of different systems and voltage. 
5. Accessory feet where required for freestanding equipment. 
6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 

2.5 HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND WIRING 

A. General Requirements for Handholes and Boxes: 

1. Boxes and handholes for use in underground systems shall be designed and identified as 
defined in NFPA 70, for intended location and application. 

2. Boxes installed in wet areas shall be listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 
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2.6 SOURCE QUALITY CONTROL FOR UNDERGROUND ENCLOSURES 

A. Handhole and Pull-Box Prototype Test: Test prototypes of handholes and boxes for compliance 
with SCTE 77. Strength tests shall be for specified tier ratings of products supplied. 

1. Tests of materials shall be performed by an independent testing agency. 
2. Strength tests of complete boxes and covers shall be by either an independent testing 

agency or manufacturer. A qualified registered professional engineer shall certify tests by 
manufacturer. 

3. Testing machine pressure gages shall have current calibration certification complying 
with ISO 9000 and ISO 10012 and traceable to NIST standards. 

PART 3 - EXECUTION 

3.1 RACEWAY APPLICATION 

A. Outdoors: Apply raceway products as specified below unless otherwise indicated: 

1. Exposed Conduit:  GRC RNC, Type EPC-80-PVC. 
2. Concealed Conduit, Aboveground:  GRC or EMT. 
3. Underground Conduit: RNC, Type EPC-40-PVC, concrete encased. 
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):  LFMC. 
5. Boxes and Enclosures, Aboveground: NEMA 250, Type 3R. 

B. Indoors: Apply raceway products as specified below unless otherwise indicated: 

1. Exposed, Not Subject to Physical Damage:  EMT. 
2. Exposed and Subject to Severe Physical Damage:  GRC.  

3. Concealed in Ceilings and Interior Walls and Partitions:  EMT. 
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment): FMC, except use LFMC in damp or wet 
locations. 

5. Damp or Wet Locations:  GRC. 
6. Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, Type 4 stainless 

steel in institutional and commercial kitchens and damp or wet locations. 

C. Minimum Raceway Size:  3/4-inch trade size. 

D. Raceway Fittings: Compatible with raceways and suitable for use and location. 

1. Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit fittings unless 
otherwise indicated. Comply with NEMA FB 2.10. 

2. PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for use with this 
type  of  conduit.  Patch  and  seal  all  joints,  nicks,  and  scrapes  in  PVC  coating  after  
installing conduits and fittings. Use sealant recommended by fitting manufacturer and 
apply in thickness and number of coats recommended by manufacturer. 

3. EMT: Use setscrew, steel fittings. Comply with NEMA FB 2.10. 
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1. Use EMT, IMC, or RMC for raceways. 
2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or 

in an enclosure. 

K. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply 
listed compound to threads of raceway and fittings before making up joints. Follow compound 
manufacturer's written instructions. 

L. Coat field-cut threads on PVC-coated raceway with a corrosion-preventing conductive 
compound prior to assembly. 

M. Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating bushings 
to protect conductors including conductors smaller than No. 4 AWG. 

N. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes 
or cabinets. Install bushings on conduits up to 1-1/4-inch trade size and insulated throat metal 
bushings on 1-1/2-inch trade size and larger conduits terminated with locknuts. Install insulated 
throat metal grounding bushings on service conduits. 

O. Install raceways square to the enclosure and terminate at enclosures with locknuts. Install 
locknuts hand tight plus 1/4 turn more. 

P. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in 
the locknut area prior to assembling conduit to enclosure to assure a continuous ground path. 

Q. Cut conduit perpendicular to the length. For conduits 2-inch trade size and larger, use roll cutter 
or a guide to make cut straight and perpendicular to the length. 

R. Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not 
less than 200-lb tensile strength. Leave at least 12 inches of slack at each end of pull wire. Cap 
underground raceways designated as spare above grade alongside raceways in use. 

S. Surface Raceways: 

1. Install surface raceway with a minimum 2-inchradius control at bend points. 
2. Secure surface raceway with screws or other anchor-type devices at intervals not 

exceeding 48 inches and with no less than two supports per straight raceway section. 
Support surface raceway according to manufacturer's written instructions. Tape and glue 
are not acceptable support methods. 

T. Install raceway sealing fittings at accessible locations according to NFPA 70 and fill them with 
listed sealing compound. For concealed raceways, install each fitting in a flush steel box with a 
blank cover  plate  having a  finish similar  to  that  of  adjacent  plates  or  surfaces.  Install  raceway 
sealing fittings according to NFPA 70. 

U. Install devices to seal raceway interiors at accessible locations. Locate seals so no fittings or 
boxes are between the seal  and the following changes of  environments.  Seal  the interior  of  all  
raceways at the following points: 

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated 
spaces. 
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CC. Support boxes of three gangs or more from more than one side by spanning two framing 
members or mounting on brackets specifically designed for the purpose. 

DD. Fasten junction and pull boxes to or support from building structure. Do not support boxes by 
conduits. 

EE. Set metal floor boxes level and flush with finished floor surface. 

FF. Set nonmetallic floor boxes level. Trim after installation to fit flush with finished floor surface. 

3.3 INSTALLATION OF UNDERGROUND CONDUIT 

A. Direct-Buried Conduit: 

1. Excavate trench bottom to provide firm and uniform support for conduit. Prepare trench 
bottom as specified in Section 312000 "Earth Moving" for pipe less than 6 inches in 
nominal diameter. 

2. Install backfill as specified in Section 312000 "Earth Moving." 
3. After installing conduit, backfill and compact. Start at tie-in point, and work toward end 

of conduit run, leaving conduit at end of run free to move with expansion and contraction 
as temperature changes during this process. Firmly hand tamp backfill around conduit to 
provide maximum supporting strength. After placing controlled backfill to within 12 
inches of finished grade, make final conduit connection at end of run and complete 
backfilling with normal compaction as specified in Section 312000 "Earth Moving." 

4. Install manufactured duct elbows for stub-ups at poles and equipment and at building 
entrances through floor unless otherwise indicated. Encase elbows for stub-up ducts 
throughout length of elbow. 

5. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and 
at building entrances through floor. 

a. Couple steel conduits to ducts with adapters designed for this purpose, and encase 
coupling with 3 inches of concrete for a minimum of 12 inches on each side of the 
coupling. 

b. For stub-ups at equipment mounted on outdoor concrete bases and where conduits 
penetrate building foundations, extend steel conduit horizontally a minimum of 60 
inches from edge of foundation or equipment base. Install insulated grounding 
bushings on terminations at equipment. 

6. Warning Planks: Bury warning planks approximately 12 inches above direct-buried 
conduits but a minimum of 6 inches below grade. Align planks along centerline of 
conduit. 

7. Underground Warning Tape: Comply with requirements in Section 260553 
"Identification for Electrical Systems." 

3.4 INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES 

A. Install handholes and boxes level and plumb and with orientation and depth coordinated with 
connecting conduits to minimize bends and deflections required for proper entrances. 
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SECTION 260543 - UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Division 100 General Provisions of the Delaware Department of Transportation “Standard 
Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard 
Construction Details” dated 2001, including all revisions up to the date of advertisement, apply 
to this section. 

1.2 SUMMARY 

A. Section Includes: 

1. Metal conduits and fittings, including GRC and PVC-coated steel conduit. 
2. Rigid nonmetallic duct. 
3. Flexible nonmetallic duct. 
4. Duct accessories. 
5. Precast concrete handholes. 
6. Polymer concrete handholes and boxes with polymer concrete cover. 
7. Fiberglass handholes and boxes with polymer concrete cover. 
8. Fiberglass handholes and boxes. 
9. High-density plastic boxes. 
10. Precast manholes. 
11. Cast-in-place manholes. 
12. Utility structure accessories. 

1.3 DEFINITIONS 

A. Direct Buried: Duct or a duct bank that is buried in the ground, without any additional casing 
materials such as concrete. 

B. Duct: A single duct or multiple ducts. Duct may be either installed singly or as component of a 
duct bank. 

C. Duct Bank: 

1. Two or more ducts installed in parallel, with or without additional casing materials. 
2. Multiple duct banks. 

D. GRC: Galvanized rigid (steel) conduit. 

E. Trafficways: Locations where vehicular or pedestrian traffic is a normal course of events. 
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I. Direct-Buried Wiring Entrance Provisions: Knockouts equipped with insulated bushings or end-
bell  fittings,  selected  to  suit  box  material,  sized  for  wiring  indicated,  and  arranged  for  secure,  
fixed installation in enclosure wall. 

J. Duct Entrance Provisions: Duct-terminating fittings shall mate with entering duct for secure, 
fixed installation in enclosure wall. 

K. Handholes 12 inches wide by 24 inches long and larger shall have factory-installed inserts for 
cable racks and pulling-in irons. 

2.6 FIBERGLASS HANDHOLES AND BOXES WITH POLYMER CONCRETE FRAME AND 
COVER 

A. Description: Sheet-molded, fiberglass-reinforced, polyester resin enclosure joined to polymer 
concrete top ring or frame. 

B. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Carson Industries LLC. 
2. Quazite: Hubbell Power Systems, Inc. 
3. Synertech Moulded Products. 

C. Standard: Comply with SCTE 77. Comply with tier requirements in "Underground Enclosure 
Application" Article. 

D. Color:  Gray. 

E. Configuration: Units shall be designed for flush burial and have integral closed bottom unless 
otherwise indicated. 

F. Cover: Weatherproof, secured by tamper-resistant locking devices and having structural load 
rating consistent with enclosure. 

G. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50. 

H. Cover Legend: Molded lettering, "ELECTRIC." 

I. Direct-Buried Wiring Entrance Provisions: Knockouts equipped with insulated bushings or end-
bell  fittings,  selected  to  suit  box  material,  sized  for  wiring  indicated,  and  arranged  for  secure,  
fixed installation in enclosure wall. 

J. Duct Entrance Provisions: Duct-terminating fittings shall mate with entering duct for secure, 
fixed installation in enclosure wall. 

K. Handholes 12 inches wide by 24 inches long and larger shall have factory-installed inserts for 
cable racks and pulling-in irons. 
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2.7 FIBERGLASS HANDHOLES AND BOXES 

A. Description: Molded of fiberglass-reinforced polyester resin, with covers made of polymer 
concrete. 

B. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Carson Industries LLC. 
2. Christy Concrete Products. 
3. Quazite: Hubbell Power Systems, Inc. 

C. Standard: Comply with SCTE 77. Comply with tier requirements in "Underground Enclosure 
Application" Article. 

D. Color:  Gray. 

E. Configuration: Units shall be designed for flush burial and have integral closed bottom unless 
otherwise indicated. 

F. Cover: Weatherproof, secured by tamper-resistant locking devices and having structural load 
rating consistent with enclosure. 

G. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50. 

H. Cover Legend: Molded lettering, "ELECTRIC." 

I. Direct-Buried Wiring Entrance Provisions: Knockouts equipped with insulated bushings or end-
bell  fittings,  selected  to  suit  box  material,  sized  for  wiring  indicated,  and  arranged  for  secure,  
fixed installation in enclosure wall. 

J. Duct Entrance Provisions: Duct-terminating fittings shall mate with entering duct for secure, 
fixed installation in enclosure wall. 

K. Handholes 12 inches wide by 24 inches long and larger shall have factory-installed inserts for 
cable racks and pulling-in irons. 

2.8 PRECAST MANHOLES 

A. Description: One-piece units and units with interlocking mating sections, complete with 
accessories, hardware, and features. 

B. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Christy Concrete Products. 
2. Oldcastle Precast, Inc. 
3. Utility Vault Co. 

C. Comply with ASTM C 858. 
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B. Manholes:  Precast concrete. 

1. Units Located in Roadways and Other Deliberate Traffic Paths by Heavy or Medium 
Vehicles: H-20 structural load rating according to AASHTO HB 17. 

2. Units Not Located in Deliberate Traffic Paths by Heavy or Medium Vehicles: H-10 load 
rating according to AASHTO HB 17. 

3.4 EARTHWORK 

A. Excavation and Backfill: Comply with Section 312000 "Earth Moving," but do not use heavy-
duty, hydraulic-operated, compaction equipment. 

B. Restoration: Replace area immediately after backfilling is completed or after construction 
vehicle traffic in immediate area is complete. 

C. Restore surface features at areas disturbed by excavation, and re-establish original grades unless 
otherwise indicated. Replace removed sod immediately after backfilling is completed. 

D. Restore areas disturbed by trenching, storing of dirt, cable laying, and other work. Restore 
vegetation and include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, and 
mulching. Comply with Section 329200 "Turf and Grasses" and Section 329300 "Plants." 

E. Cut and patch existing pavement in the path of underground duct, duct bank, and underground 
structures according to "Cutting and Patching" Article in Section 017300 "Execution." 

3.5 DUCT AND DUCT-BANK INSTALLATION 

A. Where indicated on Drawings, install duct, spacers, and accessories into the duct-bank 
configuration shown. Duct installation requirements in this Section also apply to duct bank. 

B. Install duct according to NEMA TCB 2. 

C. Slope: Pitch duct a minimum slope of 1:300 down toward manholes and handholes and away 
from buildings and equipment. Slope duct from a high point between two manholes, to drain in 
both directions. 

D. Curves and Bends: Use 5-degree angle couplings for small changes in direction. Use 
manufactured long sweep bends with a minimum radius of 36 inches, both horizontally and 
vertically, at other locations unless otherwise indicated. 

1. Duct  shall  have  maximum of  two  90  degree  bends  or  the  total  of  all  bends  shall  be  no  
more 180 degrees between pull points. 

E. Joints: Use solvent-cemented joints in duct and fittings and make watertight according to 
manufacturer's written instructions. Stagger couplings so those of adjacent duct do not lie in 
same plane. 

F. Installation Adjacent to High-Temperature Steam Lines: Where duct is installed parallel to 
underground steam lines, perform calculations showing the duct will not be subject to 
environmental temperatures above 40 deg C. Where environmental temperatures are calculated 
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to rise above 40 deg C, and anywhere the duct crosses above an underground steam line, install 
insulation blankets listed for direct burial to isolate the duct bank from the steam line. 

G. End Bell Entrances to Manholes and Concrete and Polymer Concrete Handholes: Use end bells, 
spaced approximately 10 inches o.c. for 5-inch duct, and vary proportionately for other duct 
sizes. 

1. Begin change from regular spacing to end-bell spacing 10 feet from the end bell, without 
reducing duct slope and without forming a trap in the line. 

2. Expansion and Deflection Fittings: Install an expansion and deflection fitting in each duct 
in the area of disturbed earth adjacent to manhole or handhole. Install an expansion fitting 
near the center of all straight line direct-buried duct with calculated expansion of more 
than 3/4 inch. 

3. Grout end bells into structure walls from both sides to provide watertight entrances. 

H. Terminator Entrances to Manholes and Concrete and Polymer Concrete Handholes: Use 
manufactured, cast-in-place duct terminators, with entrances into structure spaced 
approximately 6 inches o.c. for 4-inch duct, and vary proportionately for other duct sizes. 

1. Begin change from regular spacing to terminator spacing 10 feet from the terminator, 
without reducing duct line slope and without forming a trap in the line. 

2. Expansion and Deflection Fittings: Install an expansion and deflection fitting in each duct 
in the area of disturbed earth adjacent to manhole or handhole. Install an expansion fitting 
near the center of all straight line duct with calculated expansion of more than 3/4 inch. 

I. Building Wall Penetrations: Make a transition from underground duct to GRC at least 10 feet 
outside the building wall, without reducing duct line slope away from the building and without 
forming a trap in the line. Use fittings manufactured for RNC-to-GRC transition. Install GRC 
penetrations of building walls as specified in Section 260544 "Sleeves and Sleeve Seals for 
Electrical Raceways and Cabling." 

J. Sealing: Provide temporary closure at terminations of duct with pulled cables. Seal spare duct at 
terminations. Use sealing compound and plugs to withstand at least 15-psig hydrostatic 
pressure. 

K. Pulling Cord: Install 200-lbf-test nylon cord in empty ducts. 

L. Concrete-Encased Ducts and Duct Bank: 

1. Excavate trench bottom to provide firm and uniform support for duct. Prepare trench 
bottoms as specified in Section 312000 "Earth Moving" for pipes less than 6 inches in 
nominal diameter. 

2. Width: Excavate trench 12 inches wider than duct on each side. 
3. Width: Excavate trench 3 inches wider than duct on each side. 
4. Depth: Install so top of duct envelope is at least 24 inches below finished grade in areas 

not subject to deliberate traffic, and at least 30 inches below finished grade in deliberate 
traffic paths for vehicles unless otherwise indicated. 

5. Support duct on duct spacers coordinated with duct size, duct spacing, and outdoor 
temperature. 

6. Spacer Installation: Place spacers close enough to prevent sagging and deforming of duct, 
with not less than four spacers per 20 feet of duct. Place spacers within 24 inches of duct 
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heavy mass of concrete to fall directly onto ducts. Allow concrete to flow around duct 
and rise up in middle, uniformly filling all open spaces. Do not use power-driven 
agitating equipment unless specifically designed for duct-installation application. 

M. Direct-Buried Duct and Duct Bank: 

1. Excavate trench bottom to provide firm and uniform support for duct. Comply with 
requirements in Section 312000 "Earth Moving" for preparation of trench bottoms for 
pipes less than 6 inches in nominal diameter. 

2. Width: Excavate trench 12 inches wider than duct on each side. 
3. Width: Excavate trench 3 inches wider than duct on each side. 
4. Depth:  Install  top  of  duct  at  least  36  inches  below  finished  grade  unless  otherwise  

indicated. 
5. Set elevation of bottom of duct bank below frost line. 
6. Support ducts on duct spacers coordinated with duct size, duct spacing, and outdoor 

temperature. 
7. Spacer Installation: Place spacers close enough to prevent sagging and deforming of duct, 

with not less than four spacers per 20 feet of duct. Place spacers within 24 inches of duct 
ends. Stagger spacers approximately 6 inches between tiers. Secure spacers to earth and 
to ducts to prevent floating during concreting. Tie entire assembly together using fabric 
straps; do not use tie wires or reinforcing steel that may form conductive or magnetic 
loops around ducts or duct groups. 

8. Install  duct  with  a  minimum  of  3  inches  between  ducts  for  like  services  and  6  inches  
between power and communications duct. 

9. Elbows: Install manufactured duct elbows for stub-ups, at building entrances, and at 
changes of direction in duct direction unless otherwise indicated. Encase elbows for stub-
up ducts throughout length of elbow. 

10. Install manufactured GRC elbows for stub-ups, at building entrances, and at changes of 
direction in duct. 

a. Couple RNC duct to GRC with adapters designed for this purpose, and encase 
coupling with 3 inches of concrete. 

b. Stub-ups to Outdoor Equipment: Extend concrete-encased GRC horizontally a 
minimum of 60 inches from edge of base. Install insulated grounding bushings on 
terminations at equipment. 

1) Stub-ups shall be minimum 4 inches above finished floor and minimum 3 
inches from conduit side to edge of slab. 

c. Stub-ups to Indoor Equipment: Extend concrete-encased GRC horizontally a 
minimum of 60 inches from edge of wall. Install insulated grounding bushings on 
terminations at equipment. 

1) Stub-ups shall be minimum 4 inches above finished floor and no less than 3 
inches from conduit side to edge of slab. 

11. After installing first tier of duct, backfill and compact. Start at tie-in point and work 
toward end of duct run, leaving ducts at end of run free to move with expansion and 
contraction as temperature changes during this process. Repeat procedure after placing 
each tier. After placing last tier, hand place backfill to 4 inches over duct and hand tamp. 
Firmly tamp backfill around ducts to provide maximum supporting strength. Use hand 
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tamper only. After placing controlled backfill over final tier, make final duct connections 
at end of run and complete backfilling with normal compaction. Comply with 
requirements in Section 312000 "Earth Moving" for installation of backfill materials. 

a. Place minimum 3 inches of sand as a bed for duct. Place sand to a minimum of 6 
inches above top level of duct. 

b. Place minimum 6 inches of engineered fill above concrete encasement of duct. 

N. Warning Planks: Bury warning planks approximately 12 inches above direct-buried duct, 
placing them 24 inches o.c. Align planks along the width and along the centerline of duct or 
duct bank. Provide an additional plank for each 12-inch increment of duct-bank width over a 
nominal 18 inches. Space additional planks 12 inches apart, horizontally. 

O. Underground-Line Warning Tape: Bury conducting underground line specified in Section 
260553 "Identification for Electrical Systems" no less than 12 inches above all concrete-encased 
duct and duct banks and approximately 12 inches below grade. Align tape parallel to and within 
3 inches of centerline of duct bank. Provide an additional warning tape for each 12-inch 
increment of duct-bank width over a nominal 18 inches. Space additional tapes 12 inches apart, 
horizontally. 

3.6 INSTALLATION OF CONCRETE MANHOLES, HANDHOLES, AND BOXES 

A. Cast-in-Place Manhole Installation: 

1. Finish interior surfaces with a smooth-troweled finish. 
2. Knockouts for Future Duct Connections: Form and pour concrete knockout panels 1-1/2 

to 2 inches thick, arranged as indicated. 
3. Comply with requirements in Section 033000 "Cast-in-Place Concrete" for cast-in-place 

concrete, formwork, and reinforcement. 

B. Precast Concrete Handhole and Manhole Installation: 

1. Comply with ASTM C 891 unless otherwise indicated. 
2. Install units level and plumb and with orientation and depth coordinated with connecting 

duct, to minimize bends and deflections required for proper entrances. 
3. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, 

graded from 1-inch sieve to No. 4 sieve and compacted to same density as adjacent 
undisturbed earth. 

C. Elevations: 

1. Manhole Roof: Install with rooftop at least 15 inches below finished grade. 
2. Manhole Frame: In paved areas and trafficways, set frames flush with finished grade. Set 

other manhole frames 1 inch above finished grade. 
3. Install handholes with bottom below frost line, below grade. 
4. Handhole Covers: In paved areas and trafficways, set surface flush with finished grade. 

Set covers of other handholes 1 inch above finished grade. 
5. Where indicated, cast handhole cover frame integrally with handhole structure. 
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SECTION 260923 - LIGHTING CONTROL DEVICES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Division 100 General Provisions of the Delaware Department of Transportation “Standard 
Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard 
Construction Details” dated 2001, including all revisions up to the date of advertisement, apply 
to this section. 

1.2 SUMMARY 

A. Section Includes: 

1. Time switches. 
2. Photoelectric switches. 
3. Standalone daylight-harvesting switching and dimming controls. 
4. Indoor occupancy and vacancy sensors. 
5. Switchbox-mounted occupancy sensors. 
6. Digital timer light switches. 
7. High-bay occupancy sensors. 
8. Extreme temperature occupancy sensors. 
9. Outdoor motion sensors. 
10. Lighting contactors. 
11. Emergency shunt relays. 

B. Related Requirements: 

1. Section 262726 "Wiring Devices" for wall-box dimmers, non-networkable wall-switch 
occupancy sensors, and manual light switches. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: 

1. Show installation details for the following: 

a. Occupancy sensors. 
b. Vacancy sensors. 

2. Interconnection diagrams showing field-installed wiring. 
3. Include diagrams for power, signal, and control wiring. 
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PART 2 - PRODUCTS 

2.1 TIME SWITCHES 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Cooper Industries, Inc. 
2. Intermatic, Inc. 
3. NSi Industries LLC. 

B. Electronic Time Switches: Solid state, programmable, with alphanumeric display; complying 
with UL 917. 

1. Listed and labeled as defined in NFPA 70 and marked for intended location and 
application. 

2. Contact Configuration:  SPST. 
3. Contact Rating:  30-A inductive or resistive, 240-V ac. 
4. Programs: Eight on-off set points on a 24-hour schedule. 
5. Programs: Two on-off set points on a 24-hour schedule, allowing different set points for 

each day of the week. 
6. Circuitry: Allow connection of a photoelectric relay as substitute for on-off function of a 

program on selected channels. 
7. Astronomic Time:  All channels. 
8. Automatic daylight savings time changeover. 
9. Battery Backup: Not less than seven days reserve, to maintain schedules and time clock. 

C. Electromechanical-Dial Time Switches: Comply with UL 917. 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and application. 

2. Contact Configuration:  SPST. 
3. Contact Rating:  30-A inductive or resistive, 240-V ac. 
4. Circuitry: Allows connection of a photoelectric relay as a substitute for the on-off 

function of a program. 
5. Astronomic time dial. 
6. Eight-Day Program: Uniquely programmable for each weekday and holidays. 
7. Skip-a-day mode. 
8. Wound-spring reserve carryover mechanism to keep time during power failures, 

minimum of 16 hours. 

2.2 OUTDOOR PHOTOELECTRIC SWITCHES 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Cooper Industries, Inc. 
2. Intermatic, Inc. 
3. NSi Industries LLC. 
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SECTION 261216 - DRY-TYPE, MEDIUM-VOLTAGE TRANSFORMERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Division 100 General Provisions of the Delaware Department of Transportation “Standard 
Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard 
Construction Details” dated 2001, including all revisions up to the date of advertisement, apply 
to this section. 

1.2 SUMMARY 

A. Section includes dry-type, medium-voltage transformers, with primary and secondary bushings 
within or without air-terminal enclosures. 

1.3 DEFINITIONS 

A. BAS: Building Automation System. 

B. BIL: Basic Impulse Insulation Level. 

C. VPE: Vacuum Pressure Encapsulation. 

D. VPI: Vacuum Pressure Impregnation. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include rated capacities, operating characteristics, and furnished specialties and 
accessories. 

B. Shop Drawings: For dry-type, medium-voltage transformers. 

1. Include plans and elevations showing major components and features. 

a. Include a plan view and cross section of equipment base, showing clearances, 
manufacturer's recommended workspace, and locations of penetrations for 
grounding and conduits. 

2. Include details of equipment assemblies and indicate dimensions, weights, loads, required 
clearances,  method  of  field  assembly,  components,  and  location  and  size  of  each  field  
connection. 

3. Include single-line diagram. 
4. Include list of materials. 
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5. Include nameplate legends. 

1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawing: 

1. Location plan, showing heavy equipment or truck access paths for maintenance and 
replacement. 

2. Dimensioned concrete base, outline of transformer, conduit entries, and grounding 
equipment locations. 

3. Support locations, type of support, and weight on each support. Locate structural supports 
for structure-supported raceways, cabletrays. 

4. Location of lighting fixtures, sprinkler piping and heads, ducts, and diffusers. 

B. Qualification Data: For testing agency. 

C. Seismic Qualification Certificates: For transformer assembly, accessories, and components, 
from manufacturer. 

1. Basis for Certification: Indicate whether withstand certification is based on actual test of 
assembled components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity, and locate 
and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is based 
and their installation requirements. 

D. Product Certificates: For transformers, signed by product manufacturer. 

E. Source quality-control reports. 

F. Field quality-control reports. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For transformer and accessories to include in emergency, 
operation, and maintenance manuals. 

1.7 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Member company of NETA or an NRTL. 

1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Eaton. 
2. General Electric Company. 
3. Square D; by Schneider Electric. 

2.2 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application. 

B. Comply with IEEE C2. 

C. Comply with IEEE C57.12.01. 

2.3 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: The transformers shall withstand the effects of earthquake motions 
determined according to ASCE/SEI 7. 

1. The term "withstand" means "the transformer will remain in place without separation of 
any parts when subjected to the seismic forces specified and the transformer will be fully 
operational after the seismic event." 

2. Component Importance Factor:  1.5. 
3. Component Amplification Factor:  2.5. 
4. Component Response Modification Factor:  6.0. 

B. Windings Material:  Copper. 

C. Surge Arresters: Comply with IEEE C62.11, Distribution Class; metal-oxide-varistor type, 
connected in each phase of incoming circuit and ahead of any disconnecting device. 

D. Cooling Systems: Comply with IEEE C57.12.01 for cooling class. 

1. Self-Cooled Rating, Class <Insert letters>: <Insert number> kVA. 
2. Future Forced-Air-Cooled Rating, Class <Insert letters>: 

E. Coils Insulation Systems: 

1. Primary  and  secondary  coil  assemblies  shall  be  manufactured  using  polyester  VPI  
system. 

F. Winding Connections: Connection of windings and terminal markings shall comply with 
IEEE C57.12.70. 
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G. Efficiency: Comply with 10 CFR 431, Subpart K. 

H. Bushings shall comply with IEEE C57.19.01 requirements for impulse and low-frequency 
insulation levels. 

I. Tap Changer: External, for de-energized operation. 

J. Enclosure: 

1. Provide with provisions for lifting and anchoring frame to concrete pad. 
2. With an integral skid-mounting frame, suitable to allow skidding or rolling of transformer 

in any direction. 
3. Outdoor Transformer Enclosure Finish: Factory-applied finish in manufacturer's standard 

color, corrosion resistant complying with IEEE C57.12.28. 
4. Indoor Transformer Enclosure Finish: Factory-applied finish in manufacturer's standard 

gray over a rust-inhibiting primer on treated metal surface. 
5. Special Corrosion-Resistant Enclosure Finish: Factory-applied, corrosion-resistant finish 

in manufacturer's standard color that withstands 480 hours of exposure to salt-spray test 
specified in ASTM B 117 without loss of paint or release of adhesion of paint primer coat 
to metal surface in excess of 1/16 inch from test mark. Scribed test mark and test 
evaluation shall be according to ASTM D 1654 with a rating of not less than 7 according 
to Table 1 (Procedure A). Cut edges or otherwise damaged surfaces of hot-dip galvanized 
sheet steel, or mill-galvanized sheet steel shall be coated with a manufacturer's standard 
zinc-rich paint. 

6. Taps: Two 2-1/2-percent, full-capacity taps above and two 2-1/2-percent, full-capacity 
taps below rated voltage. Comply with IEEE C57.12.36 requirements. 

K. Sound level shall comply with requirements of NEMA TR 1. 

L. Capacities and Characteristics: 

1. Enclosure:  Ventilated power transformer, NEMA 250 Type 3R enclosure. 
2. Additional IEEE Standards: Comply with IEEE C57.12.50 IEEE C57.12.55. 
3. Comply with UL 1562 listing requirements. 
4. Service Conditions: The transformers shall be suitable for operation under service 

conditions specified as usual service conditions in IEEE C57.12.01, except for the 
following: 

a. Altitudes above 3,300 feet. 
b. Cooling air or water temperature exceeds limits. 
c. Excessive load current harmonic factor. 
d. Operation above rated voltage or below rated frequency. 
e. Exposure to explosive environments. 
f. Exposure to fumes, vapors, or dust. 
g. Exposure to hot and humid climate or to excessive moisture, including steam, salt 

spray, and dripping water. 
h. Exposure to seismic shock or to abnormal vibration, shock, or tilting. 
i. Exposure to excessively high or low temperatures. 
j. Unusual transportation or storage conditions. 
k. Unusual grounding resistance conditions. 
l. Unusual space limitations. 
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5. Connections: 

a. Primary:  Air-filled terminal cabinet for cable connection. 
b. Secondary:  Air-filled terminal cabinet for cable connection. 

6. Transformer Ratings. 

a. Impedance: Not less than 5.75 percent. 
b. Temperature Rise:  150 deg C. 
c. Coils Connection: 

1) High-Voltage Winding:  Delta. 
2) Low-Voltage Winding:  Wye. 

d. Voltage and BIL Ratings: 

1) Nominal primary phase-to-phase voltage and BIL:  12 400 V, 60 kV. 
2) Nominal secondary voltage and BIL:  480Y/277 V, 10 kV. 

7. Taps: Two 2-1/2-percent, full-capacity taps above and two 2-1/2-percent, full-capacity 
taps below rated voltage. Comply with IEEE C57.12.51 requirements. 

8. Transformer Accessories: 

a. Dial-type analog thermometer with alarm contacts. 
b. At least four stainless-steel ground connection pads. 
c. Provisions for jacking, lifting, and towing. 
d. Machine-engraved nameplate made of anodized aluminum or stainless steel. 

2.4 CONTROL NETWORK 

A. Controllers: Support serial MS/TP and Ethernet IP communications, and able to communicate 
directly via RS-485 serial networks and Ethernet 10Base-T networks as a native device. 

2.5 WARNING LABELS AND SIGNS 

A. Comply with requirements for labels and signs specified in Section 260553 "Identification for 
Electrical Systems." 

1. Warning signs shall be made of baked enamel. 
2. Equipment Identification Labels:  Engraved, laminated-acrylic or -melamine label. 

2.6 SOURCE QUALITY CONTROL 

A. Provide manufacturer's certificate that the transformer design tests comply with 
IEEE C57.12.91. 

B. Perform the following factory-certified routine tests on each transformer 500 kVA and less for 
this Project: 
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1. Turns ratio, polarity, and phase relation on rated voltage connection. 
2. Transformer no-load losses and excitation current at 100 percent of ratings. This test may 

be based on a statistical sample. 
3. Applied voltage and induced voltage. 
4. Partial discharge. 
5. Impedance voltage and load loss at rated current and rated frequency on rated voltage 

connection and at tap extremes. 
6. Temperature rise at minimum and maximum ratings. 
7. Impulse. 
8. Insulation power factor. 
9. Insulation resistance. 
10. Audible sound level. 
11. Short-circuit capability. 
12. Operation of all devices. 
13. Control (auxiliary) and consumption loss data values. 

C. Perform the following factory-certified tests on each transformer 500 kVA and larger for this 
Project. Reports shall comply with the minimum information requirements of IEEE C57.12.01: 

1. Resistance measurements of all windings on rated voltage tap and at tap extremes. 
2. Turns ratio, polarity, and phase relation on rated voltage connection. 
3. Transformer no-load losses and excitation current at 100 percent of ratings. 
4. Impedance voltage and load loss at rated current and rated frequency on rated voltage 

connection and at tap extremes. 
5. Applied voltage and induced voltage. 
6. Partial discharge. 
7. Leak test. 
8. Temperature rise at minimum and maximum ratings. 
9. Impulse. 
10. Insulation power factor. 
11. Insulation resistance. 
12. Audible sound level. 
13. Short-circuit capability. 
14. Operation of all devices. 
15. Control (auxiliary) and consumption loss data values. 

D. Owner will witness required factory tests. Notify Architect at least 14 days before date of tests 
and indicate their approximate duration. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine dry-type, medium-voltage transformers upon delivery. 

1. Upon delivery of transformers and prior to unloading, inspect equipment for any damage 
that may have occurred during shipment or storage. 

Addendum No. 2 
October 13, 2017

toliver
StrikeOut



 T201451604 

 261216 - 7 

2. Verify that tie rods and chains are undamaged and tight, and that all blocking and bracing 
is tight. Verify that there is no evidence of load shifting in transit, and that readings from 
transportation shock recorders, if equipped, are within manufacturer's recommendations. 

3. Verify that there is no indication of external damage and no dents or scratches in doors 
and sill, tank walls, radiators and fins, or termination provisions. 

4. Compare transformers and accessories received with bill of materials to verify that 
shipment is complete. Verify that transformers and accessories conform to manufacturer's 
quotation and shop drawings. If shipment is incomplete or does not comply with Project 
requirements, notify manufacturer in writing immediately. 

5. Unload transformers carefully, observing all packing label warnings and handling 
instructions. 

6. Open termination compartment doors and inspect components for damage or displaced 
parts, loose or broken connections, cracked or chipped insulators, bent mounting flanges, 
dirt or foreign material, and water or moisture. 

B. Handling: 

1. Handle transformers carefully, in accordance with manufacturer recommendations, to 
avoid damage to enclosure, termination compartments, base, frame, and internal 
components. Do not subject transformers to impact, jolting, jarring, or rough handling. 

2. Protect transformer against entrance of dust, rain, and snow. 
3. Transport transformers upright, to avoid internal stresses on core and coil mounting 

assembly and transformer case. 
4. Verify that transformer weights are within rated capacity of handling equipment. 
5. Use only manufacturer-recommended points for lifting, jacking, and pulling. Use all 

lifting lugs when lifting transformers. 
6. Use jacks only at corners of base plate of transformer case. 
7. Use nylon straps of same length to balance and distribute weight when handling 

transformers with a crane. 
8. Use  spreaders  or  a  lifting  beam to  obtain  a  vertical  lift  and  to  protect  transformer  from 

straps bearing against enclosure. Lifting cable pull angles may not be greater than 15 
degrees from vertical. 

9. Exercise care not to damage base structure of case when handling transformer using skids 
or rollers. Use skids to distribute stresses over case base when using rollers under large 
transformers. 

C. Storage: 

1. Store transformers in accordance with manufacturer's recommendations. 
2. Transformers may be stored outdoors. If possible, store transformers at final installation 

locations on concrete pads. If dry concrete surfaces are unavailable, use pallets of 
adequate strength to protect transformers from direct contact with ground. Ensure 
transformer is level. 

3. Ensure that transformer storage location is clean and protected from severe conditions. 
Protect transformers from dirt, water, contamination, and physical damage. Do not store 
transformers in presence of corrosive or explosive gases. Protect transformers from 
weather when stored for more than three months. 

4. Store transformers with compartment doors closed. 
5. Regularly inspect transformers while in storage and maintain documentation of storage 

conditions, noting any discrepancies or adverse conditions. Visually check for rust spots. 
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D. Examine areas and space conditions for compliance with requirements for dry-type, medium-
voltage transformers and other conditions affecting performance of the Work. 

E. Examine roughing-in of conduits and grounding systems to verify the following: 

1. Wiring entries comply with layout requirements. 
2. Entries are within conduit-entry tolerances specified by manufacturer, and no feeders will 

cross section barriers to reach load or line lugs. 

F. Examine walls, floors, roofs, and concrete bases for suitable conditions for transformer 
installation. 

G. Pre-Installation Checks: 

1. Verify removal of any shipping bracing after placement. 

H. Verify that ground connections are in place and that requirements in Section 260526 
"Grounding and Bonding for Electrical Systems" have been met. Maximum ground resistance 
shall be 5 ohms at transformer location. 

I. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install transformers on cast-in-place concrete equipment base(s). Comply with requirements for 
equipment bases and foundations specified in Section 033000 "Cast-in-Place Concrete." 

B. Transformer shall be installed level and plumb and shall tilt less than 1.5 degrees while 
energized. 

C. Comply with requirements for vibration isolation and seismic control devices specified in 
Section 260529 "Hangers and Supports for Electrical Systems" and Section 260548.16 "Seismic 
Controls for Electrical Systems." 

D. Maintain minimum clearances and workspace at equipment according to manufacturer's written 
instructions and NFPA 70. 

3.3 CONNECTIONS 

A. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 
Systems." 

1. At Interior Locations: For grounding to grounding electrodes, use bare copper cable not 
smaller than No. 4/0 AWG. Bond surge arrester and neutrals directly to transformer 
enclosure and then to grounding electrode system with bare copper conductors. Keep 
leads as short as practicable, with no kinks or sharp bends. Make joints in grounding 
conductors and loops by exothermic weld or compression connector. 

2. At Exterior Locations: 
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a. For  counterpoise,  use  tinned  bare  copper  cable  not  smaller  than  No.  4/0  AWG,  
buried not less than 30 inches below grade interconnecting grounding electrodes. 
Bond surge arrester and neutrals directly to transformer enclosure and then to 
grounding electrode system with bare copper conductors. Keep lead lengths as 
short as practicable, with no kinks or sharp bends. 

b. Fence and equipment connections shall not be smaller than No. 4 AWG. Ground 
fence at each gate post and corner post and at intervals not exceeding 10 ft. Bond 
each gate section to fence post using 1/8 by 1 inch tinned flexible braided copper 
strap and clamps. 

c. Make joints in grounding conductors and loops by exothermic weld or 
compression connector. 

3. Terminate all grounding and bonding conductors on a common equipment grounding 
terminal on transformer enclosure. Install supplemental terminal bars, lugs, and bonding 
jumpers as required to accommodate number of conductors for termination. 

4. Complete transformer tank grounding and lightning arrester connections prior to making 
any other electrical connections. 

B. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables." 

1. Maintain air clearances between energized live parts and between live parts and ground 
for exposed connections in accordance with manufacturer recommendations. 

2. Bundle associated phase, neutral, and equipment grounding conductors together within 
transformer enclosure. Arrange conductors such that there is not excessive strain that 
could cause loose connections. Allow adequate slack for expansion and contraction of 
conductors. 

C. Terminate medium-voltage cables in incoming section of substations according to 
Section 260513 "Medium-Voltage Cables." 

3.4 SIGNS AND LABELS 

A. Comply with installation requirements for labels and signs specified in Section 260553 
"Identification for Electrical Systems." 

B. Install warning signs as required to comply with 29 CFR 1910.269. 

3.5 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections. 

B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and 
inspect components, assemblies, and equipment installations, including connections. 

C. Perform the following tests and inspections: 

1. General Field-Testing Requirements: 
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a. Comply with provisions of NFPA 70B, Ch. "Testing and Test Methods." 
b. Perform each visual and mechanical inspection and electrical test. Certify 

compliance with test parameters. 
c. After installing transformer but before primary is energized, verify that grounding 

system at substation is tested at specified value or less. 
d. After installing transformer and after electrical circuitry has been energized, test 

for compliance with requirements. 
e. Visual and Mechanical Inspection: 

1) Verify equipment nameplate data complies with Contract Documents. 
2) Inspect bolted electrical connections for high resistance using one of the 

following two methods: 

a) Use a low-resistance ohmmeter to compare bolted connection 
resistance values to values of similar connections. Investigate values 
that deviate from those of similar bolted connections by more than 50 
percent of lowest value. 

b) Verify tightness of accessible bolted electrical connections by 
calibrated torque-wrench method according to manufacturer's 
published data or NETA ATS, Table 100.12. Bolt-torque levels shall 
be according to manufacturer's published data. In absence of 
manufacturer's published data, use NETA ATS, Table 100.12. 

f. Remove and replace malfunctioning units and retest. 
g. Prepare test and inspection reports. Record as-left set points of all adjustable 

devices. 

2. Medium-Voltage Surge Arrester Field Tests: 

a. Visual and Mechanical Inspection: 

1) Inspect physical and mechanical condition. 
2) Inspect anchorage, alignment, grounding, and clearances. 
3) Verify arresters are clean. 
4) Verify that ground lead on each device is individually attached to a ground 

bus or ground electrode. 
5) Verify that stroke counter is correctly mounted and electrically connected if 

applicable. Record stroke counter reading. 

b. Electrical Test: 

1) Perform an insulation-resistance test on each arrester, phase terminal-to-
ground. Apply voltage according to manufacturer's published data. In the 
absence of manufacturer's published data, comply with NETA ATS, Table 
100.1. Replace units that fail to meet recommended minimum insulation 
resistance listed in that table. 

2) Perform a watts-loss test. Evaluate watts-loss values by comparison with 
similar units and test equipment manufacturer's published data. 

3. Dry-Type Transformer Field Tests: 
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a. Visual and Mechanical Inspection: 

1) Test dew point of tank gases if applicable. 
2) Inspect anchorage, alignment, and grounding. 
3) Verify that resilient mounts are free and that any shipping brackets have 

been removed. 
4) Verify bushings are clean. 
5) Verify that alarm, control, and trip settings on temperature and level 

indicators are set and operate within manufacturer's recommended settings. 
6) Verify that cooling fans operate correctly and have appropriate overcurrent 

protection. 
7) Perform specific inspections and mechanical tests recommended by 

manufacturer. 
8) Verify that as-left tap connections are as specified. 

b. Electrical Tests: 

1) Perform insulation-resistance tests winding-to-winding and each winding-
to-ground. Apply voltage according to manufacturer's published data. In the 
absence of manufacturer's published data, comply with NETA ATS, Table 
100.5. Calculate polarization index; the value of the index shall not be less 
than 1.0. 

2) Perform power-factor or dissipation-factor tests on all windings according to 
test equipment manufacturer's published data. 

3) Perform a power-factor or dissipation-factor tip-up test on windings greater 
than 2.5 kV. 

4) Perform turns-ratio tests at tap positions. Turns-ratio test results shall not 
deviate by more than one-half percent from either adjacent coils or 
calculated ratio. If test fails, replace transformer. 

5) Perform an excitation-current test on each phase. The typical excitation-
current test data pattern for a three-legged core transformer is two similar 
current readings and one lower current reading. Investigate and correct if 
test shows a different pattern. 

6) Measure resistance of each winding at each tap connection, and record 
temperature-corrected winding-resistance values in Operations and 
Maintenance Manual. 

7) Perform an applied-voltage test on high- and low-voltage windings-to-
ground. Comply with IEEE C57.12.91 provisions for field-deployed 
dielectric teats. Measurements shall be made only when voltage and current 
have  reached  a  stable  value.  Test  shall  be  discontinued  immediately  in  the  
event the current begins to increase without stabilizing. Record test values in 
Operations and Maintenance Manual. 

8) Verify correct secondary voltage, phase-to-phase and phase-to-neutral, after 
energization and prior to loading. 

3.6 FOLLOW-UP SERVICE 

A. Voltage Monitoring and Adjusting: After Substantial Completion, if requested by Owner, but 
not more than six months after Final Acceptance, perform the following voltage monitoring: 
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1. During a period of normal load cycles as evaluated by Owner, perform seven days of 
three-phase voltage recording at the outgoing section of each transformer. Use voltmeters 
with calibration traceable to the National Institute of Science and Technology standards 
and with a chart speed of not less than 1 inch per hour. Voltage unbalance greater than 
1 percent between phases, or deviation of any phase voltage from the nominal value by 
more than plus or minus 5 percent during test period, is unacceptable. 

2. Corrective Action: If test results are unacceptable, perform the following corrective 
action, as appropriate: 

a. Adjust transformer taps. 
b. Prepare written request for voltage adjustment by electric utility. 

3. Retests: Repeat monitoring, after corrective action is performed, until satisfactory results 
are obtained. 

4. Report: 

a. Prepare a written report covering monitoring performed and corrective action 
taken. 

B. Infrared Inspection: Perform survey during periods of maximum possible loading. Remove all 
necessary covers prior to inspection. 

1. After Substantial Completion, but not more than 60 days after Final Acceptance, perform 
infrared inspection of transformer's electrical power connections. 

2. Instrument: Inspect distribution systems with imaging equipment capable of detecting a 
minimum temperature difference of 1 deg C at 30 deg C. 

3. Record of Infrared Inspection: Prepare a certified report that identifies testing technician 
and equipment used, and lists results as follows: 

a. Description of equipment to be tested. 
b. Discrepancies. 
c. Temperature difference between area of concern and reference area. 
d. Probable cause of temperature difference. 
e. Areas inspected. Identify inaccessible and unobservable areas and equipment. 
f. Identify load conditions at time of inspection. 
g. Provide photographs and thermograms of deficient area. 

4. Act on inspection results according to recommendations of NETA ATS, Table 100.18. 
Correct possible and probable deficiencies as soon as Owner's operations permit. Retest 
until deficiencies are corrected. 

3.7 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain systems. 

END OF SECTION 261216 
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SECTION 262713 - ELECTRICITY METERING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Division 100 General Provisions of the Delaware Department of Transportation “Standard 
Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard 
Construction Details” dated 2001, including all revisions up to the date of advertisement, apply 
to this section. 

1.2 SUMMARY 

A. Section includes work to accommodate utility company revenue meters, and Owner's electricity 
meters used to manage the electrical power system. 

1.3 DEFINITIONS 

A. KY  or  KYZ  Pulse:  Term  used  by  the  metering  industry  to  describe  a  method  of  measuring  
consumption of electricity (kWh) that is based on a relay opening and closing in response to the 
rotation of the disk in the meter. Electronic meters generate pulses electronically. 

1.4 ACTION SUBMITTALS 

A. Product Data: 

1. For each type of meter. 
2. For metering infrastructure components. 
3. For metering software. 

B. Shop Drawings: For electricity-metering equipment. 

1. Include elevation views of front panels of control and indicating devices and control 
stations. 

2. Include diagrams for power, signal, and control wiring. 
3. Wire Termination Diagrams and Schedules: Include diagrams for power, signal, and 

control wiring. Identify terminals and wiring designations and color-codes to facilitate 
installation, operation, and maintenance. Indicate recommended types, wire sizes, and 
circuiting arrangements for field-installed wiring, and show circuit protection features. 
Differentiate between manufacturer-installed and field-installed wiring. 

4. Include series-combination rating data for modular meter centers with main disconnect 
device. 

5. Block Diagram: Show interconnections between components specified in this Section and 
devices furnished with power distribution system components. Indicate data 
communication paths and identify networks, data buses, data gateways, concentrators, 

Addendum No. 2 
October 13, 2017

toliver
StrikeOut



 T201451604 

 262713 - 2 

and other devices used. Describe characteristics of network and other data 
communication lines. 

1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Submit evidence that meters are compatible with connected monitoring 
and control devices and systems . 

1. Show interconnecting signal and control wiring, and interface devices to show 
compatibility of meters. 

2. For reporting and billing interfaces and adapters, list network protocols and provide 
statements from manufacturers that input and output devices comply with interoperability 
requirements of the protocol. 

B. Qualification Data: For testing agency. 

C. Field quality-control reports. 

D. Sample Warranty: For special warranty. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: In addition to items specified in Section 017823 "Operation 
and Maintenance Data," include the following: 

1. Application and operating software documentation. 
2. Software licenses. 
3. Software service agreement. 
4. Device address list. 
5. Hard copies of manufacturer's operating specifications, user's guides for software and 

hardware, and PDF files on a USB storage device of hard-copy Submittal. 
6. Meter data sheet for each meter, listing nameplate data and serial number, accuracy 

certification, and test results. 
7. Meter installation and billing software startup report. 

1.7 FIELD CONDITIONS 

A. Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities 
occupied by Owner or others unless permitted under the following conditions and then only 
after arranging to provide temporary electrical service according to requirements indicated: 

1.  Construction Manager shall be notified and issued written permission no fewer than two 
days in advance of proposed interruption of electrical service. 

1.8 QUALITY ASSURANCE 

A. Testing Agency Qualifications: An NRTL. 
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1.9 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace components of metering equipment 
that fail in materials or workmanship within specified warranty period. 

1. Failures include, but are not limited to, the following: 

a. Damage from transient voltage surges. 

2. Warranty  Period:  Cost  to  repair  or  replace  any  parts  for  two  years  from  date  of  
Substantial Completion. 

3. Extended Warranty Period: Cost of replacement parts (materials only, f.o.b. the nearest 
shipping point to Project site), for eight years, that failed in service due to transient 
voltage surges. 

1.10 COORDINATION 

A. Electrical Service Connections: 

1. Coordinate with utility companies and utility-furnished components. 

a. Comply with requirements of utility providing electrical power services. 
b. Coordinate installation and connection of utilities and services, including provision 

for electricity-metering components. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application. 

B. Comply with UL 916. 

2.2 UTILITY METERING INFRASTRUCTURE 

A. Install metering accessories furnished by the utility company, complying with its requirements. 

B. Utility-Furnished Meters: Connect data transmission facility of metering equipment installed by 
the Utility. 

1. Data Transmission: Transmit pulse data over control-circuit conductors, classified as 
Class 1 per NFPA 70, Article 725. Comply with Section 260523 "Control-Voltage 
Electrical Power Cables." 

C. Current-Transformer Cabinets: Comply with requirements of electrical-power utility company. 

D. Meter Sockets: 
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1. Comply with requirements of electrical-power utility company. 
2. Meter Sockets: Steady-state and short-circuit current ratings shall meet indicated circuit 

ratings. 

E. Modular Meter Center: Factory-coordinated assembly of a main service terminal box with lugs 
only, wireways, meter socket modules, and feeder circuit breakers arranged in adjacent vertical 
sections complete with interconnecting buses. 

1. Comply with requirements of utility company for meter center. 

a. Comply with UL 67. 

2. Housing: NEMA 250, Type 3R enclosure. 
3. Meter Socket Rating: Coordinated with connected feeder circuit rating. 
4. Minimum Short-Circuit Rating:  65,000 A symmetrical at rated voltage. 
5. Steady-state and short-circuit current ratings shall have ratings that match connected 

circuit ratings. 
6. Main Disconnect Device: Circuit breaker, series-combination rated for use with 

downstream feeder and branch circuit breakers and having an adjustable magnetic trip 
setting for circuit-breaker frame sizes of 250 A and larger. Comply with requirements in 
Section 262816 "Enclosed Switches and Circuit Breakers." Circuit breakers shall be 
operable from outside the enclosure to disconnect the unit. Configure cover so it can be 
opened only when the disconnect switch is open. 

7. Main Disconnect Device: Fusible switch, UL 98 Type GD, series-combination rated by 
fuse manufacturer to protect downstream feeder and branch circuit breakers. Comply 
with requirements in Section 262816 "Enclosed Switches and Circuit Breakers." Switch 
shall be operable from outside the enclosure to disconnect the unit. Configure cover so 
that it can be opened only when the disconnect switch is open. 

8. Feeder Circuit Breakers: Series-combination-rated molded-case units, rated to protect 
downstream circuit breakers and to house load centers and panelboards that have 22,000-
A interrupting capacity. 

a. Identification: Complying with requirements in Section 260553 "Identification for 
Electrical Systems." 

b. Physical Protection: Tamper resistant, with hasp for padlock. 

9. Surge Protection for Main Disconnect: Factory installed, integrally mounted, UL 1449 
Type 1. Comply with Section 264313 "Surge Protection for Low-Voltage Electrical 
Power Circuits." 

10. Surge Protection at Main Disconnect: Field-mounted external to the device, UL 1449 
Type 2, with integral disconnect and overcurrent protective device. Comply with 
Section 264313 "Surge Protection for Low-Voltage Electrical Power Circuits." 

11. Surge Protection at Main Terminal Box: Factory installed, integrally mounted, UL 1449 
Type 1. Comply with Section 264313 "Surge Protection for Low-Voltage Electrical 
Power Circuits." 

12. Surge Protection at Main Terminal Box: Field-mounted external to the device, UL 1449 
Type 2, with integral disconnect and overcurrent protective device. Comply with 
Section 264313 "Surge Protection for Low-Voltage Electrical Power Circuits." 

F. Arc-Flash Warning Labels; 
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1. Labels: Comply with requirements for "Arc-Flash Warning Labels" in Section 260574 
"Overcurrent Protective Device Arc-Flash Study." Apply a 3-1/2-by-5-inch thermal 
transfer label of high-adhesion polyester for each work location included in the analysis. 

2. Labels: Comply with requirements for "Self-Adhesive Equipment Labels" and "Signs" in 
Section 260553 "Identification for Electrical Systems." Apply a 3-1/2-by-5-inch thermal 
transfer label of high-adhesion polyester for each work location included in the analysis. 
Labels shall be machine printed, with no field-applied markings. 

a. The label shall have an orange header with the wording, "WARNING, ARC-
FLASH HAZARD," and shall include the following information taken directly 
from the arc-flash hazard analysis: 

1) Location designation. 
2) Nominal voltage. 
3) Flash protection boundary. 
4) Hazard risk category. 
5) Incident energy. 
6) Working distance. 
7) Engineering report number, revision number, and issue date. 

2.3 ELECTRICITY METERS 

A. System Description: Able to meter designated activity loads, with or without external alarm, 
control, and communication capabilities, or other optional features. 

B. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Eaton. 
2. General Electric Company. 
3. Square D; by Schneider Electric. 

a. Circuit: 120/240-V ac, 100 A. 

b. Measure: kWh, onboard LED display. 
c. Remote-Reading Options: None. 

C. General Requirements for Meters: 

1. Billing Meters Accuracy:  0.2 percent of reading, complying with ANSI C12.20. 
2. Meters Certification: Certified by as complying with 4 CCR 4027, Article 2.2. 
3. Certify that meters comply with ANSI C12.20 requirements by a laboratory accredited by 

the National Voluntary Laboratory Accreditation Program (NVLAP) of the National 
Institute of Standards and Technology (NIST). The laboratory shall use test equipment 
that is certified annually and is traceable to NIST standards. 

4. Enclosure: Supplied by meter manufacturer, NEMA 250, Type 3R minimum, with 
provisions for locking or sealing. 

5. Identification: Comply with requirements in Section 260553 "Identification for Electrical 
Systems." 

6. Onboard Nonvolatile Data Storage: kWh, until reset. 
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7. Sensors: Current-sensing type, supplied by electronic meter manufacturer, with current or 
voltage output, selected for optimum range and accuracy for meters indicated for this 
application. 

a. Type:  Split and solid core, complying with recommendation of meter 
manufacturer. 

D. kWh Meter: Electronic three-phase meters, measuring electricity use. 

1. Voltage and Phase Configuration: Meter shall be designed for use on circuits with 
voltage rating and phase configuration indicated for its application. 

2. Display: LCD with characters not less than 0.25 inch high, indicating accumulative kWh 
and current kilowatt load. Retain accumulated kWh in a nonvolatile memory, until reset. 

3. Display: Digital electromechanical counter, indicating accumulative kWh. 

E. Current-Transformer Cabinet: Size and configuration as recommended by metering equipment 
manufacturer for use with indicated connected feeder and sensors. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with equipment installation requirements in NECA 1. 

B. Install meters furnished by utility company. Install raceways and equipment according to utility 
company's written instructions. Provide empty conduits for metering leads and extend 
grounding connections as required by utility company. 

C. Install modular meter center according to switchboard installation requirements in NECA 400. 

D. Install arc-flash labels as required by NFPA 70. 

E. Wiring Method: 

1. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors 
and Cables." 

2. Install unshielded, twisted-pair cable for control and signal transmission conductors, 
complying with Section 271513 "Communications Copper Horizontal Cabling." 

3. Minimum conduit size shall be 1/2 inch. 

3.2 IDENTIFICATION 

A. Comply with requirements for identification specified in Section 260553 "Identification for 
Electrical Systems." 

1. Series Combination Warning Label: Self-adhesive labels, with text as required by 
NFPA 70. 
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2. Equipment Identification Labels: Self-adhesive labels with clear protective overlay. For 
residential meters, provide an additional card holder suitable for typewritten card with 
occupant's name. 

3.3 FIELD QUALITY CONTROL 

A. Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections. 

B. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

C. Manufacturer's Field Service: Engage a factory-authorized service representative to test and 
inspect components, assemblies, and equipment installations, including connections. 

D. Perform tests and inspections. 

E. Tests and Inspections: 

1. Equipment and Software Setup: 

a. Set meter date and time clock. 
b. Test, calibrate, and connect pulse metering system. 
c. Set and verify billing demand interval for demand meters. 
d. Report settings and calibration results. 
e. Set up reporting and billing software, insert billing location names and initial 

constant values and variable needed for billing computations. 

2. Connect a load of known kilowatt rating, 1.5 kW minimum, to a circuit supplied by 
metered feeder. 

3. Turn off circuits supplied by metered feeder and secure them in off condition. 
4. Run test load continuously for eight hours minimum, or longer, to obtain a measurable 

meter indication. Use test-load placement and setting that ensures continuous, safe 
operation. 

5. Check and record meter reading at end of test period and compare with actual electricity 
used, based on test-load rating, duration of test, and sample measurements of supply 
voltage at test-load connection. Record test results. 

6. Generate test report and billing for each tenant or activity from the meter reading tests. 

F. Electricity metering will be considered defective if it does not pass tests and inspections. 

G. Prepare test and inspection reports. 

3.4 SOFTWARE SERVICE AGREEMENT 

A. Technical Support: Beginning at Substantial Completion, service agreement shall include 
software support for two years. 

B. Upgrade Service: At Substantial Completion, update software to latest version. Install and 
program software upgrades that become available within two years from date of Substantial 
Completion. Upgrading software shall include operating system and new or revised licenses for 
using software. 
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1. Upgrade Notice: At least 30 days to allow Owner to schedule and access the system and 
to upgrade computer equipment if necessary. 

3.5 DEMONSTRATION 

A.  Train Owner's clerical and maintenance personnel to use, adjust, operate, and maintain the 
electronic metering and billing software. 

END OF SECTION 262713 
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SECTION 263213.14 - DIESEL ENGINE GENERATORS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A.  Division 100 General Provisions of the Delaware Department of Transportation “Standard 
Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard 
Construction Details” dated 2001, including all revisions up to the date of advertisement, apply 
to this section. 

1.2 SUMMARY 

A. Section includes packaged engine generators used to supply non-emergency power, with the 
following features: 

1. Diesel engine. 
2. Diesel fuel-oil system. 
3. Control and monitoring. 
4. Generator overcurrent and fault protection. 
5. Generator, exciter, and voltage regulator. 
6. Load banks. 
7. Outdoor engine generator enclosure. 
8. Remote radiator motors. 
9. Vibration isolation devices. 
10. Finishes. 

B. Related Requirements: 
1. Section 263600 "Transfer Switches" for transfer switches including sensors and relays to 

initiate automatic-starting and -stopping signals for engine generators. 

1.3 DEFINITIONS 

A. Operational Bandwidth: The total variation from the lowest to highest value of a parameter over 
the range of conditions indicated, expressed as a percentage of the nominal value of the 
parameter. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include rated capacities, operating characteristics, electrical characteristics, and furnished 
specialties and accessories. 

2. Include thermal damage curve for generator. 
3. Include time-current characteristic curves for generator protective device. 
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N. Engine Generator Performance: 

1. Steady-State Voltage Operational Bandwidth: 3 percent of rated output voltage from no 
load to full load. 

2. Transient Voltage Performance: Not more than 20 percent variation for 50 percent step-
load increase or decrease. Voltage shall recover and remain within the steady-state 
operating band within three seconds. 

3. Steady-State Frequency Operational Bandwidth: 0.5 percent of rated frequency from no 
load to full load. 

4. Steady-State Frequency Stability: When system is operating at any constant load within 
the rated load, there shall be no random speed variations outside the steady-state 
operational band and no hunting or surging of speed. 

5. Transient Frequency Performance: Less than 5 percent variation for 50 percent step-load 
increase or decrease. Frequency shall recover and remain within the steady-state 
operating band within five seconds. 

6. Output Waveform: At no load, harmonic content measured line to line or line to neutral 
shall not exceed 5 percent total and 3 percent for single harmonics. Telephone influence 
factor, determined according to NEMA MG 1, shall not exceed 50 percent. 

7. Sustained Short-Circuit Current: For a three-phase, bolted short circuit at system output 
terminals, system shall supply a minimum of 250 percent of rated full-load current for not 
less than 10 seconds and then clear the fault automatically, without damage to generator 
system components. 

8. Start Time:  10 seconds. 

O. Engine Generator Performance for Sensitive Loads: 

1. Oversizing generator compared with the rated power output of the engine is permissible 
to meet specified performance. 

a. Nameplate Data for Oversized Generator: Show ratings required by the Contract 
Documents rather than ratings that would normally be applied to generator size 
installed. 

2. Steady-State Voltage Operational Bandwidth: 1 percent of rated output voltage from no 
load to full load. 

3. Transient Voltage Performance: Not more than 10 percent variation for 50 percent step-
load increase or decrease. Voltage shall recover and remain within the steady-state 
operating band within 0.5 second. 

4. Steady-State Frequency Operational Bandwidth: Plus or minus 0.25 percent of rated 
frequency from no load to full load. 

5. Steady-State Frequency Stability: When system is operating at any constant load within 
the rated load, there shall be no random speed variations outside the steady-state 
operational band and no hunting or surging of speed. 

6. Transient Frequency Performance: Less than 2-Hz variation for 50 percent step-load 
increase or decrease. Frequency shall recover and remain within the steady-state 
operating band within three seconds. 

7. Output Waveform: At no load, harmonic content measured line to neutral shall not 
exceed 2 percent total with no slot ripple. Telephone influence factor, determined 
according to NEMA MG 1, shall not exceed 50 percent. 

8. Sustained Short-Circuit Current: For a three-phase, bolted short circuit at system output 
terminals, system shall supply a minimum of 300 percent of rated full-load current for not 
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less than 10 seconds and then clear the fault automatically, without damage to winding 
insulation or other generator system components. 

9. Excitation System: Performance shall be unaffected by voltage distortion caused by 
nonlinear load. 

a. Provide permanent magnet excitation for power source to voltage regulator. 

10. Start Time:  10 seconds. 

P. Parallel Engine Generators: 

1. Automatic reactive output power control and load sharing between engine generators 
operated in parallel. 

2. Automatic regulation, automatic connection to a common bus, and automatic 
synchronization, with manual controls and instruments to monitor and control paralleling 
functions. 

3. Protective relays required for equipment and personnel safety. 
4. Paralleling suppressors to protect excitation systems. 
5. Reverse power protection. 
6. Loss of field protection. 

2.4 DIESEL ENGINE 

A. Fuel: ASTM D 975, diesel fuel oil, Grade 2-D S15. 

B. Rated Engine Speed: 1800 rpm. 

C. Lubrication System: Engine or skid-mounted. 

1. Filter  and  Strainer:  Rated  to  remove  90  percent  of  particles  5  micrometers  and  smaller  
while passing full flow. 

2. Thermostatic Control Valve: Control flow in system to maintain optimum oil 
temperature. Unit shall be capable of full flow and is designed to be fail-safe. 

3. Crankcase Drain: Arranged for complete gravity drainage to an easily removable 
container with no disassembly and without use of pumps, siphons, special tools, or 
appliances. 

D. Jacket Coolant Heater: Electric-immersion type, factory installed in coolant jacket system. 
Comply with UL 499. 

E. Cooling System: Closed loop, liquid cooled, with radiator factory mounted on engine generator 
set mounting frame and integral engine-driven coolant pump. 

1. Coolant: Solution of 50 percent ethylene-glycol-based antifreeze and 50 percent water, 
with anticorrosion additives as recommended by engine manufacturer. 

2. Size of Radiator: Adequate to contain expansion of total system coolant from cold start to 
110 percent load condition. 

3. Expansion Tank: Constructed of welded steel plate and rated to withstand maximum 
closed-loop coolant system pressure for engine used. Equip with gage glass and petcock. 
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4. Temperature Control: Self-contained, thermostatic-control valve modulates coolant flow 
automatically to maintain optimum constant coolant temperature as recommended by 
engine manufacturer. 

5. Coolant Hose: Flexible assembly with inside surface of nonporous rubber and outer 
covering of aging-, UV-, and abrasion-resistant fabric. 

a. Rating: 50-psig (345-kPa) maximum working pressure with coolant at 180 deg F 
(82 deg C), and noncollapsible under vacuum. 

b. End Fittings: Flanges or steel pipe nipples with clamps to suit piping and 
equipment connections. 

F. Cooling System: Closed loop, liquid cooled, with remote radiator and integral engine driven 
coolant pump. Comply with requirements in Section 232113 "Hydronic Piping" for coolant 
piping. 

1. Configuration:  Vertical air discharge. 
2. Radiator Core Tubes:  Aluminum. 
3. Size of Radiator: Adequate to contain expansion of total system coolant from cold start to 

110 percent load condition. 
4. Expansion Tank: Constructed of welded steel plate and rated to withstand maximum 

closed-loop coolant system pressure for engine used. Equip with gage glass and petcock. 
5. Fan: Driven by multiple belts from engine shaft. 
6. Coolant: Solution of 50 percent ethylene-glycol-based antifreeze and 50 percent water, 

with anticorrosion additives as recommended by engine manufacturer. 
7. Temperature Control: Self-contained, thermostatic-control valve modulates coolant flow 

automatically to maintain optimum constant coolant temperature as recommended by 
engine manufacturer. 

G. Muffler/Silencer: Critical type, sized as recommended by engine manufacturer and selected 
with exhaust piping system to not exceed engine manufacturer's engine backpressure 
requirements. 

1. Minimum sound attenuation of 25 dB at 500 Hz. 
2. Sound level measured at a distance of 25 feet (8 m) from exhaust discharge after 

installation is complete shall be 78 dBA or less. 

H. Air-Intake Filter:  Heavy-duty, engine-mounted air cleaner with replaceable dry-filter element 
and "blocked filter" indicator. 

I. Starting System:  12 or 24-V electric, with negative ground. 

1. Components: Sized so they are not damaged during a full engine-cranking cycle with 
ambient temperature at maximum specified in "Performance Requirements" Article. 

2. Cranking Motor: Heavy-duty unit that automatically engages and releases from engine 
flywheel without binding. 

3. Cranking Cycle: 60 seconds. 
4. Battery:  Lead acid, with capacity within ambient temperature range specified in 

"Performance Requirements" Article to provide specified cranking cycle at least three 
times without recharging. 

5. Battery Cable: Size as recommended by engine manufacturer for cable length indicated. 
Include required interconnecting conductors and connection accessories. 
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18. Generator overcurrent-protective-device not-closed alarm. 

M. Supporting Items: Include sensors, transducers, terminals, relays, and other devices and include 
wiring required to support specified items. Locate sensors and other supporting items on engine 
or generator unless otherwise indicated. 

N. Remote Emergency-Stop Switch: Flush; wall mounted unless otherwise indicated; and labeled. 
Push button shall be protected from accidental operation. 

2.7 GENERATOR OVERCURRENT AND FAULT PROTECTION 

A. Overcurrent protective devices shall be coordinated to optimize selective tripping when a short 
circuit occurs. 

B. Generator Circuit Breaker: Molded-case, thermal-magnetic type; 100 percent rated; complying 
with UL 489. 

1. Tripping Characteristic: Designed specifically for generator protection. 
2. Trip Rating: Matched to generator output rating. 
3. Shunt Trip: Connected to trip breaker when engine generator is shut down by other 

protective devices. 
4. Mounting: Adjacent to, or integrated with, control and monitoring panel. 

C. Generator Disconnect Switch: Molded-case type; 100 percent rated. 

1. Trip Rating: Matched to generator output rating. 
2. Shunt Trip: Connected to trip switch when signaled by generator protector or by other 

protective devices. 

D. Generator Protector: Microprocessor-based unit shall continuously monitor current level in each 
phase of generator output, integrate generator heating effect over time, and predict when 
thermal damage of alternator will occur. When signaled by generator protector or other engine 
generator protective devices, a shunt-trip device in the generator disconnect switch shall open 
the switch to disconnect the generator from load circuits. Protector performs the following 
functions: 

1. Initiates a generator overload alarm when generator has operated at an overload 
equivalent  to  110  percent  of  full-rated  load  for  60  seconds.  Indication  for  this  alarm is  
integrated with other engine generator malfunction alarms. Contacts shall be available for 
load shed functions. 

2. Under single- or three-phase fault conditions, regulates generator to 300 percent of rated 
full-load current for up to 10 seconds. 

3. As overcurrent heating effect on the generator approaches the thermal damage point of 
the unit, protector switches the excitation system off, opens the generator disconnect 
device, and shuts down the engine generator. 

4. Senses clearing of a fault by other overcurrent devices and controls recovery of rated 
voltage to avoid overshoot. 
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D. Seismic Design: Comply with seismic requirements in Section 260548.16 "Seismic Controls for 
Electrical Systems." 

E. Fire Protection: Provide fire protection according to Section 211316 "Dry-Pipe Sprinkler 
Systems." Provide smoke detector in enclosure; mounted according to NFPA 72. 

F. Hinged Doors: With padlocking provisions. 

G. Space Heater: Thermostatically controlled and sized to prevent condensation. 

H. Lighting: Provide weather-resistant LED lighting with 30 fc (330 lx) average maintained. 

I. Thermal Insulation: Manufacturer's standard materials and thickness selected in coordination 
with space heater to maintain winter interior temperature within operating limits required by 
engine generator components. 

J. Muffler Location:  Within enclosure. 

K. Engine-Cooling Airflow through Enclosure: Maintain temperature rise of system components 
within  required  limits  when  unit  operates  at  110  percent  of  rated  load  for  two  hours  with  
ambient temperature at top of range specified in system service conditions. 

1. Louvers: Fixed-engine, cooling-air inlet and discharge. Stormproof and drainable louvers 
prevent entry of rain and snow. 

2. Automatic Dampers: At engine cooling-air inlet and discharge. Dampers shall be closed 
to reduce enclosure heat loss in cold weather when unit is not operating. 

3. Ventilation: Provide temperature-controlled exhaust fan interlocked to prevent operation 
when engine is running. 

L. Interior Lights with Switch: Factory-wired, vaporproof luminaires within housing; arranged to 
illuminate controls and accessible interior. Arrange for external electrical connection. 

1. AC lighting system and connection point for operation when remote source is available. 
2. DC lighting system for operation when remote source and generator are both unavailable. 

M. Convenience Outlets: Factory-wired, GFCI. Arrange for external electrical connection. 

2.10 REMOTE RADIATOR MOTORS 

A. Description: NEMA MG 1, Design B, medium-induction, random-wound, squirrel-cage motor. 

B. Efficiency: Energy efficient, as defined in NEMA MG 1. 

C. Service Factor: 1.15. 

D. Bearings: Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading. 

E. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven load will not 
require motor to operate in service factor range above 1.0. 

F. Temperature Rise: Match insulation rating. 
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G. Code Letter Designation: 

1. Motors 15 HP and Larger: NEMA starting Code F or Code G. 
2. Motors Smaller Than 15 HP: Manufacturer's standard starting characteristic. 

H. Enclosure Material: Cast iron for motor frame sizes 324T and larger; rolled steel for motor 
frame sizes smaller than 324T. 

I. Controllers, Electrical Devices, and Wiring: Electrical devices and connections are specified in 
electrical Sections. 

2.11 VIBRATION ISOLATION DEVICES 

A. Elastomeric  Isolator  Pads:  Oil-  and  water-resistant  elastomer  or  natural  rubber,  arranged  in  
single or multiple layers, molded with a nonslip pattern and galvanized-steel baseplates of 
sufficient stiffness for uniform loading over pad area, and factory cut to sizes that match 
requirements of supported equipment. 

1. Material:  Standard neoprene separated by steel shims. 
2. Shore A Scale Durometer Rating:  30. 
3. Number of Layers:  One. 
4. Minimum Deflection:  1 inch (25 mm). 

B. Restrained Spring Isolators: Freestanding, steel, open-spring isolators with seismic restraint. 

1. Housing: Steel with resilient vertical-limit stops to prevent spring extension due to wind 
loads or if weight is removed; factory-drilled baseplate bonded to 1/4-inch- (6-mm-) 
thick, elastomeric isolator pad attached to baseplate underside; and adjustable equipment-
mounting and -leveling bolt that acts as blocking during installation. 

2. Outside Spring Diameter: Not less than 80 percent of compressed height of the spring at 
rated load. 

3. Minimum Additional Travel: 50 percent of required deflection at rated load. 
4. Lateral Stiffness: More than 80 percent of rated vertical stiffness. 
5. Overload Capacity: Support 200 percent of rated load, fully compressed, without 

deformation or failure. 
6. Minimum Deflection:  1 inch (25 mm). 

C. Comply with requirements in Section 232116 "Hydronic Piping Specialties" for vibration 
isolation and flexible connector materials for steel piping. 

D. Comply with requirements in Section 233113 "Metal Ducts" for vibration isolation and flexible 
connector materials for exhaust shroud and ductwork. 

E. Vibration isolation devices shall not be used to accommodate misalignments or to make bends. 

2.12 FINISHES 

A. Indoor and Outdoor Enclosures and Components: Manufacturer's standard finish over 
corrosion-resistant pretreatment and compatible primer. 
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SECTION 263600 - TRANSFER SWITCHES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Division 100 General Provisions of the Delaware Department of Transportation “Standard 
Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard 
Construction Details” dated 2001 2016, including all revisions up to the date of advertisement, 
apply to this section. 

1.2 SUMMARY 

A. Section includes automatic transfer switches rated 600 V and less, including the following: 

1. Bypass/isolation switches. 
2. Remote annunciator system. 
3. Remote annunciator and control system. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual components 
and profiles, and finishes for transfer switches. 

2. Include rated capacities, operating characteristics, electrical characteristics, and 
accessories. 

B. Shop Drawings: 

1. Include plans, elevations, sections, details showing minimum clearances, conductor entry 
provisions, gutter space, and installed features and devices. 

2. Include material lists for each switch specified. 
3. Single-Line Diagram: Show connections between transfer switch, bypass/isolation 

switch, power sources, and load; and show interlocking provisions for each combined 
transfer switch and bypass/isolation switch. 

4. Riser Diagram: Show interconnection wiring between transfer switches, bypass/isolation 
switches, annunciators, and control panels. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For manufacturer-authorized service representative. 

B. Seismic Qualification Certificates: For transfer switches, accessories, and components, from 
manufacturer. 
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L. Neutral Switching: Where four-pole switches are indicated, provide neutral pole switched 
simultaneously with phase poles. 

M. Neutral Terminal: Solid and fully rated unless otherwise indicated. 

N. Oversize Neutral: Ampacity and switch rating of neutral path through units indicated for 
oversize neutral shall be double the nominal rating of circuit in which switch is installed. 

O. Annunciation, Control, and Programming Interface Components: Devices at transfer switches 
for communicating with remote programming devices, annunciators, or annunciator and control 
panels shall have communication capability matched with remote device. 

P. Factory Wiring: Train and bundle factory wiring and label, consistent with Shop Drawings, by 
color-code or by numbered or lettered wire and cable with printed tape markers at terminations. 
Color-coding and wire and cable markers are specified in Section 260553 "Identification for 
Electrical Systems." 

1. Designated  Terminals:  Pressure  type,  suitable  for  types  and  sizes  of  field  wiring  
indicated. 

2. Power-Terminal Arrangement and Field-Wiring Space: Suitable for top, side, or bottom 
entrance of feeder conductors as indicated. 

3. Control Wiring: Equipped with lugs suitable for connection to terminal strips. 
4. Accessible via front access. 

Q. Enclosures: General-purpose NEMA 250, Type 3R, complying with NEMA ICS 6 and UL 508, 
unless otherwise indicated. 

2.2 CONTACTOR-TYPE AUTOMATIC TRANSFER SWITCHES 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

1. Caterpillar, Inc.; Electric Power Division. 
2. Cummins Power Generation. 
3. Eaton. 
4. Emerson Electric Co. 

B. Comply with Level 1 equipment according to NFPA 110. 

C. Switch Characteristics: Designed for continuous-duty repetitive transfer of full-rated current 
between active power sources. 

1. Limitation: Switches using molded-case switches or circuit breakers or insulated-case 
circuit-breaker components are unacceptable. 

2. Switch Action: Double throw; mechanically held in both directions. 
3. Contacts: Silver composition or silver alloy for load-current switching. Contactor-style 

automatic transfer-switch units, rated 600 A and higher, shall have separate arcing 
contacts. 

4. Conductor Connectors: Suitable for use with conductor material and sizes. 
5. Material:  Hard-drawn copper, 98 percent conductivity. 
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6. Main and Neutral Lugs:  Compression type. 
7. Ground Lugs and Bus-Configured Terminators:  Compression type. 
8. Ground bar. 
9. Connectors shall be marked for conductor size and type according to UL 1008. 

D. Automatic Open-Transition Transfer Switches: Interlocked to prevent the load from being 
closed on both sources at the same time. 

1. Sources shall be mechanically and electrically interlocked to prevent closing both sources 
on the load at the same time. 

E. Automatic Delayed-Transition Transfer Switches: Pauses or stops in intermediate position to 
momentarily disconnect both sources, with transition controlled by programming in the 
automatic transfer-switch controller. Interlocked to prevent the load from being closed on both 
sources at the same time. 

1. Adjustable Time Delay: For override of normal-source voltage sensing to delay transfer 
and engine start signals for alternative source. Adjustable from zero to six seconds, and 
factory set for one second. 

2. Sources shall be mechanically and electrically interlocked to prevent closing both sources 
on the load at the same time. 

3. Fully automatic break-before-make operation with center off position. 
4. Fully automatic break-before-make operation with transfer when two sources have near 

zero phase difference. 

F. Automatic Closed-Transition Transfer Switches: Connect both sources to load momentarily. 
Transition is controlled by programming in the automatic transfer-switch controller. 

1. Fully automatic make-before-break operation when transferring between two available 
power sources. 

2. Load transfer without interruption, through momentary interconnection of both power 
sources not exceeding 100 ms. 

3. Initiation of No-Interruption Transfer: Controlled by in-phase monitor and sensors 
confirming both sources are present and acceptable. 

a. Initiation occurs without active control of generator. 
b. Automatic transfer-switch controller takes active control of generator to match 

frequency, phase angle, and voltage. 
c. Controls ensure that closed-transition load transfer closure occurs only when the 

two  sources  are  within  plus  or  minus  5  electrical  degrees  maximum,  and  plus  or  
minus 5 percent maximum voltage difference. 

4. Failure of power source serving load initiates automatic break-before-make transfer. 

G. Manual Switch Operation: Under load, with door closed and with either or both sources 
energized. Transfer time is same as for electrical operation. Control circuit automatically 
disconnects from electrical operator during manual operation. 

H. Manual Switch Operation: Unloaded. Control circuit automatically disconnects from electrical 
operator during manual operation. 
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I. Electric Switch Operation: Electrically actuated by push buttons designated "Normal Source" 
and "Alternative Source." Switch shall be capable of transferring load in either direction with 
either or both sources energized. 

J. Signal-Before-Transfer Contacts: A set of normally open/normally closed dry contacts operates 
in advance of retransfer to normal source. Interval shall be adjustable from 1 to 30 seconds. 

K. Digital Communication Interface: Matched to capability of remote annunciator or annunciator 
and control panel. 

L. Automatic Transfer-Switch Controller Features: 

1. Controller operates through a period of loss of control power. 
2. Undervoltage Sensing for Each Phase of Normal Source: Sense low phase-to-ground 

voltage on each phase. Pickup voltage shall be adjustable from 85 to 100 percent of 
nominal, and dropout voltage shall be adjustable from 75 to 98 percent of pickup value. 
Factory set for pickup at 90 percent and dropout at 85 percent. 

3. Voltage/Frequency Lockout Relay: Prevent premature transfer to generator. Pickup 
voltage shall be adjustable from 85 to 100 percent of nominal. Factory set for pickup at 
90 percent. Pickup frequency shall be adjustable from 90 to 100 percent of nominal. 
Factory set for pickup at 95 percent. 

4. Time  Delay  for  Retransfer  to  Normal  Source:  Adjustable  from zero  to  30  minutes,  and  
factory set for 10 minutes. Override shall automatically defeat delay on loss of voltage or 
sustained undervoltage of emergency source, provided normal supply has been restored. 

5. Test Switch: Simulate normal-source failure. 
6. Switch-Position Pilot Lights: Indicate source to which load is connected. 
7. Source-Available Indicating Lights: Supervise sources via transfer-switch normal- and 

emergency-source sensing circuits. 

a. Normal Power Supervision: Green light with nameplate engraved "Normal Source 
Available." 

b. Emergency Power Supervision: Red light with nameplate engraved "Emergency 
Source Available." 

8. Unassigned Auxiliary Contacts: Two normally open, single-pole, double-throw contacts 
for each switch position, rated 10 A at 240-V ac. 

9. Transfer Override Switch: Overrides automatic retransfer control so transfer switch will 
remain connected to emergency power source regardless of condition of normal source. 
Pilot light indicates override status. 

10. Engine Starting Contacts: One isolated and normally closed, and one isolated and 
normally open; rated 10 A at 32-V dc minimum. 

11. Engine Shutdown Contacts: Instantaneous; shall initiate shutdown sequence at remote 
engine-generator controls after retransfer of load to normal source. 

12. Engine Shutdown Contacts: Time delay adjustable from zero to five minutes, and factory 
set for five minutes. Contacts shall initiate shutdown at remote engine-generator controls 
after retransfer of load to normal source. 

13. Engine-Generator Exerciser: Solid-state, programmable-time switch starts engine 
generator and transfers load to it from normal source for a preset time, then retransfers 
and shuts down engine after a preset cool-down period. Initiates exercise cycle at preset 
intervals adjustable from 7 to 30 days. Running periods shall be adjustable from 10 to 30 
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minutes. Factory settings shall be for 7-day exercise cycle, 20-minute running period, and 
5-minute cool-down period. Exerciser features include the following: 

a. Exerciser Transfer Selector Switch: Permits selection of exercise with and without 
load transfer. 

b. Push-button programming control with digital display of settings. 
c. Integral battery operation of time switch when normal control power is 

unavailable. 

M. Large-Motor-Load Power Transfer: 

1. In-Phase Monitor: Factory-wired, internal relay controls transfer so contacts close only 
when the two sources are synchronized in phase and frequency. Relay shall compare 
phase relationship and frequency difference between normal and emergency sources and 
initiate transfer when both sources are within 15 electrical degrees, and only if transfer 
can be completed within 60 electrical degrees. Transfer shall be initiated only if both 
sources are within 2 Hz of nominal frequency and 70 percent or more of nominal voltage. 

2. Motor Disconnect and Timing Relay Controls: Designated starters in loss of power 
scenario shall disconnect motors before transfer and reconnect them selectively at an 
adjustable time interval after transfer. Control connection to motor starters shall be 
through wiring external to automatic transfer switch. Provide adjustable time delay 
between 1 and 60 seconds for reconnecting individual motor loads. Provide relay contacts 
rated for motor-control circuit inrush and for actual seal currents to be encountered. 

3. Programmed Neutral Switch Position: Switch operator with programmed neutral position 
arranged to provide a midpoint between the two working switch positions, with an 
intentional, time-controlled pause at midpoint during transfer. Adjustable pause from 0.5 
to 30 seconds minimum, and factory set for 0.5 second unless otherwise indicated. Time 
delay occurs for both transfer directions. Disable pause unless both sources are live. 

2.3 MOLDED-CASE-TYPE AUTOMATIC TRANSFER SWITCHES 

A. <Double click here to find, evaluate, and insert list of manufacturers and products.> 

B. Comply with Level 1 equipment according to NFPA 110. 

C. Switch Characteristics: Designed for continuous-duty repetitive transfer of full-rated current 
between active power sources. 

1. Limitation: Switches using contactor-based components are unacceptable. 
2. Switch Action: Double throw; mechanically held in both directions. 
3. Contacts: Silver composition or silver alloy for load-current switching. 
4. Conductor Connectors: Suitable for use with conductor material and sizes. 
5. Material:  Hard-drawn copper, 98 percent conductivity. 
6. Main and Neutral Lugs:  Compression type. 
7. Ground Lugs and Bus-Configured Terminators:  Compression type. 
8. Ground bar. 
9. Connectors shall be marked for conductor size and type according to UL 1008. 

D. Automatic Open-Transition Transfer Switches: Interlocked to prevent the load from being 
closed on both sources at the same time. 
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1. Sources shall be mechanically and electrically interlocked to prevent closing both sources 
on the load at the same time. 

E. Automatic Delayed-Transition Transfer Switches: Pauses or stops in intermediate position to 
momentarily disconnect both sources, with transition controlled by programming in the 
automatic transfer-switch controller. Interlocked to prevent the load from being closed on both 
sources at the same time. 

1. Adjustable Time Delay: For override of normal-source voltage sensing to delay transfer 
and engine start signals for alternative source. Adjustable from zero to six seconds, and 
factory set for one second. 

2. Sources shall be mechanically and electrically interlocked to prevent closing both sources 
on the load at the same time. 

3. Fully automatic break-before-make operation with center off position. 
4. Fully automatic break-before-make operation with transfer when two sources have near 

zero phase difference. 

F. Automatic Closed-Transition Transfer Switches: Connect both sources to load momentarily. 
Transition is controlled by programming in the automatic transfer-switch controller. 

1. Fully automatic make-before-break operation when transferring between two available 
power sources. 

2. Load transfer without interruption, through momentary interconnection of both power 
sources not exceeding 100 ms. 

3. Initiation of No-Interruption Transfer: Controlled by in-phase monitor and sensors 
confirming both sources are present and acceptable. 

a. Initiation occurs without active control of generator. 
b. Automatic transfer-switch controller takes active control of generator to match 

frequency, phase angle, and voltage. 
c. Controls ensure that closed-transition load transfer closure occurs only when the 

two  sources  are  within  plus  or  minus  5  electrical  degrees  maximum,  and  plus  or  
minus 5 percent maximum voltage difference. 

4. Failure of power source serving load initiates automatic break-before-make transfer. 

G. Manual Switch Operation: Under load, with door closed and with either or both sources 
energized. Transfer time is same as for electrical operation. Control circuit automatically 
disconnects from electrical operator during manual operation. 

H. Manual Switch Operation: Unloaded. Control circuit automatically disconnects from electrical 
operator during manual operation. 

I. Electric Switch Operation: Electrically actuated by push buttons designated "Normal Source" 
and "Alternative Source." Switch shall be capable of transferring load in either direction with 
either or both sources energized. 

J. Signal-Before-Transfer Contacts: A set of normally open/normally closed dry contacts operates 
in advance of retransfer to normal source. Interval shall be adjustable from 1 to 30 seconds. 
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K. Digital Communication Interface: Matched to capability of remote annunciator or annunciator 
and control panel. 

L. Transfer Switches Based on Molded-Case-Switch Components: Comply with UL 489 and UL 
869A. 

M. Automatic Transfer-Switch Controller Features: 

1. Controller operates through a period of loss of control power. 
2. Undervoltage Sensing for Each Phase of Normal Source: Sense low phase-to-ground 

voltage on each phase. Pickup voltage shall be adjustable from 85 to 100 percent of 
nominal, and dropout voltage shall be adjustable from 75 to 98 percent of pickup value. 
Factory set for pickup at 90 percent and dropout at 85 percent. 

3. Voltage/Frequency Lockout Relay: Prevent premature transfer to generator. Pickup 
voltage shall be adjustable from 85 to 100 percent of nominal. Factory set for pickup at 
90 percent. Pickup frequency shall be adjustable from 90 to 100 percent of nominal. 
Factory set for pickup at 95 percent. 

4. Time  Delay  for  Retransfer  to  Normal  Source:  Adjustable  from zero  to  30  minutes,  and  
factory set for 10 minutes. Override shall automatically defeat delay on loss of voltage or 
sustained undervoltage of emergency source, provided normal supply has been restored. 

5. Test Switch: Simulate normal-source failure. 
6. Switch-Position Pilot Lights: Indicate source to which load is connected. 
7. Source-Available Indicating Lights: Supervise sources via transfer-switch normal- and 

emergency-source sensing circuits. 

a. Normal Power Supervision: Green light with nameplate engraved "Normal Source 
Available." 

b. Emergency Power Supervision: Red light with nameplate engraved "Emergency 
Source Available." 

8. Unassigned Auxiliary Contacts: Two normally open, single-pole, double-throw contacts 
for each switch position, rated 10 A at 240-V ac. 

9. Transfer Override Switch: Overrides automatic retransfer control so automatic transfer 
switch will remain connected to emergency power source regardless of condition of 
normal source. Pilot light indicates override status. 

10. Engine Starting Contacts: One isolated and normally closed, and one isolated and 
normally open; rated 10 A at 32-V dc minimum. 

11. Engine Shutdown Contacts: Instantaneous; shall initiate shutdown sequence at remote 
engine-generator controls after retransfer of load to normal source. 

12. Engine Shutdown Contacts: Time delay adjustable from zero to five minutes, and factory 
set for five minutes. Contacts shall initiate shutdown at remote engine-generator controls 
after retransfer of load to normal source. 

13. Engine-Generator Exerciser: Solid-state, programmable-time switch starts engine 
generator and transfers load to it from normal source for a preset time, then retransfers 
and shuts down engine after a preset cool-down period. Initiates exercise cycle at preset 
intervals adjustable from 7 to 30 days. Running periods shall be adjustable from 10 to 30 
minutes. Factory settings shall be for 7-day exercise cycle, 20-minute running period, and 
5-minute cool-down period. Exerciser features include the following: 

a. Exerciser Transfer Selector Switch: Permits selection of exercise with and without 
load transfer. 
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b. Push-button programming control with digital display of settings. 
c. Integral battery operation of time switch when normal control power is 

unavailable. 

N. Large-Motor-Load Power Transfer: 

1. In-Phase Monitor: Factory-wired, internal relay controls transfer so contacts close only 
when the two sources are synchronized in phase and frequency. Relay shall compare 
phase relationship and frequency difference between normal and emergency sources and 
initiate transfer when both sources are within 15 electrical degrees, and only if transfer 
can be completed within 60 electrical degrees. Transfer shall be initiated only if both 
sources are within 2 Hz of nominal frequency and 70 percent or more of nominal voltage. 

2. Motor Disconnect and Timing Relay Controls: Designated starters in loss of power 
scenario shall disconnect motors before transfer and reconnect them selectively at an 
adjustable time interval after transfer. Control connection to motor starters shall be 
through wiring external to automatic transfer switch. Provide adjustable time delay 
between 1 and 60 seconds for reconnecting individual motor loads. Provide relay contacts 
rated for motor-control circuit inrush and for actual seal currents to be encountered. 

3. Programmed Neutral Switch Position: Switch operator with programmed neutral position 
arranged to provide a midpoint between the two working switch positions, with an 
intentional, time-controlled pause at midpoint during transfer. Adjustable pause from 0.5 
to 30 seconds minimum, and factory set for 0.5 second unless otherwise indicated. Time 
delay occurs for both transfer directions. Disable pause unless both sources are live. 

2.4 NONAUTOMATIC TRANSFER SWITCHES 

A. <Double click here to find, evaluate, and insert list of manufacturers and products.> 

B. Electrically Operated: Electrically actuated by push buttons designated "Normal Source" and 
"Alternative Source." Switch shall be capable of transferring load in either direction with either 
or both sources energized. 

C. Manual and Electrically Operated: Electrically actuated by push buttons designated "Normal 
Source" and "Alternative Source." Manual handle provides quick-make, quick-break manual-
switching action. Switch shall be capable of electrically or manually transferring load in either 
direction with either or both sources energized. Control circuit disconnects from electrical 
operator during manual operation. 

D. Double-Throw Switching Arrangement: Incapable of pauses or intermediate position stops 
during switching sequence. 

E. Pilot Lights: Indicate source to which load is connected. 

F. Source-Available Indicating Lights: Supervise sources via transfer-switch normal- and 
alternative-source sensing circuits. 

1. Normal Power Supervision: Green light with nameplate engraved "Normal Source 
Available." 

2. Emergency Power Supervision: Red light with nameplate engraved "Alternative Source 
Available." 
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G. Unassigned Auxiliary Contacts: Switch shall have one set of normally closed contacts for each 
switch position, rated 10 A at 240-V ac. 

H. Switch Characteristics: Designed for continuous-duty repetitive transfer of full-rated current 
between active power sources. 

1. Switch Action: Double throw; mechanically held in both directions. 
2. Contacts: Silver composition or silver alloy for load-current switching. 
3. Conductor Connectors: Suitable for use with conductor material and sizes. 
4. Material:  Hard-drawn copper, 98 percent conductivity. 
5. Main and Neutral Lugs:  Compression type. 
6. Ground Lugs and Bus-Configured Terminators:  Compression type. 
7. Ground bar. 
8. Connectors shall be marked for conductor size and type according to UL 1008. 

2.5 TRANSFER SWITCH ACESSORIES 

A. Bypass/Isolation Switches: 

1. Source Limitations: Same manufacturer as transfer switch in which installed. 
2. Comply with requirements for Level 1 equipment according to NFPA 110. 
3. Description: Manual type, arranged to select and connect either source of power directly 

to  load,  isolating  transfer  switch  from  load  and  from  both  power  sources.  Include  the  
following features for each combined automatic transfer switch and bypass/isolation 
switch: 

a. Means to lock bypass/isolation switch in the position that isolates transfer switch 
with an arrangement that permits complete electrical testing of transfer switch 
while isolated. Interlocks shall prevent transfer-switch operation, except for testing 
or maintenance, while automatic transfer switch is isolated. 

b. Provide means to make power available to transfer-switch control circuit for 
testing and maintenance purposes. 

c. Drawout Arrangement for Transfer Switch: Provide physical separation from live 
parts and accessibility for testing and maintenance operations. Transfer switch and 
bypass/isolation switch shall be in isolated compartments. 

d. Transition: Provide closed-transition operation when transferring from main 
transfer switch to bypass/isolation switch on the same power source. 

e. Transition: Provide open-transition operation when transferring between power 
sources. 

f. Bypass/Isolation Switch Current, Voltage, Closing, and Short-Circuit Withstand 
Ratings: Equal to or greater than those of associated automatic transfer switch, and 
with same phase arrangement and number of poles. 

g. Contact temperatures of bypass/isolation switches shall not exceed those of 
automatic transfer-switch contacts when they are carrying rated load. 

h. Manual Control: Constructed so load bypass and transfer-switch isolation can be 
performed by one person in no more than two operations in 15 seconds or less. 
Operating handles shall be externally operated. 

i. Automatic and Nonautomatic Control: Automatic transfer-switch controller shall 
also control the bypass/isolation switch. 
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j. Legend: Manufacturer's standard legend for control labels and instruction signs 
shall describe operating instructions. 

k. Maintainability: Fabricate to allow convenient removal of major components from 
front without removing other parts or main power conductors. 

4. Interconnection of Bypass/Isolation Switches with Automatic Transfer Switches: 
Factory-installed copper bus bars; plated at connection points and braced for the indicated 
available short-circuit current. 

B. Remote Annunciator System: 

1. Source Limitations: Same manufacturer as transfer switch in which installed. 
2. Functional Description: Remote annunciator panel shall annunciate conditions for 

indicated transfer switches. 
3. Annunciation panel display shall include the following indicators: 

a. Sources available, as defined by actual pickup and dropout settings of transfer-
switch controls. 

b. Switch position. 
c. Switch in test mode. 
d. Failure of communication link. 

4. Annunciator Panel: LED-lamp type with audible signal and silencing switch. 

a. Indicating Lights: Grouped for each transfer switch monitored. 
b. Label each group, indicating transfer switch it monitors, location of switch, and 

identity of load it serves. 
c. Mounting: Flush, modular, steel cabinet unless otherwise indicated. 
d. Lamp Test: Push-to-test or lamp-test switch on front panel. 

C. Remote Annunciator and Control System: 

1. Source Limitations: Same manufacturer as transfer switch in which installed. 
2. Include the following functions for indicated transfer switches: 

a. Indication of sources available, as defined by actual pickup and dropout settings of 
transfer-switch controls. 

b. Indication of switch position. 
c. Indication of switch in test mode. 
d. Indication of failure of digital communication link. 
e. Key-switch or user-code access to control functions of panel. 
f. Control of switch-test initiation. 
g. Control of switch operation in either direction. 
h. Control of time-delay bypass for transfer to normal source. 

3. Malfunction of annunciator, annunciation and control panel, or communication link shall 
not affect functions of automatic transfer switch. In the event of failure of communication 
link, automatic transfer switch automatically shall revert to standalone, self-contained 
operation. Automatic transfer-switch sensing, controlling, or operating function shall not 
depend on remote panel for proper operation. 
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4. Remote Annunciation and Control Panel: Solid-state components. Include the following 
features: 

a. Controls and indicating lights grouped together for each transfer switch. 
b. Label each indicating light control group. Indicate transfer switch it controls, 

location of switch, and load it serves. 
c. Digital Communication Capability: Matched to that of transfer switches 

supervised. 
d. Mounting: Flush, modular, steel cabinet unless otherwise indicated. 

2.6 SOURCE QUALITY CONTROL 

A. Factory Tests: Test and inspect components, assembled switches, and associated equipment 
according to UL 1008. Ensure proper operation. Check transfer time and voltage, frequency, 
and time-delay settings for compliance with specified requirements. Perform dielectric strength 
test complying with NEMA ICS 1. 

B. Prepare test and inspection reports. 

1. For each of the tests required by UL 1008, performed on representative devices, for 
standby systems. Include results of test for the following conditions: 

a. Overvoltage. 
b. Undervoltage. 
c. Loss of supply voltage. 
d. Reduction of supply voltage. 
e. Alternative supply voltage or frequency is at minimum acceptable values. 
f. Temperature rise. 
g. Dielectric voltage-withstand; before and after short-circuit test. 
h. Overload. 
i. Contact opening. 
j. Endurance. 
k. Short circuit. 
l. Short-time current capability. 
m. Receptacle withstand capability. 
n. Insulating base and supports damage. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Floor-Mounting Switch: Anchor to floor by bolting. 

1. Install transfer switches on cast-in-place concrete equipment base(s). Comply with 
requirements for equipment bases and foundations specified in Section 033000 "Cast-in-
Place Concrete." 

2. Comply with requirements for seismic control devices specified in Section 260548.16 
"Seismic Controls for Electrical Systems." 
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3. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. 
4. Provide workspace and clearances required by NFPA 70. 

B. Annunciator and Control Panel Mounting: Flush in wall unless otherwise indicated. 

C. Identify components according to Section 260553 "Identification for Electrical Systems." 

D. Set field-adjustable intervals and delays, relays, and engine exerciser clock. 

E. Comply with NECA 1. 

3.2 CONNECTIONS 

A. Wiring to Remote Components: Match type and number of cables and conductors to generator 
sets, control, and communication requirements of transfer switches as recommended by 
manufacturer.  Increase  raceway  sizes  at  no  additional  cost  to  Owner  if  necessary  to  
accommodate required wiring. 

B. Wiring Method: Install cables in raceways and cable trays except within electrical enclosures. 
Conceal raceway and cables except in unfinished spaces. 

1. Comply with requirements for raceways and boxes specified in Section 260533 
"Raceways and Boxes for Electrical Systems." 

C. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points with no excess 
and without exceeding manufacturer's limitations on bending radii. 

D. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 
Systems." 

E. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables." 

F. Connect twisted pair cable according to Section 260523 "Control-Voltage Electrical Power 
Cables." 

G. Connect twisted pair cable according to Section 271513 "Communications Copper Horizontal 
Cabling." 

H. Route and brace conductors according to manufacturer's written instructions and 
Section 260529 "Hangers and Supports for Electrical Systems." Do not obscure manufacturer's 
markings and labels. 

I. Brace and support equipment according to Section 260548.16 "Seismic Controls for Electrical 
Systems." 

J. Final connections to equipment shall be made with liquidtight, flexible metallic conduit no more 
than 18 inches in length. 
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3.3 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections. 

B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and 
inspect components, assemblies, and equipment installations, including connections. 

C. Perform the following tests and inspections with the assistance of a factory-authorized service 
representative: 

1. After installing equipment, test for compliance with requirements according to 
NETA ATS. 

2. Visual and Mechanical Inspection: 

a. Compare equipment nameplate data with Drawings and Specifications. 
b. Inspect physical and mechanical condition. 
c. Inspect anchorage, alignment, grounding, and required clearances. 
d. Verify that the unit is clean. 
e. Verify appropriate lubrication on moving current-carrying parts and on moving 

and sliding surfaces. 
f. Verify that manual transfer warnings are attached and visible. 
g. Verify tightness of all control connections. 
h. Inspect bolted electrical connections for high resistance using one of the following 

methods, or both: 

1) Use of low-resistance ohmmeter. 
2) Verify tightness of accessible bolted electrical connections by calibrated 

torque-wrench method according to manufacturer's published data. 

i. Perform manual transfer operation. 
j. Verify positive mechanical interlocking between normal and alternate sources. 
k. Perform visual and mechanical inspection of surge arresters. 
l. Inspect control power transformers. 

1) Inspect for physical damage, cracked insulation, broken leads, tightness of 
connections, defective wiring, and overall general condition. 

2) Verify that primary and secondary fuse or circuit-breaker ratings match 
Drawings. 

3) Verify correct functioning of drawout disconnecting contacts, grounding 
contacts, and interlocks. 

3. Electrical Tests: 

a. Perform insulation-resistance tests on all control wiring with respect to ground. 
b. Perform a contact/pole-resistance test. Compare measured values with 

manufacturer's acceptable values. 
c. Verify settings and operation of control devices. 
d. Calibrate and set all relays and timers. 
e. Verify phase rotation, phasing, and synchronized operation. 
f. Perform automatic transfer tests. 
g. Verify correct operation and timing of the following functions: 
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1) Normal source voltage-sensing and frequency-sensing relays. 
2) Engine start sequence. 
3) Time delay on transfer. 
4) Alternative source voltage-sensing and frequency-sensing relays. 
5) Automatic transfer operation. 
6) Interlocks and limit switch function. 
7) Time delay and retransfer on normal power restoration. 
8) Engine cool-down and shutdown feature. 

4. Measure insulation resistance phase-to-phase and phase-to-ground with insulation-
resistance tester. Include external annunciation and control circuits. Use test voltages and 
procedure recommended by manufacturer. Comply with manufacturer's specified 
minimum resistance. 

a. Check for electrical continuity of circuits and for short circuits. 
b. Inspect for physical damage, proper installation and connection, and integrity of 

barriers, covers, and safety features. 
c. Verify that manual transfer warnings are properly placed. 
d. Perform manual transfer operation. 

5. After energizing circuits, perform each electrical test for transfer switches stated in 
NETA ATS and demonstrate interlocking sequence and operational function for each 
switch at least three times. 

a. Simulate power failures of normal source to automatic transfer switches and 
retransfer from emergency source with normal source available. 

b. Simulate loss of phase-to-ground voltage for each phase of normal source. 
c. Verify time-delay settings. 
d. Verify pickup and dropout voltages by data readout or inspection of control 

settings. 
e. Test bypass/isolation unit functional modes and related automatic transfer-switch 

operations. 
f. Perform contact-resistance test across main contacts and correct values exceeding 

500 microhms and values for one pole deviating by more than 50 percent from 
other poles. 

g. Verify proper sequence and correct timing of automatic engine starting, transfer 
time delay, retransfer time delay on restoration of normal power, and engine cool-
down and shutdown. 

6. Ground-Fault Tests: Coordinate with testing of ground-fault protective devices for power 
delivery from both sources. 

a. Verify grounding connections and locations and ratings of sensors. 

D. Coordinate tests with tests of generator and run them concurrently. 

E. Report results of tests and inspections in writing. Record adjustable relay settings and measured 
insulation and contact resistances and time delays. Attach a label or tag to each tested 
component indicating satisfactory completion of tests. 

F. Transfer switches will be considered defective if they do not pass tests and inspections. 
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G. Remove and replace malfunctioning units and retest as specified above. 

H. Prepare test and inspection reports. 

I. Infrared Scanning: After Substantial Completion, but not more than 60 days after Final 
Acceptance, perform an infrared scan of each switch. Remove all access panels so joints and 
connections are accessible to portable scanner. 

1. Instrument: Use an infrared scanning device designed to measure temperature or to detect 
significant deviations from normal values. Provide calibration record for device. 

2. Record of Infrared Scanning: Prepare a certified report that identifies switches checked 
and that describes scanning results. Include notation of deficiencies detected, remedial 
action taken, and observations after remedial action. 

3. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of each 
switch 11 months after date of Substantial Completion. 

3.4 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain transfer switches and 
related equipment. 

B. Training shall include testing ground-fault protective devices and instructions to determine 
when the ground-fault system shall be retested. Include instructions on where ground-fault 
sensors are located and how to avoid negating the ground-fault protection scheme during testing 
and circuit modifications. 

C. Coordinate this training with that for generator equipment. 

END OF SECTION 263600 
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SECTION 264113 - LIGHTNING PROTECTION FOR STRUCTURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Division 100 General Provisions of the Delaware Department of Transportation “Standard 
Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard 
Construction Details” dated 2001, including all revisions up to the date of advertisement, apply 
to this section. 

1.2 SUMMARY 

A. Section includes lightning protection system for ordinary structures. 

B. Section includes lightning protection system for the following: 

1. Ordinary structures. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: 

1. Include layouts of the lightning protection system, with details of the components to be 
used in the installation. 

2. Include raceway locations needed for the installation of conductors. 
3. Details of air terminals, ground rods, ground rings, conductor supports, splices, and 

terminations, including concealment requirements. 
4. Include roof attachment details, coordinated with roof installation. 
5. Calculations required by NFPA 780 for bonding of metal bodies. 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Lightning protection system Shop Drawings, drawn to scale, on which 
the following items are shown and coordinated with each other, using input from installers of 
the items involved: 

1. Lightning protection cabling attachments to roofing systems and accessories. 
2. Lightning protection strike termination device attachment to roofing systems, coordinated 

with the roofing system manufacturer. 
3. Lightning protection system components penetrating roofing and moisture protection 

systems and system components, coordinated with the roofing system manufacturer. 

B. Qualification Data: For Installer. 
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C. Product Certificates: For each type of roof adhesive for attaching the roof-mounted air terminal 
assemblies, approved by the roofing-material manufacturer. 

D. Field quality-control reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Maintenance Data: For lightning protection system to include in maintenance manuals. 

1. In addition to items specified in Section 017823 "Operation and Maintenance Data," 
include the following: 

a. Dimensioned site plan showing dimensioned route of the ground loop conductor 
and the ground rod locations. Comply with requirements of Section 017839 
"Project Record Documents." 

b. A system testing and inspection record, listing the results of inspections and 
ground resistance tests, as recommended by NFPA 780, Annex D. 

B. Completion Certificate:  

1. UL Master Label Certificate and LPI Master Certificate. 

1.6 QUALITY ASSURANCE 

A. Installer Qualifications:  UL-listed installer, category OWAY or LPI Master Installer. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, provide products by the following: 

1. Advanced Lightning Technology, Ltd. 
2. East Coast Lightning Equipment Inc. 
3. ERICO International Corporation. 
4. Heary Bros. Lightning Protection Co. Inc. 
5. Independent Protection Co. 
6. National Lightning Protection. 
7. Thompson Lightning Protection, Inc. 

2.2 PERFORMANCE REQUIREMENTS 

A. NFPA Lightning Protection Standard: Comply with NFPA 780 requirements for Class I 
buildings. 

B. UL Lightning Protection Standard: Comply with UL 96A requirements for Class I buildings. 
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C. Lightning Protection Components, Devices, and Accessories: Listed and labeled by a qualified 
testing agency as complying with UL 96, and marked for intended location and application. 

2.3 MATERIALS 

A. Air Terminals: 

1. Aluminum unless otherwise indicated. 
2. 3/8-inch (10-mm) diameter by 15 inches (380 mm) long. 
3. Rounded tip. 
4. Integral base support. 

B. Air Terminal Bracing:  

1. Aluminum. 
2. 1/4-inch (6-mm) diameter rod. 

C. Class 1 Main Conductors: 
1.  Aluminum: 98,600 circular mils in diameter. 

D. Secondary Conductors:  

1. Stranded Copper: 26,240 circular mils in diameter. 

E. Ground Loop Conductor:  Stranded copper. 

F. Ground Rods: 

1. Material:  Stainless steel. 
2. Diameter:  3/4 inch (19 mm). 
3. Rods shall be not less than 120 inches (3050 mm) long. 

G. Conductor Splices and Connectors: Compression fittings that are installed with hydraulically 
operated tools, or exothermic welds, approved for use with the class type. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install lightning protection components and systems according to UL 96A and NFPA 780. 

B. Install conductors with direct paths from air terminals to ground connections. Avoid bends less 
than 90 degrees and 8 inches (203 mm) in radius and narrow loops. 

C. Conceal conductors within normal view from exterior locations at grade within 200 feet (60 m) 
of building. Comply with requirements for concealed installations in UL 96A and concealed 
systems in NFPA 780. 
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1. Roof penetrations required for down conductors and connections to structural-steel 
framework shall be made using listed through-roof fitting and connector assemblies with 
solid rods and appropriate roof flashings. Use materials approved by the roofing 
manufacturer for the purpose. Conform to the methods and materials required at roofing 
penetrations of the lightning protection components to ensure compatibility with the 
roofing specifications and warranty. 

2. Install conduit where necessary to comply with conductor concealment requirements. 
3. Air Terminals on Single-Ply Membrane Roofing: Comply with adhesive manufacturer's 

written instructions. 

D. Ground Ring Electrode: The conductor shall be not less than the main-size lightning conductor. 

3.2 CONNECTIONS 

A. Aboveground concealed connections, and connections in earth or concrete, shall be done by 
exothermic welds or by high-compression fittings listed for the purpose. 

B. Aboveground exposed connections shall be done using the following types of connectors, listed 
and labeled for the purpose:  high compression. 

C. Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance, 
except where routed through short lengths of conduit. 

1. Bonding to Structure: Bond straps directly to basic structure, taking care not to penetrate 
any adjacent parts. 

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install 
bonding so vibration is not transmitted to rigidly mounted equipment. 

3.3 CORROSION PROTECTION 

A. Do not combine materials that can form an electrolytic couple that will accelerate corrosion in 
the presence of moisture unless moisture is permanently excluded from junction of such 
materials. 

B. Use conductors with protective coatings where conditions would cause deterioration or 
corrosion of conductors. 

3.4 FIELD QUALITY CONTROL 

A. Special  Inspections:   Engage  a  qualified  special  inspector  to  perform  the  following  special  
inspections: 

1. Perform inspections as required to obtain a UL Master Label for system. 
2. Perform inspections to obtain an LPI certification. 

B. Prepare test and inspection reports and certificates. 

END OF SECTION 264113 
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SECTION 323119 – ALUMINUM LOUVER FENCES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Aluminum Fixed Louver Fences. 

1.2 PREINSTALLATION MEETINGS 

A. Preinstallation Conference: Conduct conference at Project site. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: For fencing and gates. 

1. Include plans, elevations, sections, and attachment details. 

C. Samples: For each fence material and for each color specified. 

1.4 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

B. Product test reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Maintenance data. 

1.6 QUALITY ASSURANCE 

A. Installer Qualifications: Fabricator of products. 
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PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Wind Loading: Comply with ASCE/SEI 7 requirements for fence height, wind exposure, design 
wind speed, and design wind pressure. 

B. Lightning-Protection System: Maximum grounding-resistance value of 25 ohms under normal 
dry conditions. 

2.2 ALUMINUM FIXED LOUVER FENCES 

A. Aluminum Fixed Louver Fences: Fences made from aluminum extrusions. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following: 

a. American Fence Company. 
b. Ametco Manufacturing Corporation. 
c. Industrial Louvers Inc. 

B. Posts: Square extruded tubes. 4 by 4 inches. 

C. Fixed Louver Blades: Extruded tubular aluminum louver blades, inclined at 45 degrees, and 
spaced at 3.4 inches to provide 80 percent direct visual screening.  Size: 1/2 by 4 inches.  
Material thickness: 0.09 inches.  Panel sizes: As indicated on the Drawings. 

D. Fasteners: Manufacturer's standard corrosion-resistant, color-coated fasteners matching fence 
components. 

E. Fabrication: Assemble fences into sections by fastening panels to rails. 

F. Finish: Baked enamel or powder coating. 

2.3 ALUMINUM 

A. Extrusions: ASTM B 221, Alloy 6063-T5. 

B. Tubing: ASTM B 429/B 429M, Alloy 6063-T6. 

C. Castings: ASTM B 26/B 26M, Alloy A356.0-T6. 

2.4 STEEL AND IRON 

A. Plates, Shapes, and Bars: ASTM A 36/A 36M. 

B. Bars (Pickets): Hot-rolled, carbon steel complying with ASTM A 29/A 29M, Grade 1010. 
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C. Tubing: ASTM A 500/A 500M, cold-formed steel tubing. 

D. Bar Grating: NAAMM MBG 531. 

E. Uncoated Steel Sheet: Cold-rolled steel sheet, ASTM A 1008/A 1008M, Structural Steel, 
Grade 50. 

F. Galvanized-Steel Sheet: ASTM A 653/A 653M, structural quality, Grade 50, with G90 coating. 

G. Aluminum-Zinc, Alloy-Coated Steel Sheet: ASTM A 792/A 792M, structural quality, Grade 50, 
with AZ60 coating. 

2.5 COATING MATERIALS 

A. Epoxy Zinc-Rich Primer for Uncoated Steel: Complying with MPI #20 and compatible with 
coating specified to be applied over it. 

B. Epoxy Primer for Galvanized Steel: Epoxy primer recommended in writing by topcoat 
manufacturer. 

C. Intermediate Coat for Uncoated Steel: Epoxy or polyurethane intermediate recommended in 
writing by primer and topcoat manufacturer. 

D. Polyurethane Topcoat: Complying with MPI #72 and compatible with undercoat. 

2.6 MISCELLANEOUS MATERIALS 

A. Concrete: Normal-weight, air-entrained, ready-mix concrete complying with requirements in 
Section 033000 "Cast-in-Place Concrete" with a minimum 28-day compressive strength of 3000 
psi, 3-inch slump, and 1-inch maximum aggregate size. 

2.7 GROUNDING MATERIALS 

A. Comply with requirements of Section 260526 "Grounding and Bonding for Electrical Systems." 

B. Grounding Conductors: Size as indicated on Drawings. Bare, solid wire for No. 6 AWG and 
smaller; stranded wire for No. 4 AWG and larger. 

1. Material above Finished Grade: Copper. 
2. Material on or below Finished Grade: Copper. 

C. Grounding Connectors and Grounding Rods: Comply with UL 467. 

2.8 ALUMINUM FINISHES 

A. Baked-Enamel or Powder-Coat Finish: AAMA 2603 except with a minimum dry film thickness 
of 2 mils. Comply with coating manufacturer's written instructions for cleaning, conversion 
coating, and applying and baking finish. 
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1. Color and Gloss: As selected by Architect from manufacturer's full range. 

PART 3 - EXECUTION 

3.1 ALUMINUM FIXED LOUVER FENCE INSTALLATION 

A. Install fences per manufacturer's written instructions. 

B. Post Excavation: Drill or hand-excavate holes for posts in firm, undisturbed soil. Excavate holes 
to  a  diameter  of  not  less  than  4  times  post  size  and  a  depth  of  not  less  than  24  inches  plus  3  
inches for each foot or fraction of a foot that fence height exceeds 4 feet. 

C. Post Setting: Set posts in concrete with mechanical anchors at indicated spacing into firm, 
undisturbed soil. 

1. Verify  that  posts  are  set  plumb,  aligned,  and  at  correct  height  and  spacing,  and  hold  in  
position during setting with concrete or mechanical devices. 

2. Concrete  Fill:  Place  concrete  around  posts  and  sleeves  and  vibrate  or  tamp  for  
consolidation. Protect aboveground portion of posts from concrete splatter. 

3. Posts Set in Concrete: Extend post to within 6 inches of specified excavation depth, but 
not closer than 3 inches to bottom of concrete. 

4. Mechanically Driven Posts: Drive into soil to depth of 36 inches. Protect post top to 
prevent distortion. 

5. Space posts uniformly at 8 feet o.c. 

3.2 GROUNDING AND BONDING 

A. Comply with Section 260526 "Grounding and Bonding for Electrical Systems." 

END OF SECTION 323119 
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS.
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.


	PART 2 -  PRODUCTS
	2.1 SLEEVES
	A. Corrosion resistant coated Steel or Galvanized-Steel Wall Pipes: ASTM A 53/A 53M, Schedule 40, with plain ends and welded steel collar; zinc coated.
	B. Corrosion resistant coated Steel or Galvanized-Steel-Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, with plain ends.

	2.2 SLEEVE-SEAL SYSTEMS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Description: Modular sealing-element unit, designed for field assembly, for filling annular space between piping and sleeve.

	2.3 GROUT
	A. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
	B. Characteristics: Nonshrink; recommended for interior and exterior applications.
	C. Design Mix: 5000-psi, 28-day compressive strength.
	D. Packaging: Premixed and factory packaged.


	PART 3 -  EXECUTION
	3.1 SLEEVE INSTALLATION
	A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and walls.
	B. For sleeves that will have sleeve-seal system installed, select sleeves of size large enough to provide 1 inch annular clear space between piping and concrete slabs and walls for piping less than 4 inch in diameter and 2 inch annular clear space for piping 4 inch and larger diameter piping.
	C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs and walls are constructed.
	D. Install sleeves for pipes passing through interior partitions.
	E. Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe penetrations. Seal pipe penetrations with firestop materials. Comply with requirements for firestopping specified in Division 07 "Penetration Firestopping."

	3.2 SLEEVE-SEAL-SYSTEM INSTALLATION
	A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at service piping entries into building.
	B. Select type, size, and number of sealing elements required for piping material and size and for sleeve ID or hole size. Position piping in center of sleeve. Center piping in penetration, assemble sleeve-seal system components, and install in annular space between piping and sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make a watertight seal.

	3.3 SLEEVE AND SLEEVE-SEAL SCHEDULE
	A. Use sleeves and sleeve seals for the following piping-penetration applications:
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section

	1.2 SUMMARY
	A. Provide the work of this Section in accordance with requirements of the Contract Documents
	B. This Section Includes but is not limited to the following:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.


	PART 2 -  PRODUCTS
	2.1 ESCUTCHEONS
	A. One-Piece, Cast-Brass Type: With polished, chrome-plated finish and setscrew fastener.
	B. One-Piece, Deep-Pattern Type: Deep-drawn, box-shaped brass with chrome-plated finish and spring-clip fasteners.
	C. Split-Casting Brass Type: With polished, chrome-plated finish and with concealed hinge and setscrew.

	2.2 FLOOR PLATES
	A. One-Piece Floor Plates: Cast-iron flange with holes for fasteners.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install escutcheons for piping penetrations of walls, ceilings, and finished floors.
	B. Install escutcheons with ID to closely fit around pipe, tube, and insulation of piping and with OD that completely covers opening.
	C. Install floor plates for piping penetrations of equipment-room floors.
	D. Install floor plates with ID to closely fit around pipe, tube, and insulation of piping and with OD that completely covers opening.

	3.2 FIELD QUALITY CONTROL
	A. Replace broken and damaged escutcheons and floor plates using new materials.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section

	1.2 SUMMARY
	A. Provide the work of this Section in accordance with requirements of the Contract Documents.
	This Section Includes but is not limited to the following

	1.3 DEFINITIONS
	A. NBR: Acrylonitrile-butadiene, Buna-N, or nitrile rubber.
	B. NRS: Nonrising stem.
	C. OS&Y: Outside screw and yoke.
	D. SBR: Styrene-butadiene rubber.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of valve.

	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Prepare valves for shipping as follows:
	B. Use the following precautions during storage:
	C. Use sling to handle large valves; rig sling to avoid damage to exposed parts. Do not use operating handles or stems as lifting or rigging points.
	D. Protect flanges and specialties from moisture and dirt.


	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR VALVES
	A. UL Listed: Valves shall be listed in UL's "Online Certifications Directory" under the headings listed below and shall bear UL mark:
	B. FM Global Approved: Valves shall be listed in its "Approval Guide," under the headings listed below:
	C. Source Limitations for Valves: Obtain valves for each valve type from single manufacturer.
	D. ASME Compliance:
	E. AWWA Compliance: Comply with AWWA C606 for grooved-end connections.
	F. NFPA Compliance: Comply with NFPA 24 for valves.
	G. Valve Pressure Ratings: Not less than the minimum pressure rating indicated or higher as required by system pressures.
	H. Valve Sizes: Same as upstream piping unless otherwise indicated.
	I. Valve Actuator Types:

	2.2 TWO-PIECE BALL VALVES WITH INDICATORS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Description:

	2.3 BRONZE BUTTERFLY VALVES WITH INDICATORS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Description:

	2.4 IRON BUTTERFLY VALVES WITH INDICATORS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Description:

	2.5 CHECK VALVES
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Description:

	2.6 BRONZE OS&Y GATE VALVES
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Description:

	2.7 IRON OS&Y GATE VALVES
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Description:

	2.8 INDICATOR POSTS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Description:

	2.9 TRIM AND DRAIN VALVES
	A. Ball Valves:
	B. Angle Valves:
	C. Globe Valves:
	D. Ball Drip Valve


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove special packing materials, such as blocks, used to prevent disc movement during shipping and handling.
	B. Operate valves in positions from fully open to fully closed. Examine guides and seats made accessible by such operations.
	C. Examine threads on valve and mating pipe for form and cleanliness.
	D. Examine mating flange faces for conditions that might cause leakage. Check bolting for proper size, length, and material. Verify that gasket is of proper size, that its material composition is suitable for service, and that it is free from defects and damage.
	E. Do not attempt to repair defective valves; replace with new valves.

	3.2 GENERAL REQUIREMENTS FOR VALVE INSTALLATION
	A. Comply with requirements in the following Sections for specific valve installation requirements and applications:
	B. Install listed fire-protection shutoff valves supervised-open, located to control sources of water supply except from fire-department connections. Install permanent identification signs indicating portion of system controlled by each valve.
	C. Install check valve in each water-supply connection. Install backflow preventers instead of check valves in potable-water-supply sources.
	D. Install valves having threaded connections with unions at each piece of equipment arranged to allow easy access, service, maintenance, and equipment removal without system shutdown. Provide separate support where necessary.
	E. Install valves in horizontal piping with stem at or above the pipe center.
	F. Install valves in position to allow full stem movement.
	G. Install valve tags. Comply with requirements in Division 21 "Identification for Fire-Suppression Piping and Equipment" for valve tags and schedules and signs on surfaces concealing valves; and the NFPA standard applying to the piping system in which valves are installed. Install permanent identification signs indicating the portion of system controlled by each valve.
	H. Install listed fire-protection shutoff valves supervised-open, located to control sources of water supply except from fire-department connections.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section

	1.2 SUMMARY
	A. Provide the work of this Section in accordance with requirements of the Contract Documents.
	B. This Section Includes but is not limited to the following:
	C. Related Requirements:

	1.3 DEFINITIONS
	A. IBC: International Building Code.
	B. ICC-ES: ICC-Evaluation Service.
	C. OSHPD: Office of Statewide Health Planning & Development (for the State of California).

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.

	1.5 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Show coordination of vibration isolation device installation and seismic bracing for fire-suppression piping and equipment with other systems and equipment in the vicinity, including other supports and restraints, if any.
	B. Qualification Data: For professional engineer and testing agency.
	C. Welding certificates.
	D. Field quality-control reports.

	1.6 QUALITY ASSURANCE
	A. Testing Agency Qualifications: An independent agency, with the experience and capability to conduct the testing indicated, that is an NRTL as defined by OSHA in 29 CFR 1910.7 and that is acceptable to authorities having jurisdiction.
	B. Comply with seismic-restraint requirements in the IBC unless requirements in this Section are more stringent.
	C. Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	D. Seismic-restraint devices shall have horizontal and vertical load testing and analysis and shall bear anchorage preapproval OPA number from OSHPD, preapproval by ICC-ES, or preapproval by another agency acceptable to authorities having jurisdiction, showing maximum seismic-restraint ratings. Ratings based on independent testing are preferred to ratings based on calculations. If preapproved ratings are unavailable, submittals based on independent testing are preferred. Calculations (including combining shear and tensile loads) to support seismic-restraint designs must be signed and sealed by a qualified professional engineer.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Seismic-Restraint Loading:

	2.2 RESTRAINED ELASTOMERIC ISOLATION MOUNTS
	A. Restrained Elastomeric Isolation Mounts .

	2.3 SNUBBERS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Description: Factory fabricated using welded structural-steel shapes and plates, anchor bolts, and replaceable resilient isolation washers and bushings.

	2.4 SEISMIC-RESTRAINT ACCESSORIES
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Hanger-Rod Stiffener: Steel tube or steel slotted-support-system sleeve with internally bolted connections to hanger rod.
	C. Hinged and Swivel Brace Attachments: Multifunctional steel connectors for attaching hangers to rigid channel bracings.
	D. Bushings for Floor-Mounted Equipment Anchor Bolts: Neoprene bushings designed for rigid equipment mountings, and matched to type and size of anchor bolts and studs.
	E. Bushing Assemblies for Wall-Mounted Equipment Anchorage: Assemblies of neoprene elements and steel sleeves designed for rigid equipment mountings, and matched to type and size of attachment devices used.
	F. Resilient Isolation Washers and Bushings: One-piece, molded, oil- and water-resistant neoprene, with a flat washer face.

	2.5 MECHANICAL ANCHOR BOLTS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Mechanical Anchor Bolts: Drilled-in and stud-wedge or female-wedge type in zinc-coated steel for interior applications and stainless steel for exterior applications. Select anchor bolts with strength required for anchor and as tested according to ASTM E 488.

	2.6 ADHESIVE ANCHOR BOLTS
	Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Adhesive Anchor Bolts: Drilled-in and capsule anchor system containing PVC or urethane methacrylate-based resin and accelerator, or injected polymer or hybrid mortar adhesive. Provide anchor bolts and hardware with zinc-coated steel for interior applications and stainless steel for exterior applications. Select anchor bolts with strength required for anchor and as tested according to ASTM E 488.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas and equipment to receive vibration isolation and seismic-control devices for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.
	B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual locations before installation.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 APPLICATIONS
	A. Multiple Pipe Supports: Secure pipes to trapeze member with clamps approved for application by an agency acceptable to authorities having jurisdiction.
	B. Hanger-Rod Stiffeners: Install hanger-rod stiffeners where indicated or scheduled on Drawings to receive them and where required to prevent buckling of hanger rods due to seismic forces.
	C. Strength of Support and Seismic-Restraint Assemblies: Where not indicated, select sizes of components so strength is adequate to carry present and future static and seismic loads within specified loading limits.

	3.3 VIBRATION CONTROL AND SEISMIC-RESTRAINT DEVICE INSTALLATION
	A. Coordinate the location of embedded connection hardware with supported equipment attachment and mounting points and with requirements for concrete reinforcement and formwork specified in Section 033000 "Cast-in-Place Concrete. “Or Section 033053 "Miscellaneous Cast-in-Place Concrete."
	B. Installation of vibration isolators must not cause any change of position of equipment, piping, or ductwork resulting in stresses or misalignment.
	C. Comply with requirements in Division 07 "Roof Accessories" for installation of equipment supports and roof penetrations.
	D. Equipment Restraints:
	E. Piping Restraints:
	F. Install seismic-restraint devices using methods approved by an agency acceptable to authorities having jurisdiction that provides required submittals for component.
	G. Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to provide resilient media between anchor bolt and mounting hole in concrete base.
	H. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to provide resilient media where equipment or equipment-mounting channels are attached to wall.
	I. Attachment to Structure: If specific attachment is not indicated, anchor bracing to structure at flanges of beams, at upper truss chords of bar joists, or at concrete members.
	J. Drilled-in Anchors:

	3.4 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION
	A. Install flexible connections in piping where they cross seismic joints, where adjacent sections or branches are supported by different structural elements, and where the connections terminate with connection to equipment that is anchored to a different structural element from the one supporting the connections as they approach equipment. Comply with requirements in Division 21 "Fire-Suppression Standpipes," Division 21 "Wet-Pipe Sprinkler Systems," and Division 21 "Dry-Pipe Sprinkler Systems" for piping flexible connections.

	3.5 FIELD QUALITY CONTROL
	A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections.
	B. Perform tests and inspections.
	C. Tests and Inspections:
	D. Remove and replace malfunctioning units and retest as specified above.
	E. Prepare test and inspection reports.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section

	1.2 SUMMARY
	A. Provide the work of this Section in accordance with requirements of the Contract Documents.
	B. This Section Includes but is not limited to the following:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Samples: For color, letter style, and graphic representation required for each identification material and device.
	C. Equipment-Label Schedule: Include a listing of all equipment to be labeled and the proposed content for each label.
	D. Valve Schedules: Valve numbering scheme.


	PART 2 -  PRODUCTS
	2.1 EQUIPMENT LABELS
	A. Metal Labels for Equipment:
	B. Label Content: Include equipment's Drawing designation or unique equipment number, Drawing numbers where equipment is indicated (plans, details, and schedules), and the Specification Section number and title where equipment is specified.
	C. Equipment-Label Schedule: For each item of equipment to be labeled, on 8-1/2-by-11-inch (A4) bond paper. Tabulate equipment identification number and identify Drawing numbers where equipment is indicated (plans, details, and schedules) and the Specification Section number and title where equipment is specified. Equipment schedule shall be included in operation and maintenance data.

	2.2 WARNING SIGNS AND LABELS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 inch thick, with predrilled holes for attachment hardware.
	C. Letter Color:  White.
	D. Background Color:  Red.
	E. Maximum Temperature: Able to withstand temperatures up to 160 deg F.
	F. Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch.
	G. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering for greater viewing distances. Include secondary lettering two-thirds to three-fourths the size of principal lettering.
	H. Fasteners: Stainless-steel rivets or self-tapping screws.
	I. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.
	J. Label Content: Include caution and warning information, plus emergency notification instructions.

	2.3 PIPE LABELS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with lettering indicating service and showing flow direction according to ASME A13.1.
	C. Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to circumference of pipe and to attach to pipe without fasteners or adhesive.
	D. Self-adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive backing.
	E. Pipe-Label Contents: Include identification of piping service using same designations or abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction.
	F. Pipe-Label Colors:

	2.4 VALVE TAGS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Description: Stamped or engraved with 1/4-inchletters for piping-system abbreviation and 1/2-inchnumbers.
	C. Valve Schedules: For each piping system, on 8-1/2-by-11-inch bond paper. Tabulate valve number, piping system, system abbreviation (as shown on valve tag), location of valve (room or space), normal-operating position (open, closed, or modulating), and variations for identification. Mark valves for emergency shutoff and similar special uses.

	2.5 WARNING TAGS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Description: Preprinted or partially preprinted, accident-prevention tags, of plasticized card stock with matte finish suitable for writing.


	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Clean piping and equipment surfaces of incompatible primers, paints, and encapsulants, as well as dirt, oil, grease, release agents, and other substances that could impair bond of identification devices.

	3.2 GENERAL INSTALLATION REQUIREMENTS
	A. Coordinate installation of identifying devices with completion of covering and painting of surfaces where devices are to be installed.
	B. Coordinate installation of identifying devices with locations of access panels and doors.
	C. Install identifying devices before installing acoustical ceilings and similar concealment.

	3.3 EQUIPMENT LABEL INSTALLATION
	A. Install or permanently fasten labels on each major item of mechanical equipment.
	B. Locate equipment labels where accessible and visible.

	3.4 PIPE LABEL INSTALLATION
	A. Piping: Painting of piping is specified in Division 09 “Painting”.
	B. Pipe-Label Locations: Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior exposed locations as follows:
	C. Directional Flow Arrows: Arrows shall be used to indicate direction of flow in pipes including pipes where flow is allowed in both directions.

	3.5 VALVE-TAG INSTALLATION
	A. Install tags on valves and control devices in fire-suppression piping systems. List tagged valves in a valve-tag schedule.
	B. Valve-Tag Application Schedule: Tag valves according to size, shape, and with captions similar to those indicated in "Valve-Tag Size and Shape" Subparagraph below:

	3.6 WARNING-TAG INSTALLATION
	A. Write required message on, and attach warning tags to, equipment and other items where required.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Provide the work of this Section in accordance with requirements of the Contract Documents.
	B. This Section Includes but is not limited to the following:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.


	PART 2 -  PRODUCTS
	2.1 WALL MOUNTED SNOOT STYE FIRE-DEPARTMENT CONNECTION
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Standard: UL 405.
	C. Type: Flush, for wall mounting.
	D. Pressure Rating: 175 psig minimum.
	E. Body Material: Corrosion-resistant metal.
	F. Inlets: Brass with threads according to NFPA and matching local fire-department sizes and threads. Include extension pipe nipples, brass lugged swivel connections, and check devices or clappers.
	G. Caps: Polished chrome plated, lugged type, with gasket and chain.
	H. Escutcheon Plate: Rectangular, Polished Chrome Plated, wall type.
	I. Outlet: With pipe threads.
	J. Body Style: Vertical Top or Vertical Bottom
	K. Number of Inlets: As indicated on drawings.
	L. Outlet Location: Based on installation conditions.
	M. Escutcheon Plate Marking: Similar to "AUTO SPKR & MANUAL DRY STANDPIPE, “AUTO SPKR” or “DRY STANDPIPE."
	N. Finish: Polished chrome plated.
	O. Outlet Size:  Minimum of NPS 4.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine conditions, with Installer present, for compliance with requirements for installation tolerances and other conditions affecting performance of fire-department connections.
	B. Examine roughing-in for fire-suppression standpipe system to verify actual locations of piping connections before fire-department connection installation.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install wall-type fire-department connections.
	B. Install three protective pipe bollards around each fire-department connection. Comply with requirements for bollards in Section 055000 "Metal Fabrications."
	C. Install automatic (ball-drip) drain valve at each check valve for fire-department connection.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Provide the work of this Section in accordance with the requirements of the Contract Documents.
	B. This Section Includes but is not limited to the following:
	C. Related Sections:

	1.3 DEFINITIONS
	A. High-Pressure Standpipe Piping: Fire-suppression standpipe piping designed to operate at working pressure higher than standard 175 psig, but not higher than 250 psig.
	B. Standard-Pressure Standpipe Piping: Fire-suppression standpipe piping designed to operate at working pressure 175 psigmaximum.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product. Include rated capacities, operating characteristics, electrical characteristics, and furnished specialties and accessories.
	B. Shop Drawings: For fire-suppression standpipes.

	1.5 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Fire-suppression standpipes, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:
	B. Qualification Data: For Installer and professional engineer.
	C. Approved Standpipe Drawings: Working plans, prepared according to NFPA 14, that have been approved by authorities having jurisdiction, including hydraulic calculations if applicable.
	D. Welding certificates.
	E. Fire-hydrant flow test report.
	F. Field Test Reports and Certificates: Indicate and interpret test results for compliance with performance requirements and as described in NFPA 14. Include "Contractor's Material and Test Certificate for Aboveground Piping" and "Contractor's Material and Test Certificate for Underground Piping."
	G. Field quality-control reports.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For fire-suppression standpipes specialties to include in emergency, operation, and maintenance manuals.

	1.7 QUALITY ASSURANCE
	A. Installer Qualifications:
	B. Welding Qualifications: Qualify procedures and operators according to ASME Boiler and Pressure Vessel Code.
	C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	D. NFPA Standards: Fire-suppression standpipe equipment, specialties, accessories, installation, and testing shall comply with NFPA 14.

	1.8 PROJECT CONDITIONS
	A. Interruption of Existing Fire-Suppression Standpipe Service: Do not interrupt fire-suppression standpipe service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary fire-suppression standpipe service according to requirements indicated:


	PART 2 -  PRODUCTS
	2.1 SYSTEM DESCRIPTIONS
	A. Manual Dry-Type, Class I Standpipe System: Includes NPS 2-1/2hose connections. Does not have permanent water supply. Piping is dry. Water must be pumped into standpipes to satisfy demand.

	2.2 PERFORMANCE REQUIREMENTS
	A. Standard-Pressure, Fire-Suppression Standpipe System Component: Listed for 175-psigminimum working pressure.
	B. High-Pressure, Fire-Suppression Standpipe System Component: Listed for 250-psigminimum working pressure.
	C. Delegated Design: Design fire-suppression standpipes, including comprehensive engineering analysis by a qualified professional engineer, using performance requirements and design criteria indicated.
	D. Fire-suppression standpipe design shall be approved by authorities having jurisdiction.
	E. Seismic Performance: Fire-suppression standpipes shall withstand the effects of earthquake motions determined according to NFPA 13 and ASCE/SEI 7.

	2.3 PIPING MATERIALS
	A. Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, and fitting materials and for joining methods for specific services, service locations, and pipe sizes.

	2.4 BLACK STEEL PIPE AND ASSOCIATED FITTINGS
	A. Schedule 40: ASTM A 53/A 53M, Type E, Grade B; with factory- or field-formed ends to accommodate joining method.
	B. Schedule 40: ASTM A 795/A 795M, Type E, Grade A; with factory- or field-formed ends to accommodate joining method.
	C. Uncoated, Steel Couplings: ASTM A 865/A 865M, threaded.
	D. Uncoated, Gray-Iron Threaded Fittings: ASME B16.4, Class 125, standard pattern.
	E. Malleable- or Ductile-Iron Unions: UL 860.
	F. Cast-Iron Flanges: ASME B16.1, Class 125.
	G. Steel Flanges and Flanged Fittings: ASME B16.5, Class 150.
	H. Steel Welding Fittings: ASTM A 234/A 234M and ASME B16.9.
	I. Grooved-Joint, Steel-Pipe Appurtenances:

	2.5 GALVANIZED-STEEL PIPE AND ASSOCIATED FITTINGS
	A. Schedule 40: ASTM A 53/A 53M, Type E, Grade B; with factory- or field-formed ends to accommodate joining method.
	B. Schedule 40: ASTM A 795/A 795M, Type E, Grade A; with factory- or field-formed ends to accommodate joining method.
	C. Galvanized-Steel Pipe Nipples: ASTM A 733, made of ASTM A 53/A 53M or ASTM A 106/A 106M, Standard Weight, seamless steel pipe with threaded ends.
	D. Galvanized, Gray-Iron Threaded Fittings: ASME B16.4, Class 125, standard pattern.
	E. Malleable-Iron Unions:
	F. Flanges: ASME B16.1, Class 125, cast iron.
	G. Appurtenances for Grooved-End, Galvanized-Steel Pipe:

	2.6 PIPING JOINING MATERIALS
	A. Pipe-Flange Gasket Materials: AWWA C110, rubber, flat face, 1/8 inchthick or ASME B16.21, nonmetallic and asbestos free.
	B. Metal, Pipe-Flange Bolts and Nuts: ASME B18.2.1, carbon steel unless otherwise indicated.
	C. Brazing Filler Metals: AWS A5.8/A5.8M, BCuP Series, copper-phosphorus alloys for general-duty brazing unless otherwise indicated.
	D. Welding Filler Metals: Comply with AWS D10.12/D10.12M for welding materials appropriate for wall thickness and chemical analysis of steel pipe being welded.

	2.7 SPECIALTY VALVES
	A. General Requirements:
	B. Dry-Pipe Valves:
	C. Automatic (Ball Drip) Drain Valves:

	2.8 HOSE CONNECTIONS
	A. Adjustable-Valve Hose Connections:
	B. Nonadjustable-Valve Hose Connections:

	2.9 ALARM DEVICES
	A. Alarm-device types shall match piping and equipment connections.
	B. Electrically Operated Alarm Bell:
	C. Water-Flow Indicators:
	D. Pressure Switches:
	E. Valve Supervisory Switches:
	F. Indicator-Post Supervisory Switches:

	2.10 PRESSURE GAGES
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Standard: UL 393.
	C. Dial Size: 3-1/2- to 4-1/2-inchdiameter.
	D. Pressure Gage Range: Zero to 250 psigminimum.
	E. Water System Piping Gage: Include "WATER" or "AIR/WATER" label on dial face.
	F. Air System Piping Gage: Include "AIR" or "AIR/WATER" label on dial face.


	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Perform fire-hydrant flow test according to NFPA 14 and NFPA 291. Use results for system design calculations required in "Quality Assurance" Article.
	B. Report test results promptly and in writing.

	3.2 EXAMINATION
	A. Examine roughing-in for hose connections and stations to verify actual locations of piping connections before installation.
	B. Examine walls and partitions for suitable thickness, fire- and smoke-rated construction, framing for hose-station cabinets, and other conditions where hose connections and stations are to be installed.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.3 SERVICE-ENTRANCE PIPING
	A. Connect fire-suppression standpipe piping to water-service piping at service entrance into building. Comply with requirements for exterior piping in Division 21 "Facility Fire-Suppression Water-Service Piping."
	B. Install shutoff valve, backflow preventer, pressure gage, drain, and other accessories at connection to fire-suppression water-service piping. Comply with requirements for backflow preventers in Division 21 "Facility Fire-Suppression Water-Service Piping."
	C. Install shutoff valve, check valve, pressure gage, and drain at connection to water service.

	3.4 PIPING INSTALLATION
	A. Locations and Arrangements: Drawing plans, schematics, and diagrams indicate general location and arrangement of piping. Install piping as indicated, as far as practical.
	B. Piping Standard: Comply with requirements in NFPA 14 for installation of fire-suppression standpipe piping.
	C. Install seismic restraints on piping. Comply with requirements in NFPA 13 for seismic-restraint device materials and installation.
	D. Install listed fittings to make changes in direction, branch takeoffs from mains, and reductions in pipe sizes.
	E. Install drain valves on standpipes. Extend drain piping to outside of building.
	F. Install automatic (ball drip) drain valves to drain piping between fire-department connections and check valves. Drain to floor drain or outside building.
	G. Install alarm devices in piping systems.
	H. Install hangers and supports for standpipe system piping according to NFPA 14. Comply with requirements in NFPA 13 for hanger materials.
	I. Install pressure gages on riser or feed main and at top of each standpipe. Include pressure gages with connection not less than NPS 1/4 (DN 8) and with soft-metal seated globe valve, arranged for draining pipe between gage and valve. Install gages to permit removal, and install where they are not subject to freezing.
	J. Drain dry-type standpipe system piping.
	K. Pressurize and check dry-type standpipe system piping and air-pressure maintenance devices.
	L. Connect compressed-air or nitrogen supply to dry-pipe sprinkler piping.
	M. Connect air compressor or nitrogen supply to the following piping and wiring:
	N. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements for sleeves specified in Division 21"Sleeves and Sleeve Seals for Fire-Suppression Piping."
	O. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with requirements for sleeve seals specified in Division 21"Sleeves and Sleeve Seals for Fire-Suppression Piping."
	P. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with requirements for escutcheons specified in Division 21"Escutcheons for Fire-Suppression Piping."

	3.5 JOINT CONSTRUCTION
	A. Install couplings, flanges, flanged fittings, unions, nipples, and transition and special fittings that have finish and pressure ratings same as or higher than system's pressure rating for aboveground applications unless otherwise indicated.
	B. Install unions adjacent to each valve in pipes NPS 2and smaller.
	C. Install flanges, flange adapters, or couplings for grooved-end piping on valves, apparatus, and equipment having NPS 2-1/2and larger end connections.
	D. Ream ends of pipes and tubes, and remove burrs. Bevel plain ends of steel pipe.
	E. Remove scale, slag, dirt, and debris from inside and outside of pipes, tubes, and fittings before assembly.
	F. Flanged Joints: Select appropriate gasket material in size, type, and thickness suitable for water service. Join flanges with gasket and bolts according to ASME B31.9.
	G. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore full ID. Join pipe fittings and valves as follows:
	H. Steel-Piping, Cut-Grooved Joints: Cut square-edge groove in end of pipe according to AWWA C606. Assemble coupling with housing, gasket, lubricant, and bolts. Join steel pipe and grooved-end fittings according to AWWA C606 for steel-pipe joints.
	I. Welded Joints: Construct joints according to AWS D10.12/D10.12M, using qualified processes and welding operators according to "Quality Assurance" Article.
	J. Dissimilar-Material Piping Joints: Make joints using adapters compatible with materials of both piping systems.

	3.6 VALVE AND SPECIALTIES INSTALLATION
	A. Install listed fire-protection valves, trim and drain valves, specialty valves and trim, controls, and specialties according to NFPA 14 and authorities having jurisdiction.
	B. Install listed fire-protection shutoff valves supervised-open, located to control sources of water supply except from fire-department connections. Install permanent identification signs indicating portion of system controlled by each valve.
	C. Install check valve in each water-supply connection. Install backflow preventers instead of check valves in potable-water-supply sources.
	D. Specialty Valves:

	3.7 HOSE-CONNECTION INSTALLATION
	A. Install hose connections adjacent to standpipes.
	B. Install freestanding hose connections for access and minimum passage restriction.
	C. Install NPS 2-1/2 (DN 65) hose connections and flow-restricting device.
	D. Install wall-mounted-type hose connections in cabinets. Include pipe escutcheons, with finish matching valves, inside cabinet where water-supply piping penetrates cabinet. Install valves at angle required for connection of fire hose. Comply with requirements for cabinets in Division 10"Fire Protection Cabinets."

	3.8 FIRE-DEPARTMENT CONNECTION INSTALLATION
	A. Install wall-type fire-department connections.
	B. Install yard-type fire-department connections in concrete slab support. Comply with requirements for concrete in Division 03 "Cast-in-Place Concrete."
	C. Install automatic (ball drip) drain valve at each check valve for fire-department connection.

	3.9 IDENTIFICATION
	A. Install labeling and pipe markers on equipment and piping according to requirements in NFPA 14.
	B. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification specified in Division 21"Identification for Fire-Suppression Piping and Equipment."

	3.10 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Tests and Inspections:
	C. Fire-suppression standpipe system will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports.

	3.11 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain specialty valves.

	3.12 PIPING SCHEDULE
	A. Piping between Fire-Department Connections and Check Valves: Galvanized, standard-weight steel pipe with grooved ends; grooved-end fittings; grooved-end-pipe couplings; and grooved joints.
	B. Dry-type fire-suppression standpipe piping, NPS 4 or larger, shall be the following:
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Provide the work of this Section in accordance with requirements of the Contract Documents.
	B. This Section Includes but is not limited to the following:
	C. Related Requirements:

	1.3 DEFINITIONS
	A. Standard-Pressure Sprinkler Piping: Dry-pipe sprinkler system piping designed to operate at working pressure of 175-psig maximum.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: For dry-pipe sprinkler systems.
	C. Delegated-Design Submittal: For dry-pipe sprinkler systems indicated to comply with performance requirements and design criteria, including analysis data signed and sealed by the qualified professional engineer responsible for their preparation.

	1.5 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Sprinkler systems, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:
	B. Qualification Data: For qualified Installer and professional engineer.
	C. Approved Sprinkler Piping Drawings: Working plans, prepared according to NFPA 13, that have been approved by authorities having jurisdiction, including hydraulic calculations if applicable.
	D. Fire-hydrant flow test report.
	E. Field Test Reports and Certificates: Indicate and interpret test results for compliance with performance requirements and as described in NFPA 13. Include "Contractor's Material and Test Certificate for Aboveground Piping."
	F. Field quality-control reports.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For dry-pipe sprinkler systems and specialties to include in emergency, operation, and maintenance manuals.

	1.7 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.

	1.8 QUALITY ASSURANCE
	A. Installer Qualifications:

	1.9 FIELD CONDITIONS
	A. Interruption of Existing Sprinkler Service: Do not interrupt sprinkler service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary sprinkler service according to requirements indicated:


	PART 2 -  PRODUCTS
	2.1 SYSTEM DESCRIPTIONS
	A. Dry-Pipe Sprinkler System: Automatic sprinklers are attached to piping containing compressed air. Opening of sprinklers releases compressed air and permits water pressure to open dry-pipe valve. Water then flows into piping and discharges from opened sprinklers.

	2.2 PERFORMANCE REQUIREMENTS
	A. Sprinkler system equipment, specialties, accessories, installation, and testing shall comply with the following:
	B. Standard-Pressure Piping System Component: Listed for 175-psigminimum working pressure.
	C. Delegated Design: Engage a qualified professional engineer, as defined in Section 014000 "Quality Requirements," to design wet-pipe sprinkler systems.
	D. Sprinkler system design shall be approved by authorities having jurisdiction.
	E. Seismic Performance: Sprinkler piping shall withstand the effects of earthquake motions determined according to NFPA 13 and ASCE/SEI 7.

	2.3 STEEL PIPE AND FITTINGS
	A. Standard-Weight, Galvanized-Steel Pipe: ASTM A 53/A 53M, Type E, Grade B. Pipe ends may be factory or field formed to match joining method.
	B. Galvanized-Steel Pipe Nipples: ASTM A 733, made of ASTM A 53/A 53M, standard-weight, seamless steel pipe with threaded ends.
	C. Galvanized-Steel Couplings: ASTM A 865/A 865M, threaded.
	D. Galvanized, Gray-Iron Threaded Fittings: ASME B16.4, Class 125, standard pattern.
	E. Malleable- or Ductile-Iron Unions: UL 860.
	F. Cast-Iron Flanges: ASME B16.1, Class 125.
	G. Plain-End-Pipe Fittings: UL 213, ductile-iron body with retainer lugs that require one-quarter turn or screwed retainer pin to secure pipe in fitting.
	H. Grooved-Joint, Steel-Pipe Appurtenances:

	2.4 SPECIALTY VALVES
	A. Listed in UL's "Fire Protection Equipment Directory" or FM Global's "Approval Guide."
	B. Pressure Rating:
	C. Body Material: Cast or ductile iron.
	D. Size: Same as connected piping.
	E. End Connections: Flanged or grooved.
	F. Dry-Pipe Valves:
	G. Automatic (Ball Drip) Drain Valves:

	2.5 SPRINKLER PIPING SPECIALTIES
	A. General Requirements for Dry-Pipe System Fittings: UL listed for dry-pipe service.
	B. Branch Outlet Fittings:
	C. Flow Detection and Test Assemblies:
	D. Branch Line Testers:
	E. Sprinkler Inspector's Test Fittings:

	2.6 SPRINKLERS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Listed in UL's "Fire Protection Equipment Directory" or FM Global's "Approval Guide."
	C. Pressure Rating for Automatic Sprinklers: 175-psigminimum.
	D. Pressure Rating for High-Pressure Automatic Sprinklers: 250-psig (1725-kPa) minimum.
	E. Automatic Sprinklers with Heat-Responsive Element:
	F. Sprinkler Finishes: Chrome plated.
	G. Special Coatings:  corrosion-resistant paint.
	H. Sprinkler Escutcheons: Materials, types, and finishes for the following sprinkler mounting applications. Escutcheons for concealed, flush, and recessed-type sprinklers are specified with sprinklers.
	I. Sprinkler Guards:

	2.7 ALARM DEVICES
	A. Alarm-device types shall match piping and equipment connections.
	B. Electrically Operated Alarm Bell:
	C. Pressure Switches:
	D. Valve Supervisory Switches:

	2.8 PRESSURE GAGES
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Standard: UL 393.
	C. Dial Size: 3-1/2- to 4-1/2-inchdiameter.
	D. Pressure Gage Range: 0- to 250-psigminimum.
	E. Label: Include "WATER" or "AIR/WATER" label on dial face.
	F. Air System Piping Gage: Include "AIR" or "AIR/WATER" label on dial face.


	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Perform fire-hydrant flow test according to NFPA 13 and NFPA 291. Use results for system design calculations required in "Quality Assurance" Article.
	B. Report test results promptly and in writing.

	3.2 SERVICE-ENTRANCE PIPING
	A. Connect sprinkler piping to water-service piping for service entrance to building. Comply with requirements in Section 211100 "Facility Fire-Suppression Water-Service Piping" for exterior piping.
	B. Install shutoff valve, backflow preventer, pressure gage, drain, and other accessories indicated at connection to water-service piping. Comply with requirements for backflow preventers in Division 21 "Facility Fire-Suppression Water-Service Piping."
	C. Install shutoff valve, check valve, pressure gage, and drain at connection to water service.

	3.3 PIPING INSTALLATION
	A. Locations and Arrangements: Drawing plans, schematics, and diagrams indicate general location and arrangement of piping. Install piping as indicated on approved working plans.
	B. Piping Standard: Comply with NFPA 13 requirements for installation of sprinkler piping.
	C. Install seismic restraints on piping. Comply with NFPA 13 requirements for seismic-restraint device materials and installation.
	D. Use listed fittings to make changes in direction, branch takeoffs from mains, and reductions in pipe sizes.
	E. Install unions adjacent to each valve in pipes NPS 2and smaller.
	F. Install flanges, flange adapters, or couplings for grooved-end piping on valves, apparatus, and equipment having NPS 2-1/2and larger end connections.
	G. Install "Inspector's Test Connections" in sprinkler system piping, complete with shutoff valve, and sized and located according to NFPA 13.
	H. Install sprinkler piping with drains for complete system drainage.
	I. Install sprinkler control valves, test assemblies, and drain risers adjacent to standpipes when sprinkler piping is connected to standpipes.
	J. Install automatic (ball drip) drain valves to drain piping between fire department connections and check valves. Drain to floor drain or to outside building.
	K. Connect air compressor to the following piping and wiring:
	L. Install alarm devices in piping systems.
	M. Install hangers and supports for sprinkler system piping according to NFPA 13. Comply with requirements in NFPA 13. In seismic-rated areas, refer to Division 21"Vibration and Seismic Controls for Fire-Suppression Piping and Equipment."
	N. Install pressure gages on riser or feed main, at each sprinkler test connection, and at top of each standpipe. Include pressure gages with connection not less than NPS 1/4and with soft-metal seated globe valve, arranged for draining pipe between gage and valve. Install gages to permit removal, and install where they are not subject to freezing.
	O. Drain dry-pipe sprinkler piping.
	P. Pressurize and check dry-pipe sprinkler system piping and air-pressure maintenance devices.
	Q. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements for sleeves specified in Division 21"Sleeves and Sleeve Seals for Fire-Suppression Piping."
	R. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with requirements for sleeve seals specified in Division 21"Sleeves and Sleeve Seals for Fire-Suppression Piping."
	S. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with requirements for escutcheons specified in Division 21"Escutcheons for Fire-Suppression Piping."

	3.4 JOINT CONSTRUCTION
	A. Install couplings, flanges, flanged fittings, unions, nipples, and transition and special fittings that have finish and pressure ratings same as or higher than system's pressure rating for aboveground applications unless otherwise indicated.
	B. Install unions adjacent to each valve in pipes NPS 2and smaller.
	C. Install flanges, flange adapters, or couplings for grooved-end piping on valves, apparatus, and equipment having NPS 2-1/2and larger end connections.
	D. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.
	E. Remove scale, slag, dirt, and debris from inside and outside of pipes, tubes, and fittings before assembly.
	F. Flanged Joints: Select appropriate gasket material in size, type, and thickness suitable for water service. Join flanges with gasket and bolts according to ASME B31.9.
	G. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore full ID. Join pipe fittings and valves as follows:
	H. Steel-Piping, Cut-Grooved Joints: Cut square-edge groove in end of pipe according to AWWA C606. Assemble coupling with housing, gasket, lubricant, and bolts. Join steel pipe and grooved-end fittings according to AWWA C606 for steel-pipe joints.
	I. Dissimilar-Material Piping Joints: Make joints using adapters compatible with materials of both piping systems.

	3.5 VALVE AND SPECIALTIES INSTALLATION
	A. Install listed fire-protection valves, trim and drain valves, specialty valves and trim, controls, and specialties according to NFPA 13 and authorities having jurisdiction.
	B. Install listed fire-protection shutoff valves supervised open, located to control sources of water supply except from fire-department connections. Install permanent identification signs indicating portion of system controlled by each valve.
	C. Install check valve in each water-supply connection. Install backflow preventers instead of check valves in potable-water-supply sources.
	D. Specialty Valves:

	3.6 SPRINKLER INSTALLATION
	A. Install sprinklers in suspended ceilings in center of narrow dimension of acoustical ceiling panels.
	B. Install dry-type sprinklers with water supply from heated space. Do not install pendent or sidewall, wet-type sprinklers in areas subject to freezing.
	C. Install sprinklers into flexible, sprinkler hose fittings, and install hose into bracket on ceiling grid.

	3.7 IDENTIFICATION
	A. Install labeling and pipe markers on equipment and piping according to requirements in NFPA 13.
	B. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."

	3.8 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	B. Sprinkler piping system will be considered defective if it does not pass tests and inspections.
	C. Prepare test and inspection reports.

	3.9 CLEANING
	A. Clean dirt and debris from sprinklers.
	B. Only sprinklers with their original factory finish are acceptable. Remove and replace any sprinklers that are painted or have any other finish than their original factory finish.

	3.10 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain specialty valves.

	3.11 PIPING SCHEDULE
	A. Piping between Fire Department Connections and Check Valves: Galvanized, standard-weight steel pipe with grooved ends, grooved-end fittings, grooved-end-pipe couplings, and grooved joints.
	B. Sprinkler specialty fittings may be used, downstream of control valves, instead of specified fittings.
	C. Copper-tube, extruded-tee connections may be used for tee branches in copper tubing instead of specified copper fittings. Branch-connection joints must be brazed.
	D. Dry-pipe sprinkler system,smaller than NPS 4, shall be one of the following:
	E. Dry-pipe sprinkler system,NPS 4 and larger, shall be one of the following:

	3.12 SPRINKLER SCHEDULE
	A. Use sprinkler types in subparagraphs below for the following applications:
	B. Provide sprinkler types in subparagraphs below with finishes indicated.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.


	PART 2 -  PRODUCTS
	2.1 SLEEVES
	A. Cast-Iron Wall Pipes: Cast or fabricated of cast or ductile iron and equivalent to ductile-iron pressure pipe, with plain ends and integral waterstop unless otherwise indicated.
	B. Galvanized-Steel Wall Pipes: ASTM A 53/A 53M, Schedule 40, with plain ends and welded steel collar; zinc coated.
	C. Galvanized-Steel-Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, with plain ends.
	D. PVC-Pipe Sleeves: ASTM D 1785, Schedule 40.  PVC may only be allowed with written permission from AHJ.
	E. Galvanized-Steel-Sheet Sleeves: 0.0239-inch minimum thickness; round tube closed with welded longitudinal joint.
	F. Molded-PVC Sleeves: With nailing flange for attaching to wooden forms. PVC may only be allowed with written permission from AHJ.

	2.2 STACK-SLEEVE FITTINGS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Description: Manufactured, cast-iron sleeve with integral clamping flange. Include clamping ring, bolts, and nuts for membrane flashing.

	2.3 SLEEVE-SEAL SYSTEMS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Description: Modular sealing-element unit, designed for field assembly, for filling annular space between piping and sleeve.

	2.4 SLEEVE-SEAL FITTINGS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Description: Manufactured plastic, sleeve-type, waterstop assembly made for imbedding in concrete slab or wall. Unit has plastic or rubber waterstop collar with center opening to match piping OD.

	2.5 GROUT
	A. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
	B. Characteristics: Nonshrink; recommended for interior and exterior applications.
	C. Design Mix: 5000-psi, 28-day compressive strength.
	D. Packaging: Premixed and factory packaged.


	PART 3 -  EXECUTION
	3.1 SLEEVE INSTALLATION
	A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and walls.
	B. For sleeves that will have sleeve-seal system installed, select sleeves of size large enough to provide 1-inch annular clear space between piping and concrete slabs and walls.
	C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs and walls are constructed.
	D. Install sleeves for pipes passing through interior partitions.
	E. Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe penetrations. Seal pipe penetrations with firestop materials. Comply with requirements for firestopping specified in Section 078413 "Penetration Firestopping."

	3.2 STACK-SLEEVE-FITTING INSTALLATION
	A. Install stack-sleeve fittings in new slabs as slabs are constructed.
	B. Fire-Barrier Penetrations: Maintain indicated fire rating of floors at pipe penetrations. Seal pipe penetrations with firestop materials. Comply with requirements for firestopping specified in Section 078413 "Penetration Firestopping."

	3.3 SLEEVE-SEAL-SYSTEM INSTALLATION
	A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at service piping entries into building.
	B. Select type, size, and number of sealing elements required for piping material and size and for sleeve ID or hole size. Position piping in center of sleeve. Center piping in penetration, assemble sleeve-seal system components, and install in annular space between piping and sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make a watertight seal.

	3.4 SLEEVE-SEAL-FITTING INSTALLATION
	A. Install sleeve-seal fittings in new walls and slabs as they are constructed.
	B. Assemble fitting components of length to be flush with both surfaces of concrete slabs and walls. Position waterstop flange to be centered in concrete slab or wall.
	C. Secure nailing flanges to concrete forms.
	D. Using grout, seal the space around outside of sleeve-seal fittings.

	3.5 SLEEVE AND SLEEVE-SEAL SCHEDULE
	A. Use sleeves and sleeve seals for the following piping-penetration applications:
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Sections:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.


	PART 2 -  PRODUCTS
	2.1 ESCUTCHEONS
	A. One-Piece, Cast-Brass Type: With polished, chrome-plated finish and setscrew fastener.
	B. One-Piece, Deep-Pattern Type: Deep-drawn, box-shaped brass with chrome-plated finish and spring-clip fasteners.
	C. One-Piece, Stamped-Steel Type: With chrome-plated finish and spring-clip fasteners.
	D. Split-Casting Brass Type: With polished, chrome-plated finish and with concealed hinge and setscrew.
	E. Split-Plate, Stamped-Steel Type: With chrome-plated finish, concealed and exposed-rivet hinge, and spring-clip fasteners.

	2.2 FLOOR PLATES
	A. One-Piece Floor Plates: Cast-iron flange with holes for fasteners.
	B. Split-Casting Floor Plates: Cast brass with concealed hinge.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install escutcheons for piping penetrations of walls, ceilings, and finished floors.
	B. Install escutcheons with ID to closely fit around pipe, tube, and insulation of insulated piping and with OD that completely covers opening.
	C. Install floor plates for piping penetrations of equipment-room floors.
	D. Install floor plates with ID to closely fit around pipe, tube, and insulation of piping and with OD that completely covers opening.

	3.2 FIELD QUALITY CONTROL
	A. Replace broken and damaged escutcheons and floor plates using new materials.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	1.2 SUMMARY
	A. Section Includes:
	B. Related Requirements:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.

	1.4 INFORMATIONAL SUBMITTALS
	A. Product Certificates: For each type of meter and gage.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For meters and gages to include in operation and maintenance manuals.


	PART 2 -  PRODUCTS
	2.1 PRESSURE GAGES
	A. Direct-Mounted, Metal-Case, Dial-Type Pressure Gages:
	B. Remote-Mounted, Metal-Case, Dial-Type Pressure Gages:

	2.2 GAGE ATTACHMENTS
	A. Snubbers: ASME B40.100, brass; with NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe threads and piston-type surge-dampening device. Include extension for use on insulated piping.
	B. Valves:  Brass or stainless-steel needle, with NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe threads.

	2.3 TEST PLUGS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Description: Test-station fitting made for insertion into piping tee fitting.
	C. Body: Brass or stainless steel with core inserts and gasketed and threaded cap. Include extended stem on units to be installed in insulated piping.
	D. Thread Size:  NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe thread.
	E. Minimum Pressure and Temperature Rating:  500 psig at 200 deg F.
	F. Core Inserts:  Chlorosulfonated polyethylene synthetic and EPDM self-sealing rubber.

	2.4 TEST-PLUG KITS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Furnish one test-plug kit(s) containing one pressure gage, adapter and carrying case. Pressure gage, and adapter probes shall be of diameter to fit test plugs and of length to project into piping.
	C. Pressure Gage: Small, Bourdon-tube insertion type with 2- to 3-inch- diameter dial and probe. Dial range shall be at least 0 to 200 psig.
	D. Carrying Case: Metal or plastic, with formed instrument padding.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install direct-mounted pressure gages in piping tees with pressure gage located on pipe at the most readable position.
	B. Install remote-mounted pressure gages on panel.
	C. Install valve and snubber in piping for each pressure gage for fluids.
	D. Install test plugs in piping tees.
	E. Install pressure gages in the following locations:

	3.2 CONNECTIONS
	A. Install meters and gages adjacent to machines and equipment to allow service and maintenance of meters, gages, machines, and equipment.

	3.3 ADJUSTING
	A. Adjust faces of meters and gages to proper angle for best visibility.

	3.4 PRESSURE-GAGE SCHEDULE
	A. Pressure gages at discharge of each water service into building shall be one of the following:
	B. Pressure gages at inlet and outlet of each water pressure-reducing valve shall be one of the following:

	3.5 PRESSURE-GAGE SCALE-RANGE SCHEDULE
	A. Scale Range for Water Service Piping:  0 to 160 psi.
	B. Scale Range for Domestic Water Piping:  0 to 160 psi.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. CWP: Cold working pressure.
	B. EPDM: Ethylene propylene-diene terpolymer rubber.
	C. NBR: Acrylonitrile-butadiene, Buna-N, or nitrile rubber.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of valve.

	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Prepare valves for shipping as follows:
	B. Use the following precautions during storage:
	C. Use sling to handle large valves; rig sling to avoid damage to exposed parts. Do not use handwheels or stems as lifting or rigging points.


	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR VALVES
	A. Source Limitations for Valves: Obtain each type of valve from single source from single manufacturer.
	B. ASME Compliance:
	C. AWWA Compliance: Comply with AWWA C606 for grooved-end connections.
	D. NSF Compliance: NSF 61 Annex G and NSF 372 for valve materials for potable-water service.
	E. Bronze valves shall be made with dezincification-resistant materials. Bronze valves made with copper alloy (brass) containing more than 15 percent zinc are not permitted.
	F. Valve Pressure-Temperature Ratings: Not less than indicated and as required for system pressures and temperatures.
	G. Valve Sizes: Same as upstream piping unless otherwise indicated.
	H. Valve Bypass and Drain Connections: MSS SP-45.

	2.2 BRONZE SWING CHECK VALVES
	A. Bronze Swing Check Valves with Nonmetallic Disc, Class 125:


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove special packing materials, such as blocks, used to prevent disc movement during shipping and handling.
	B. Operate valves in positions from fully open to fully closed. Examine guides and seats made accessible by such operations.
	C. Examine threads on valve and mating pipe for form and cleanliness.
	D. Do not attempt to repair defective valves; replace with new valves.

	3.2 VALVE INSTALLATION
	A. Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.
	B. Locate valves for easy access and provide separate support where necessary.
	C. Install valves in horizontal piping with stem at or above center of pipe.
	D. Install valves in position to allow full stem movement.
	E. Install check valves for proper direction of flow and as follows:
	F. Install valve tags. Comply with requirements in Section 220553 "Identification for Plumbing Piping and Equipment" for valve tags and schedules.

	3.3 ADJUSTING
	A. Adjust or replace valve packing after piping systems have been tested and put into service but before final adjusting and balancing. Replace valves if persistent leaking occurs.

	3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
	A. If valves with specified CWP ratings are unavailable, the same types of valves with higher CWP ratings may be substituted.
	B. End Connections:

	3.5 HEATING-WATER VALVE SCHEDULE
	A. Pipe NPS 2 and Smaller:
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. CWP: Cold working pressure.
	B. NRS: Nonrising stem.
	C. RS: Rising stem.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of valve.

	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Prepare valves for shipping as follows:
	B. Use the following precautions during storage:
	C. Use sling to handle large valves; rig sling to avoid damage to exposed parts. Do not use handwheels or stems as lifting or rigging points.


	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR VALVES
	A. Source Limitations for Valves: Obtain each type of valve from single source from single manufacturer.
	B. ASME Compliance:
	C. NSF Compliance: NSF 61 Annex G and NSF 372 for valve materials for potable-water service.
	D. Bronze valves shall be made with dezincification-resistant materials. Bronze valves made with copper alloy (brass) containing more than 15 percent zinc are not permitted.
	E. Valve Pressure-Temperature Ratings: Not less than indicated and as required for system pressures and temperatures.
	F. Valve Sizes: Same as upstream piping unless otherwise indicated.
	G. RS Valves in Insulated Piping: With 2-inch stem extensions.
	H. Valve Bypass and Drain Connections: MSS SP-45.

	2.2 BRONZE GATE VALVES
	A. Class 125, NRS, Bronze Gate Valves:
	B. Class 125, RS, Bronze Gate Valves:
	C. Class 150, NRS, Bronze Gate Valves:
	D. Class 150, RS, Bronze Gate Valves:


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove special packing materials, such as blocks, used to prevent disc movement during shipping and handling.
	B. Operate valves in positions from fully open to fully closed. Examine guides and seats made accessible by such operations.
	C. Examine threads on valve and mating pipe for form and cleanliness.
	D. Examine mating flange faces for conditions that might cause leakage. Check bolting for proper size, length, and material. Verify that gasket is of proper size, that its material composition is suitable for service, and that it is free from defects and damage.
	E. Do not attempt to repair defective valves; replace with new valves.

	3.2 VALVE INSTALLATION
	A. Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.
	B. Locate valves for easy access and provide separate support where necessary.
	C. Install valves in horizontal piping with stem at or above center of pipe.
	D. Install valves in position to allow full stem movement.
	E. Install valve tags. Comply with requirements in Section 220553 "Identification for Plumbing Piping and Equipment" for valve tags and schedules.

	3.3 ADJUSTING
	A. Adjust or replace valve packing after piping systems have been tested and put into service but before final adjusting and balancing. Replace valves if persistent leaking occurs.

	3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
	A. Use gate valves for shutoff service only.
	B. If valves with specified CWP ratings are unavailable, the same types of valves with higher CWP ratings may be substituted.

	3.5 DOMESTIC HOT- AND COLD-WATER VALVE SCHEDULE
	A. Pipe NPS 2 and Smaller: Bronze gate valves, Class 125, Class 150, NRS, RS with soldered or threaded ends.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Sections:

	1.3 DEFINITIONS
	A. MSS: Manufacturers Standardization Society of the Valve and Fittings Industry Inc.

	1.4 PERFORMANCE REQUIREMENTS
	A. Delegated Design: Design trapeze pipe hangers and equipment supports, including comprehensive engineering analysis by a qualified professional engineer, using performance requirements and design criteria indicated.
	B. Structural Performance: Hangers and supports for plumbing piping and equipment shall withstand the effects of gravity loads and stresses within limits and under conditions indicated according to ASCE/SEI 7.

	1.5 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.
	B. Shop Drawings: Signed and sealed by a qualified professional engineer. Show fabrication and installation details and include calculations for the following; include Product Data for components:
	C. Delegated-Design Submittal: For trapeze hangers indicated to comply with performance requirements and design criteria, including analysis data signed and sealed by the qualified professional engineer responsible for their preparation.

	1.6 INFORMATIONAL SUBMITTALS
	A. Welding certificates.

	1.7 QUALITY ASSURANCE
	A. Structural Steel Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	B. Pipe Welding Qualifications: Qualify procedures and operators according to ASME Boiler and Pressure Vessel Code.


	PART 2 -  PRODUCTS
	2.1 METAL PIPE HANGERS AND SUPPORTS
	A. Carbon-Steel Pipe Hangers and Supports:
	B. Copper Pipe Hangers:

	2.2 TRAPEZE PIPE HANGERS
	A. Description: MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly made from structural carbon-steel shapes with MSS SP-58 carbon-steel hanger rods, nuts, saddles, and U-bolts.

	2.3 METAL FRAMING SYSTEMS
	A. MFMA Manufacturer Metal Framing Systems:
	B. Non-MFMA Manufacturer Metal Framing Systems:

	2.4 THERMAL-HANGER SHIELD INSERTS
	A. Manufacturers: Subject to compliance with requirements, provide products by the following:
	B. Insulation-Insert Material for Cold Piping:  ASTM C 552, Type II cellular glass with 100-psig minimum compressive strength and vapor barrier.
	C. Insulation-Insert Material for Hot Piping:  ASTM C 552, Type II cellular glass with 100-psig minimum compressive strength.
	D. For Trapeze or Clamped Systems: Insert and shield shall cover entire circumference of pipe.
	E. For Clevis or Band Hangers: Insert and shield shall cover lower 180 degrees of pipe.
	F. Insert Length: Extend 2 inches beyond sheet metal shield for piping operating below ambient air temperature.

	2.5 FASTENER SYSTEMS
	A. Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated steel anchors, for use in hardened portland cement concrete; with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.

	2.6 PIPE STANDS
	A. General Requirements for Pipe Stands: Shop or field-fabricated assemblies made of manufactured corrosion-resistant components to support roof-mounted piping.
	B. Compact Pipe Stand: One-piece plastic unit with integral-rod roller, pipe clamps, or V-shaped cradle to support pipe, for roof installation without membrane penetration.
	C. Low-Type, Single-Pipe Stand: One-piece stainless-steel base unit with plastic roller, for roof installation without membrane penetration.
	D. High-Type, Single-Pipe Stand:
	E. Curb-Mounting-Type Pipe Stands: Shop- or field-fabricated pipe supports made from structural-steel shapes, continuous-thread rods, and rollers, for mounting on permanent stationary roof curb.

	2.7 PIPE POSITIONING SYSTEMS
	A. Description: IAPMO PS 42, positioning system of metal brackets, clips, and straps for positioning piping in pipe spaces; for plumbing fixtures in commercial applications.

	2.8 EQUIPMENT SUPPORTS
	A. Description: Welded, shop- or field-fabricated equipment support made from structural carbon-steel shapes.

	2.9 MISCELLANEOUS MATERIALS
	A. Structural Steel: ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; black and galvanized.
	B. Grout: ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and nonmetallic grout; suitable for interior and exterior applications.


	PART 3 -  EXECUTION
	3.1 HANGER AND SUPPORT INSTALLATION
	A. Metal Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Install hangers, supports, clamps, and attachments as required to properly support piping from the building structure.
	B. Metal Trapeze Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Arrange for grouping of parallel runs of horizontal piping, and support together on field-fabricated trapeze pipe hangers.
	C. Metal Framing System Installation: Arrange for grouping of parallel runs of piping, and support together on field-assembled metal framing systems.
	D. Thermal-Hanger Shield Installation: Install in pipe hanger or shield for insulated piping.
	E. Fastener System Installation:
	F. Pipe Positioning-System Installation: Install support devices to make rigid supply and waste piping connections to each plumbing fixture.
	G. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts, washers, and other accessories.
	H. Equipment Support Installation: Fabricate from welded-structural-steel shapes.
	I. Install hangers and supports to allow controlled thermal and seismic movement of piping systems, to permit freedom of movement between pipe anchors, and to facilitate action of expansion joints, expansion loops, expansion bends, and similar units.
	J. Install lateral bracing with pipe hangers and supports to prevent swaying.
	K. Install building attachments within concrete slabs or attach to structural steel. Install additional attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and larger and at changes in direction of piping. Install concrete inserts before concrete is placed; fasten inserts to forms and install reinforcing bars through openings at top of inserts.
	L. Load Distribution: Install hangers and supports so that piping live and dead loads and stresses from movement will not be transmitted to connected equipment.
	M. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not exceed maximum pipe deflections allowed by ASME B31.9 for building services piping.
	N. Insulated Piping:

	3.2 EQUIPMENT SUPPORTS
	A. Fabricate structural-steel stands to suspend equipment from structure overhead or to support equipment above floor.
	B. Grouting: Place grout under supports for equipment and make bearing surface smooth.
	C. Provide lateral bracing, to prevent swaying, for equipment supports.

	3.3 METAL FABRICATIONS
	A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and equipment supports.
	B. Fit exposed connections together to form hairline joints. Field weld connections that cannot be shop welded because of shipping size limitations.
	C. Field Welding: Comply with AWS D1.1/D1.1M procedures for shielded, metal arc welding; appearance and quality of welds; and methods used in correcting welding work; and with the following:

	3.4 ADJUSTING
	A. Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to achieve indicated slope of pipe.
	B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches.

	3.5 PAINTING
	A. Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas immediately after erecting hangers and supports. Use same materials as used for shop painting. Comply with SSPC-PA 1 requirements for touching up field-painted surfaces.
	B. Touchup: Cleaning and touchup painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous metal are specified in Section 099113 "Exterior Painting." Section 099123 "Interior Painting."
	C. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM A 780.

	3.6 HANGER AND SUPPORT SCHEDULE
	A. Specific hanger and support requirements are in Sections specifying piping systems and equipment.
	B. Comply with MSS SP-69 for pipe-hanger selections and applications that are not specified in piping system Sections.
	C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will not have field-applied finish.
	D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in direct contact with copper tubing.
	E. Use carbon-steel pipe hangers and supports and attachments for general service applications.
	F. Use and corrosion-resistant attachments for hostile environment applications.
	G. Use copper-plated pipe hangers and copper   attachments for copper piping and tubing.
	H. Use padded hangers for piping that is subject to scratching.
	I. Use thermal-hanger shield inserts for insulated piping and tubing.
	J. Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	K. Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	L. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	M. Building Attachments: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	N. Saddles and Shields: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	O. Comply with MSS SP-69 for trapeze pipe-hanger selections and applications that are not specified in piping system Sections.
	P. Comply with MFMA-103 for metal framing system selections and applications that are not specified in piping system Sections.
	Q. Use mechanical-expansion anchors instead of building attachments where required in concrete construction.
	R. Use pipe positioning systems in pipe spaces behind plumbing fixtures to support supply and waste piping for plumbing fixtures.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Section:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.
	B. Samples: For color, letter style, and graphic representation required for each identification material and device.
	C. Equipment Label Schedule: Include a listing of all equipment to be labeled with the proposed content for each label.
	D. Valve numbering scheme.
	E. Valve Schedules: For each piping system to include in maintenance manuals.


	PART 2 -  PRODUCTS
	2.1 EQUIPMENT LABELS
	A. Plastic Labels for Equipment:
	B. Label Content: Include equipment's Drawing designation or unique equipment number, Drawing numbers where equipment is indicated (plans, details, and schedules), and the Specification Section number and title where equipment is specified.
	C. Equipment Label Schedule: For each item of equipment to be labeled, on 8-1/2-by-11-inch bond paper. Tabulate equipment identification number, and identify Drawing numbers where equipment is indicated (plans, details, and schedules) and the Specification Section number and title where equipment is specified. Equipment schedule shall be included in operation and maintenance data.

	2.2 WARNING SIGNS AND LABELS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 1/16 inch thick, and having predrilled holes for attachment hardware.
	C. Letter Color:  White.
	D. Background Color:  Red.
	E. Maximum Temperature: Able to withstand temperatures up to 160 deg F.
	F. Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch.
	G. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering for greater viewing distances. Include secondary lettering two-thirds to three-quarters the size of principal lettering.
	H. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.
	I. Label Content: Include caution and warning information plus emergency notification instructions.

	2.3 PIPE LABELS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with lettering indicating service, and showing flow direction.
	C. Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive backing.
	D. Pipe Label Contents: Include identification of piping service using same designations or abbreviations as used on Drawings; also include pipe size and an arrow indicating flow direction.

	2.4 VALVE TAGS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Valve Tags: Stamped or engraved with 1/4-inch letters for piping system abbreviation and 1/2-inch numbers.
	C. Valve Schedules: For each piping system, on 8-1/2-by-11-inch bond paper. Tabulate valve number, piping system, system abbreviation (as shown on valve tag), location of valve (room or space), normal-operating position (open, closed, or modulating), and variations for identification. Mark valves for emergency shutoff and similar special uses.

	2.5 WARNING TAGS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Description: Preprinted or partially preprinted accident-prevention tags of plasticized card stock with matte finish suitable for writing.


	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Clean piping and equipment surfaces of substances that could impair bond of identification devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and encapsulants.

	3.2 GENERAL INSTALLATION REQUIREMENTS
	A. Coordinate installation of identifying devices with completion of covering and painting of surfaces where devices are to be applied.
	B. Coordinate installation of identifying devices with locations of access panels and doors.
	C. Install identifying devices before installing acoustical ceilings and similar concealment.

	3.3 EQUIPMENT LABEL INSTALLATION
	A. Install or permanently fasten labels on each major item of mechanical equipment.
	B. Locate equipment labels where accessible and visible.

	3.4 PIPE LABEL INSTALLATION
	A. Piping Color Coding: Painting of piping is specified in Section 099123 "Interior Painting."
	B. Pipe Label Locations: Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior exposed locations as follows:
	C. Directional Flow Arrows: Arrows shall be used to indicate direction of flow in pipes, including pipes where flow is allowed in both directions.
	D. Pipe Label Color Schedule:

	3.5 VALVE-TAG INSTALLATION
	A. Install tags on valves and control devices in piping systems, except check valves, valves within factory-fabricated equipment units, shutoff valves, faucets, convenience and lawn-watering hose connections, and similar roughing-in connections of end-use fixtures and units. List tagged valves in a valve schedule.
	B. Valve-Tag Application Schedule: Tag valves according to size, shape, and color scheme and with captions similar to those indicated in the following subparagraphs:

	3.6 WARNING-TAG INSTALLATION
	A. Write required message on, and attach warning tags to, equipment and other items where required.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Sections:

	1.3 ACTION SUBMITTALS
	A. Product Data: For transition fittings and dielectric fittings.

	1.4 INFORMATIONAL SUBMITTALS
	A. System purging and disinfecting activities report.
	B. Field quality-control reports.

	1.5 FIELD CONDITIONS
	A. Interruption of Existing Water Service: Do not interrupt water service to facilities occupied by Owner or others unless permitted:


	PART 2 -  PRODUCTS
	2.1 PIPING MATERIALS
	A. Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, fitting materials, and joining methods for specific services, service locations, and pipe sizes.
	B. Potable-water piping and components shall comply with NSF 14 and NSF 61 Annex G. Plastic piping components shall be marked with "NSF-pw."

	2.2 COPPER TUBE AND FITTINGS
	A. Hard Copper Tube:  ASTM B 88, Type L water tube, drawn temper.
	B. Soft Copper Tube:  ASTM B 88, Type K and ASTM B 88, Type L water tube, annealed temper.
	C. Cast-Copper, Solder-Joint Fittings: ASME B16.18, pressure fittings.
	D. Wrought-Copper, Solder-Joint Fittings: ASME B16.22, wrought-copper pressure fittings.
	E. Bronze Flanges: ASME B16.24, Class 150, with solder-joint ends.
	F. Copper Unions:

	2.3 DUCTILE-IRON PIPE AND FITTINGS
	A. Mechanical-Joint, Ductile-Iron Pipe:

	2.4 PIPING JOINING MATERIALS
	A. Pipe-Flange Gasket Materials:
	B. Metal, Pipe-Flange Bolts and Nuts: ASME B18.2.1, carbon steel unless otherwise indicated.
	C. Solder Filler Metals: ASTM B 32, lead-free alloys.
	D. Flux: ASTM B 813, water flushable.
	E. Brazing Filler Metals: AWS A5.8/A5.8M, BCuP Series, copper-phosphorus alloys for general-duty brazing unless otherwise indicated.

	2.5 ENCASEMENT FOR PIPING
	A. Standard: ASTM A 674 or AWWA C105/A21.5.
	B. Form:  Sheet or tube.
	C. Color:  Black.

	2.6 TRANSITION FITTINGS
	A. General Requirements:
	B. Fitting-Type Transition Couplings: Manufactured piping coupling or specified piping system fitting.
	C. Sleeve-Type Transition Coupling: AWWA C219.

	2.7 DIELECTRIC FITTINGS
	A. General Requirements: Assembly of copper alloy and ferrous materials with separating nonconductive insulating material. Include end connections compatible with pipes to be joined.
	B. Dielectric Unions:
	C. Dielectric Flanges:
	D. Dielectric-Flange Insulating Kits:
	E. Dielectric Nipples:


	PART 3 -  EXECUTION
	3.1 EARTHWORK
	A. Comply with requirements in Section 312000 "Earth Moving" for excavating, trenching, and backfilling.

	3.2 PIPING INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of domestic water piping. Indicated locations and arrangements are used to size pipe and calculate friction loss, expansion, and other design considerations. Install piping as indicated unless deviations to layout are approved on coordination drawings.
	B. Install copper tubing under building slab according to CDA's "Copper Tube Handbook."
	C. Install ductile-iron piping under building slab with restrained joints according to AWWA C600 and AWWA M41.
	D. Install underground copper tube and ductile-iron pipe in PE encasement according to ASTM A 674 or AWWA C105/A21.5.
	E. Install shutoff valve, hose-end drain valve, strainer, pressure gage, and test tee with valve inside the building at each domestic water-service entrance. Comply with requirements for pressure gages in Section 220519 "Meters and Gages for Plumbing Piping" and with requirements for drain valves and strainers in Section 221119 "Domestic Water Piping Specialties."
	F. Install shutoff valve immediately upstream of each dielectric fitting.
	G. Install water-pressure-reducing valves downstream from shutoff valves. Comply with requirements for pressure-reducing valves in Section 221119 "Domestic Water Piping Specialties."
	H. Install domestic water piping level without pitch and plumb.
	I. Rough-in domestic water piping for water-meter installation according to utility company's requirements.
	J. Install piping concealed from view and protected from physical contact by building occupants unless otherwise indicated and except in equipment rooms and service areas.
	K. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated otherwise.
	L. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal, and coordinate with other services occupying that space.
	M. Install piping to permit valve servicing.
	N. Install nipples, unions, special fittings, and valves with pressure ratings the same as or higher than the system pressure rating used in applications below unless otherwise indicated.
	O. Install piping free of sags and bends.
	P. Install fittings for changes in direction and branch connections.
	Q. Install unions in copper tubing at final connection to each piece of equipment, machine, and specialty.
	R. Install thermometers on inlet and outlet piping from each water heater. Comply with requirements for thermometers in Section 220519 "Meters and Gages for Plumbing Piping."
	S. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements for sleeves specified in Section 220517 "Sleeves and Sleeve Seals for Plumbing Piping."
	T. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with requirements for sleeve seals specified in Section 220517 "Sleeves and Sleeve Seals for Plumbing Piping."
	U. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with requirements for escutcheons specified in Section 220518 "Escutcheons for Plumbing Piping."

	3.3 JOINT CONSTRUCTION
	A. Ream ends of pipes and tubes and remove burrs.
	B. Remove scale, slag, dirt, and debris from inside and outside of pipes, tubes, and fittings before assembly.
	C. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore full ID. Join pipe fittings and valves as follows:
	D. Brazed Joints for Copper Tubing: Comply with CDA's "Copper Tube Handbook," "Brazed Joints" chapter.
	E. Soldered Joints for Copper Tubing: Apply ASTM B 813, water-flushable flux to end of tube. Join copper tube and fittings according to ASTM B 828 or CDA's "Copper Tube Handbook."
	F. Pressure-Sealed Joints for Copper Tubing: Join copper tube and pressure-seal fittings with tools
	G. Joints for Dissimilar-Material Piping: Make joints using adapters compatible with materials of both piping systems.

	3.4 TRANSITION FITTING INSTALLATION
	A. Install transition couplings at joints of dissimilar piping.
	B. Transition Fittings in Underground Domestic Water Piping:

	3.5 DIELECTRIC FITTING INSTALLATION
	A. Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.
	B. Dielectric Fittings for NPS 2 and Smaller: Use dielectric couplings or nipples, unions.
	C. Dielectric Fittings for NPS 2-1/2 to NPS 4: Use dielectric flanges.

	3.6 HANGER AND SUPPORT INSTALLATION
	A. Comply with requirements for seismic-restraint devices in Section 220548 "Vibration and Seismic Controls for Plumbing Piping and Equipment."
	B. Comply with requirements for pipe hanger, support products, and installation in Section 220529 "Hangers and Supports for Plumbing Piping and Equipment."
	C. Support vertical piping and tubing at base and at each floor.
	D. Rod diameter may be reduced one size for double-rod hangers, to a minimum of 3/8 inch.
	E. Install hangers for copper tubing with the following maximum horizontal spacing and minimum rod diameters: NPS 3/4 and Smaller: 60 inches with 3/8-inch rod. NPS 1 and NPS 1-1/4: 72 inches with 3/8-inch rod. NPS 1-1/2 and NPS 2: 96 inches with 3/8-inch rod. NPS 2-1/2: 108 inches with 1/2-inch rod. NPS 3 to NPS 5: 10 feet with 1/2-inch rod. NPS 6: 10 feet with 5/8-inch rod. NPS 8: 10 feet with 3/4-inch rod.
	F. Install supports for vertical copper tubing every 10 feet.

	3.7 CONNECTIONS
	A. Drawings indicate general arrangement of piping, fittings, and specialties.
	B. When installing piping adjacent to equipment and machines, allow space for service and maintenance.
	C. Connect domestic water piping to exterior water-service piping. Use transition fitting to join dissimilar piping materials.
	D. Connect domestic water piping to water-service piping with shutoff valve; extend and connect to the following:

	3.8 IDENTIFICATION
	A. Identify system components. Comply with requirements for identification materials and installation in Section 220553 "Identification for Plumbing Piping and Equipment."
	B. Label pressure piping with system operating pressure.

	3.9 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	B. Domestic water piping will be considered defective if it does not pass tests and inspections.
	C. Prepare test and inspection reports.

	3.10 ADJUSTING
	A. Perform the following adjustments before operation:

	3.11 CLEANING
	A. Clean and disinfect potable domestic water piping as follows:
	B. Clean non-potable domestic water piping as follows:
	C. Prepare and submit reports of purging and disinfecting activities. Include copies of water-sample approvals from authorities having jurisdiction.
	D. Clean interior of domestic water piping system. Remove dirt and debris as work progresses.

	3.12 PIPING SCHEDULE
	A. Transition and special fittings with pressure ratings at least equal to piping rating may be used in applications below unless otherwise indicated.
	B. Flanges and unions may be used for aboveground piping joints unless otherwise indicated.
	C. Fitting Option: Extruded-tee connections and brazed joints may be used on aboveground copper tubing.
	D. Under-building-slab, domestic water, building-service piping, NPS 3 and smaller, shall be the following:
	E. Under-building-slab, domestic water, building-service piping, NPS 4 to NPS 8 and larger, shall be one of the following:
	F. Under-building-slab, combined domestic water, building-service, and fire-service-main piping, NPS 6 to NPS 12, shall be the following:
	G. Aboveground domestic water piping, NPS 2 and smaller, shall be the following:
	H. Aboveground domestic water piping, NPS 2-1/2 to NPS 4, shall be the following:

	3.13 VALVE SCHEDULE
	A. Drawings indicate valve types to be used. Where specific valve types are not indicated, the following requirements apply:
	B. Use check valves to maintain correct direction of domestic water flow to and from equipment.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Requirements:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: For domestic water piping specialties.

	1.4 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For domestic water piping specialties to include in emergency, operation, and maintenance manuals.


	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR PIPING SPECIALTIES
	A. Potable-water piping and components shall comply with NSF 61 Annex G and NSF 14.

	2.2 PERFORMANCE REQUIREMENTS
	A. Minimum Working Pressure for Domestic Water Piping Specialties:  125 psig unless otherwise indicated.

	2.3 VACUUM BREAKERS
	A. Pipe-Applied, Atmospheric-Type Vacuum Breakers:
	B. Hose-Connection Vacuum Breakers:

	2.4 BACKFLOW PREVENTERS
	A. Reduced-Pressure-Principle Backflow Preventers:
	B. Double-Check, Backflow-Prevention Assemblies:

	2.5 WATER PRESSURE-REDUCING VALVES
	A. Water Regulators:

	2.6 BALANCING VALVES
	A. Copper-Alloy Calibrated Balancing Valves:

	2.7 TEMPERATURE-ACTUATED, WATER MIXING VALVES
	A. Water-Temperature Limiting Devices:
	B. Individual-Fixture, Water Tempering Valves:

	2.8 STRAINERS FOR DOMESTIC WATER PIPING
	A. Y-Pattern Strainers:

	2.9 HOSE BIBBS
	A. Hose Bibbs:

	2.10 WALL HYDRANTS
	A. Nonfreeze Wall Hydrants:

	2.11 DRAIN VALVES
	A. Ball-Valve-Type, Hose-End Drain Valves:
	B. Gate-Valve-Type, Hose-End Drain Valves:

	2.12 WATER-HAMMER ARRESTERS
	A. Water-Hammer Arresters:

	2.13 AIR VENTS
	A. Bolted-Construction Automatic Air Vents:

	2.14 TRAP-SEAL PRIMER DEVICE
	A. Supply-Type, Trap-Seal Primer Device:

	2.15 FLEXIBLE CONNECTORS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Bronze-Hose Flexible Connectors: Corrugated-bronze tubing with bronze wire-braid covering and ends brazed to inner tubing.
	C. Stainless-Steel-Hose Flexible Connectors: Corrugated-stainless-steel tubing with stainless-steel wire-braid covering and ends welded to inner tubing.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install backflow preventers in each water supply to mechanical equipment and systems and to other equipment and water systems that may be sources of contamination. Comply with authorities having jurisdiction.
	B. Install balancing valves in locations where they can easily be adjusted.
	C. Install temperature-actuated, water mixing valves with check stops or shutoff valves on inlets and with shutoff valve on outlet.
	D. Install Y-pattern strainers for water on supply side of each water pressure-reducing valve solenoid valve.
	E. Install water-hammer arresters in water piping according to PDI-WH 201.
	F. Install air vents at high points of water piping. Install drain piping and discharge onto floor drain.
	G. Install supply-type, trap-seal primer valves with outlet piping pitched down toward drain trap a minimum of 1 percent, and connect to floor-drain body, trap, or inlet fitting. Adjust valve for proper flow.

	3.2 CONNECTIONS
	A. Comply with requirements for ground equipment in Section 260526 "Grounding and Bonding for Electrical Systems."
	B. Fire-retardant-treated-wood blocking is specified in Section 260519 "Low-Voltage Electrical Power Conductors and Cables" for electrical connections.

	3.3 LABELING AND IDENTIFYING
	A. Equipment Nameplates and Signs: Install engraved plastic-laminate equipment nameplate or sign on or near each of the following:
	B. Distinguish among multiple units, inform operator of operational requirements, indicate safety and emergency precautions, and warn of hazards and improper operations, in addition to identifying unit. Nameplates and signs are specified in Section 220553 "Identification for Plumbing Piping and Equipment."

	3.4 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	B. Domestic water piping specialties will be considered defective if they do not pass tests and inspections.
	C. Prepare test and inspection reports.

	3.5 ADJUSTING
	A. Set field-adjustable pressure set points of water pressure-reducing valves.
	B. Set field-adjustable flow set points of balancing valves.
	C. Set field-adjustable temperature set points of temperature-actuated, water mixing valves.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Sections;

	1.3 PERFORMANCE REQUIREMENTS
	A. Components and installation shall be capable of withstanding the following minimum working pressure unless otherwise indicated:

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.
	B. Shop Drawings: For sovent drainage system. Include plans, elevations, sections, and details.

	1.5 INFORMATIONAL SUBMITTALS
	A. Seismic Qualification Certificates: For waste and vent piping, accessories, and components, from manufacturer.
	B. Field quality-control reports.

	1.6 QUALITY ASSURANCE
	A. Piping materials shall bear label, stamp, or other markings of specified testing agency.
	B. Comply with NSF/ANSI 14, "Plastics Piping Systems Components and Related Materials," for plastic piping components. Include marking with "NSF-dwv" for plastic drain, waste, and vent piping and "NSF-sewer" for plastic sewer piping.

	1.7 PROJECT CONDITIONS
	A. Interruption of Existing Sanitary Waste Service: Do not interrupt service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary service according to requirements indicated:


	PART 2 -  PRODUCTS
	2.1 PIPING MATERIALS
	A. Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, fitting materials, and joining methods for specific services, service locations, and pipe sizes.

	2.2 HUB-AND-SPIGOT, CAST-IRON SOIL PIPE AND FITTINGS
	A. Pipe and Fittings: ASTM A 74, Service, Extra Heavy class(es).
	B. Gaskets: ASTM C 564, rubber.
	C. Calking Materials: ASTM B 29, pure lead and oakum or hemp fiber.

	2.3 HUBLESS, CAST-IRON SOIL PIPE AND FITTINGS
	A. Pipe and Fittings: ASTM A 888 or CISPI 301.
	B. Sovent Stack Fittings: ASME B16.45 or ASSE 1043, hubless, cast-iron aerator and deaerator drainage fittings.
	C. CISPI, Hubless-Piping Couplings:
	D. Heavy-Duty, Hubless-Piping Couplings:
	E. Cast-Iron, Hubless-Piping Couplings:

	2.4 DUCTILE-IRON PIPE AND FITTINGS
	A. Ductile-Iron, Mechanical-Joint Piping:
	B. Ductile-Iron, Push-on-Joint Piping:

	2.5 COPPER TUBE AND FITTINGS
	A. Copper DWV Tube: ASTM B 306, drainage tube, drawn temper.
	B. Copper Drainage Fittings: ASME B16.23, cast copper or ASME B16.29, wrought copper, solder-joint fittings.
	C. Hard Copper Tube: ASTM B 88, Type L, water tube, drawn temper.
	D. Soft Copper Tube: ASTM B 88, Type L, water tube, annealed temper.
	E. Copper Pressure Fittings:
	F. Copper Flanges: ASME B16.24, Class 150, cast copper with solder-joint end.
	G. Solder: ASTM B 32, lead free with ASTM B 813, water-flushable flux.

	2.6 SPECIALTY PIPE FITTINGS
	A. Transition Couplings:
	B. Dielectric Fittings:


	PART 3 -  EXECUTION
	3.1 EARTH MOVING
	A. Comply with requirements for excavating, trenching, and backfilling specified in Section 312000 "Earth Moving."

	3.2 PIPING INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems. Indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, pump sizing, and other design considerations. Install piping as indicated unless deviations to layout are approved on coordination drawings.
	B. Install piping in concealed locations unless otherwise indicated and except in equipment rooms and service areas.
	C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated otherwise.
	D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
	E. Install piping to permit valve servicing.
	F. Install piping at indicated slopes.
	G. Install piping free of sags and bends.
	H. Install fittings for changes in direction and branch connections.
	I. Install piping to allow application of insulation.
	J. Install seismic restraints on piping. Comply with requirements for seismic-restraint devices for location and in accordance with local building code.
	K. Make changes in direction for soil and waste drainage and vent piping using appropriate branches, bends, and long-sweep bends. Sanitary tees and short-sweep 1/4 bends may be used on vertical stacks if change in direction of flow is from horizontal to vertical. Use long-turn, double Y-branch and 1/8-bend fittings if two fixtures are installed back to back or side by side with common drain pipe. Straight tees, elbows, and crosses may be used on vent lines. Do not change direction of flow more than 90 degrees. Use proper size of standard increasers and reducers if pipes of different sizes are connected. Reducing size of drainage piping in direction of flow is prohibited.
	L. Lay buried building drainage piping beginning at low point of each system. Install true to grades and alignment indicated, with unbroken continuity of invert. Place hub ends of piping upstream. Install required gaskets according to manufacturer's written instructions for use of lubricants, cements, and other installation requirements. Maintain swab in piping and pull past each joint as completed.
	M. Install soil and waste drainage and vent piping at the following minimum slopes unless otherwise indicated:
	N. Install cast-iron soil piping according to CISPI's "Cast Iron Soil Pipe and Fittings Handbook," Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings."
	O. Install aboveground copper tubing according to CDA's "Copper Tube Handbook."
	P. Retain first paragraph and one or more subparagraphs below if these systems are used on the Project.
	Q. Plumbing Specialties:
	R. Do not enclose, cover, or put piping into operation until it is inspected and approved by authorities having jurisdiction.
	S. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements for sleeves specified in Section 220517 "Sleeves and Sleeve Seals for Plumbing Piping."
	T. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with requirements for sleeve seals specified in Section 220517 "Sleeves and Sleeve Seals for Plumbing Piping."
	U. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with requirements for escutcheons specified in Section 220518 "Escutcheons for Plumbing Piping."

	3.3 JOINT CONSTRUCTION
	A. Join hub-and-spigot, cast-iron soil piping with gasket joints according to CISPI's "Cast Iron Soil Pipe and Fittings Handbook" for compression joints.
	B. Join hub-and-spigot, cast-iron soil piping with calked joints according to CISPI's "Cast Iron Soil Pipe and Fittings Handbook" for lead-and-oakum calked joints.
	C. Join hubless, cast-iron soil piping according to CISPI 310 and CISPI's "Cast Iron Soil Pipe and Fittings Handbook" for hubless-piping coupling joints.
	D. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore full ID. Join pipe fittings and valves as follows:
	E. Join stainless-steel pipe and fittings with gaskets according to ASME A112.3.1.
	F. Join copper tube and fittings with soldered joints according to ASTM B 828. Use ASTM B 813, water-flushable, lead-free flux and ASTM B 32, lead-free-alloy solder.
	G. Grooved Joints: Cut groove ends of pipe according to AWWA C606. Lubricate and install gasket over ends of pipes or pipe and fitting. Install coupling housing sections, over gasket, with keys seated in piping grooves. Install and tighten housing bolts.
	H. Flanged Joints: Align bolt holes. Select appropriate gasket material, size, type, and thickness. Install gasket concentrically positioned. Use suitable lubricants on bolt threads. Torque bolts in cross pattern.
	I. Plastic, Nonpressure-Piping, Solvent-Cement Joints: Clean and dry joining surfaces. Join pipe and fittings according to the following:

	3.4 SPECIALTY PIPE FITTING INSTALLATION
	A. Transition Couplings:
	B. Dielectric Fittings:

	3.5 VALVE INSTALLATION
	A. General valve installation requirements are specified in Section 220523.12 "Ball Valves for Plumbing Piping," Section 220523.13 "Butterfly Valves for Plumbing Piping," Section 220523.14 "Check Valves for Plumbing Piping," and Section 220523.15 "Gate Valves for Plumbing Piping."
	B. Shutoff Valves:
	C. Check Valves: Install swing check valve, between pump and shutoff valve, on each sewage pump discharge.
	D. Backwater Valves: Install backwater valves in piping subject to backflow.

	3.6 HANGER AND SUPPORT INSTALLATION
	A. Comply with requirements for seismic-restraint devices specified in Section 220548 "Vibration and Seismic Controls for Plumbing Piping and Equipment."
	B. Comply with requirements for pipe hanger and support devices and installation specified in Section 220529 "Hangers and Supports for Plumbing Piping and Equipment."
	C. Support horizontal piping and tubing within 12 inches of each fitting, valve, and coupling.
	D. Support vertical piping and tubing at base and at each floor.
	E. Rod diameter may be reduced one size for double-rod hangers, with 3/8-inch minimum rods.
	F. Install hangers for cast-iron soil piping with the following maximum horizontal spacing and minimum rod diameters:
	G. Install supports for vertical cast-iron soil piping every 15 feet.
	H. Install hangers for steel piping with the following maximum horizontal spacing and minimum rod diameters:
	I. Install supports for vertical steel piping every 15 feet.
	J. Install hangers for stainless-steel piping with the following maximum horizontal spacing and minimum rod diameters:
	K. Install supports for vertical stainless-steel piping every 10 feet.
	L. Install hangers for copper tubing with the following maximum horizontal spacing and minimum rod diameters:
	M. Install supports for vertical copper tubing every 10 feet.
	N. Install supports for vertical ABS and PVC piping every 48 inches.
	O. Support piping and tubing not listed above according to MSS SP-69 and manufacturer's written instructions.

	3.7 CONNECTIONS
	A. Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Connect soil and waste piping to exterior sanitary sewerage piping. Use transition fitting to join dissimilar piping materials.
	C. Connect drainage and vent piping to the following:
	D. Where installing piping adjacent to equipment, allow space for service and maintenance of equipment.
	E. Make connections according to the following unless otherwise indicated:

	3.8 IDENTIFICATION
	A. Identify exposed sanitary waste and vent piping. Comply with requirements for identification specified in Section 220553 "Identification for Plumbing Piping and Equipment."

	3.9 FIELD QUALITY CONTROL
	A. During installation, notify authorities having jurisdiction at least 24 hours before inspection must be made. Perform tests specified below in presence of authorities having jurisdiction.
	B. Reinspection: If authorities having jurisdiction find that piping will not pass test or inspection, make required corrections and arrange for reinspection.
	C. Reports: Prepare inspection reports and have them signed by authorities having jurisdiction.
	D. Test sanitary drainage and vent piping according to procedures of authorities having jurisdiction or, in absence of published procedures, as follows:

	3.10 CLEANING AND PROTECTION
	A. Clean interior of piping. Remove dirt and debris as work progresses.
	B. Protect drains during remainder of construction period to avoid clogging with dirt and debris and to prevent damage from traffic and construction work.
	C. Place plugs in ends of uncompleted piping at end of day and when work stops.
	D. Exposed ABS and PVC Piping: Protect plumbing vents exposed to sunlight with two coats of water-based latex paint.

	3.11 PIPING SCHEDULE
	A. Flanges and unions may be used on aboveground pressure piping unless otherwise indicated.
	B. Aboveground, soil and waste piping NPS 4 and smaller shall be any of the following:
	C. Aboveground, soil and waste piping NPS 5 and larger shall be any of the following:
	D. Aboveground, vent piping NPS 4 and smaller shall be any of the following:
	E. Aboveground, vent piping NPS 5 and larger shall be any of the following:
	F. Underground, soil, waste, and vent piping NPS 4 and smaller shall be any of the following:
	G. Underground, soil and waste piping NPS 5 and larger shall be any of the following:
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Requirements:

	1.3 DEFINITIONS
	A. ABS: Acrylonitrile-butadiene-styrene plastic.
	B. FRP: Fiberglass-reinforced plastic.
	C. HDPE: High-density polyethylene plastic.
	D. PE: Polyethylene plastic.
	E. PP: Polypropylene plastic.
	F. PVC: Polyvinyl chloride plastic.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated. Include rated capacities, operating characteristics and materials for the following:
	B. Shop Drawings: Show fabrication and installation details for frost-resistant vent terminals.

	1.5 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For drainage piping specialties to include in emergency, operation, and maintenance manuals.

	1.7 QUALITY ASSURANCE
	A. Drainage piping specialties shall bear label, stamp, or other markings of specified testing agency.
	B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	C. Comply with NSF 14, "Plastics Piping Components and Related Materials," for plastic sanitary piping specialty components.

	1.8 COORDINATION
	A. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. Concrete, reinforcement, and formwork requirements are specified in Section 033053 "Miscellaneous Cast-in-Place Concrete."
	B. Coordinate size and location of roof penetrations.

	1.9 BACKWATER VALVES
	A. Horizontal, Cast-Iron Backwater Valves:

	1.10 CLEANOUTS
	A. Exposed Metal Cleanouts:
	B. Metal Floor Cleanouts:
	C. Cast-Iron Wall Cleanouts:
	D. Storm Drainage Piping:

	1.11 FLOOR DRAINS
	A. Cast-Iron Floor Drains:

	1.12 ROOF FLASHING ASSEMBLIES
	A. Roof Flashing Assemblies:

	1.13 MISCELLANEOUS SANITARY DRAINAGE PIPING SPECIALTIES
	A. Open Drains:
	B. Floor-Drain, Trap-Seal Primer Fittings:
	C. Air-Gap Fittings:
	D. Sleeve Flashing Device:
	E. Stack Flashing Fittings:
	F. Vent Caps:
	G. Frost-Resistant Vent Terminals:
	H. Expansion Joints:

	1.14 FLASHING MATERIALS
	A. Zinc-Coated Steel Sheet: ASTM A 653/A 653M, with 0.20 percent copper content and 0.04-inch minimum thickness, unless otherwise indicated. Include G90 hot-dip galvanized, mill-phosphatized finish for painting if indicated.
	B. Elastic Membrane Sheet: ASTM D 4068, flexible, chlorinated polyethylene, 40-mil minimum thickness.
	C. Fasteners: Metal compatible with material and substrate being fastened.
	D. Metal Accessories: Sheet metal strips, clamps, anchoring devices, and similar accessory units required for installation; matching or compatible with material being installed.
	E. Solder: ASTM B 32, lead-free alloy.


	PART 2 -  EXECUTION
	2.1 INSTALLATION
	A. Equipment Mounting:
	B. Install backwater valves in building drain piping. For interior installation, provide cleanout deck plate flush with floor and centered over backwater valve cover, and of adequate size to remove valve cover for servicing.
	C. Install cleanouts in aboveground piping and building drain piping according to the following, unless otherwise indicated:
	D. For floor cleanouts for piping below floors, install cleanout deck plates with top flush with finished floor.
	E. For cleanouts located in concealed piping, install cleanout wall access covers, of types indicated, with frame and cover flush with finished wall.
	F. Install floor drains at low points of surface areas to be drained. Set grates of drains flush with finished floor, unless otherwise indicated.
	G. Install roof flashing assemblies on sanitary stack vents and vent stacks that extend through roof.
	H. Install flashing fittings on sanitary stack vents and vent stacks that extend through roof.
	I. Assemble open drain fittings and install with top of hub 2 inches above floor.
	J. Install deep-seal traps on floor drains and other waste outlets, if indicated.
	K. Install floor-drain, trap-seal primer fittings on inlet to floor drains that require trap-seal primer connection.
	L. Install air-gap fittings on draining-type backflow preventers and on indirect-waste piping discharge into sanitary drainage system.
	M. Install sleeve flashing device with each riser and stack passing through floors with waterproof membrane.
	N. Install vent caps on each vent pipe passing through roof.
	O. Install frost-resistant vent terminals on each vent pipe passing through roof. Maintain 1-inch clearance between vent pipe and roof substrate.
	P. Install expansion joints on vertical stacks and conductors. Position expansion joints for easy access and maintenance.
	Q. Install frost-proof vent caps on each vent pipe passing through roof. Maintain 1-inch clearance between vent pipe and roof substrate.
	R. Install traps on plumbing specialty drain outlets. Omit traps on indirect wastes unless trap is indicated.

	2.2 CONNECTIONS
	A. Comply with requirements in Section 221316 "Sanitary Waste and Vent Piping" for piping installation requirements. Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Install piping adjacent to equipment to allow service and maintenance.
	C. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical Systems."

	2.3 FLASHING INSTALLATION
	A. Install sheet flashing on pipes, sleeves, and specialties passing through or embedded in floors and roofs with waterproof membrane.
	B. Set flashing on floors and roofs in solid coating of bituminous cement.
	C. Secure flashing into sleeve and specialty clamping ring or device.
	D. Install flashing for piping passing through roofs with counterflashing or commercially made flashing fittings, according to Section 076200 "Sheet Metal Flashing and Trim."
	E. Extend flashing up vent pipe passing through roofs and turn down into pipe, or secure flashing into cast-iron sleeve having calking recess.
	F. Fabricate and install flashing and pans, sumps, and other drainage shapes.

	2.4 LABELING AND IDENTIFYING
	A. Equipment Nameplates and Signs: Install engraved plastic-laminate equipment nameplate or sign on or near each of the following:
	B. Distinguish among multiple units, inform operator of operational requirements, indicate safety and emergency precautions, and warn of hazards and improper operations, in addition to identifying unit. Nameplates and signs are specified in Section 220553 "Identification for Plumbing Piping and Equipment."

	2.5 FIELD QUALITY CONTROL
	A. Tests and Inspections:

	2.6 PROTECTION
	A. Protect drains during remainder of construction period to avoid clogging with dirt or debris and to prevent damage from traffic or construction work.
	B. Place plugs in ends of uncompleted piping at end of each day or when work stops.

	2.7 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain. Refer to Section 017900 "Demonstration and Training."
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Sections:

	1.3 PERFORMANCE REQUIREMENTS
	A. Components and installation shall be capable of withstanding the following minimum working pressure unless otherwise indicated:

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.

	1.5 INFORMATIONAL SUBMITTALS
	A. Seismic Qualification Certificates: For storm drainage piping, accessories, and components, from manufacturer.
	B. Field quality-control reports.

	1.6 QUALITY ASSURANCE
	A. Piping materials shall bear label, stamp, or other markings of specified testing agency.
	B. Comply with NSF/ANSI 14, "Plastics Piping System Components and Related Materials," for plastic piping components. Include marking with "NSF-drain" for plastic drain piping and "NSF-sewer" for plastic sewer piping.

	1.7 PROJECT CONDITIONS
	A. Interruption of Existing Storm-Drainage Service: Do not interrupt service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary service according to requirements indicated:


	PART 2 -  PRODUCTS
	2.1 PIPING MATERIALS
	A. Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, fitting materials, and joining methods for specific services, service locations, and pipe sizes.

	2.2 HUB-AND-SPIGOT, CAST-IRON SOIL PIPE AND FITTINGS
	A. Pipe and Fittings: ASTM A 74, Service classes.
	B. Gaskets: ASTM C 564, rubber.
	C. Calking Materials: ASTM B 29, pure lead and oakum or hemp fiber.

	2.3 HUBLESS, CAST-IRON SOIL PIPE AND FITTINGS
	A. Pipe and Fittings: ASTM A 888 or CISPI 301.
	B. CISPI, Hubless-Piping Couplings:
	C. Cast-Iron, Hubless-Piping Couplings:


	PART 3 -  EXECUTION
	3.1 EARTH MOVING
	A. Comply with requirements for excavating, trenching, and backfilling specified in Section 312000 "Earth Moving."

	3.2 PIPING INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems. Indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, pump sizing, and other design considerations. Install piping as indicated unless deviations from layout are approved on coordination drawings.
	B. Install piping in concealed locations unless otherwise indicated and except in equipment rooms and service areas.
	C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated otherwise.
	D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
	E. Install piping to permit valve servicing.
	F. Install piping at indicated slopes.
	G. Install piping free of sags and bends.
	H. Install fittings for changes in direction and branch connections.
	I. Install piping to allow application of insulation.
	J. Install seismic restraints on piping. Comply with requirements for seismic-restraint devices in accordance with local building codes.
	K. Make changes in direction for storm drainage piping using appropriate branches, bends, and long-sweep bends. Do not change direction of flow more than 90 degrees. Use proper size of standard increasers and reducers if pipes of different sizes are connected. Reducing size of drainage piping in direction of flow is prohibited.
	L. Lay buried building storm drainage piping beginning at low point of each system. Install true to grades and alignment indicated, with unbroken continuity of invert. Place hub ends of piping upstream. Install required gaskets according to manufacturer's written instructions for use of lubricants, cements, and other installation requirements. Maintain swab in piping and pull past each joint as completed.
	M. Install storm drainage piping at the following minimum slopes unless otherwise indicated:
	N. Install cast-iron soil piping according to CISPI's "Cast Iron Soil Pipe and Fittings Handbook," Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings."
	O. Install steel piping according to applicable plumbing code.
	P. Install aboveground copper tubing according to CDA's "Copper Tube Handbook."
	Q. Plumbing Specialties:
	R. Do not enclose, cover, or put piping into operation until it is inspected and approved by authorities having jurisdiction.
	S. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements for sleeves specified in Section 220517 "Sleeves and Sleeve Seals for Plumbing Piping."
	T. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with requirements for sleeve seals specified in Section 220517 "Sleeves and Sleeve Seals for Plumbing Piping."
	U. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with requirements for escutcheons specified in Section 220518 "Escutcheons for Plumbing Piping."

	3.3 JOINT CONSTRUCTION
	A. Hub-and-Spigot, Cast-Iron Soil Piping Gasketed Joints: Join according to CISPI's "Cast Iron Soil Pipe and Fittings Handbook" for compression joints.
	B. Hub-and-Spigot, Cast-Iron Soil Piping Calked Joints: Join according to CISPI's "Cast Iron Soil Pipe and Fittings Handbook" for lead-and-oakum calked joints.
	C. Hubless, Cast-Iron Soil Piping Coupled Joints: Join according to CISPI 310 and CISPI's "Cast Iron Soil Pipe and Fittings Handbook" for hubless-piping coupling joints.
	D. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore full ID. Join pipe fittings and valves as follows:
	E. Join copper tube and fittings with soldered joints according to ASTM B 828 procedure. Use ASTM B 813, water-flushable, lead-free flux and ASTM B 32, lead-free-alloy solder.
	F. Grooved Joints: Cut groove ends of pipe according to AWWA C606. Lubricate and install gasket over ends of pipes or pipe and fittings. Install coupling housing sections, over gasket, with keys seated in piping grooves. Install and tighten housing bolts.
	G. Flanged Joints: Align bolt holes. Select appropriate gasket material, size, type, and thickness. Install gasket concentrically positioned. Use suitable lubricants on bolt threads. Torque bolts in cross pattern.

	3.4 HANGER AND SUPPORT INSTALLATION
	A. Comply with requirements for seismic-restraint devices specified in Section 220548 "Vibration and Seismic Controls for Plumbing Piping and Equipment."
	B. Comply with requirements for pipe hanger and support devices and installation specified in Section 220529 "Hangers and Supports for Plumbing Piping and Equipment."
	C. Support horizontal piping and tubing within 12 inches of each fitting, valve, and coupling.
	D. Support vertical piping and tubing at base and at each floor.
	E. Rod diameter may be reduced one size for double-rod hangers, with 3/8-inch minimum rods.
	F. Install hangers for cast-iron soil piping with the following maximum horizontal spacing and minimum rod diameters:
	G. Install supports for vertical cast-iron soil piping every 15 feet.
	H. Install hangers for steel piping with the following maximum horizontal spacing and minimum rod diameters:
	I. Install supports for vertical steel piping every 15 feet.
	J. Install hangers for copper tubing with the following maximum horizontal spacing and minimum rod diameters:
	K. Install supports for vertical copper tubing every 10 feet.

	3.5 CONNECTIONS
	A. Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Connect interior storm drainage piping to exterior storm drainage piping. Use transition fitting to join dissimilar piping materials.
	C. Connect storm drainage piping to roof drains and storm drainage specialties.
	D. Where installing piping adjacent to equipment, allow space for service and maintenance of equipment.
	E. Make connections according to the following unless otherwise indicated:

	3.6 IDENTIFICATION
	A. Identify exposed storm drainage piping. Comply with requirements for identification specified in Section 220553 "Identification for Plumbing Piping and Equipment."

	3.7 FIELD QUALITY CONTROL
	A. During installation, notify authorities having jurisdiction at least 24 hours before inspection must be made. Perform tests specified below in presence of authorities having jurisdiction.
	B. Reinspection: If authorities having jurisdiction find that piping will not pass test or inspection, make required corrections and arrange for reinspection.
	C. Reports: Prepare inspection reports and have them signed by authorities having jurisdiction.
	D. Test storm drainage piping according to procedures of authorities having jurisdiction or, in absence of published procedures, as follows:

	3.8 CLEANING
	A. Clean interior of piping. Remove dirt and debris as work progresses.
	B. Protect drains during remainder of construction period to avoid clogging with dirt and debris and to prevent damage from traffic and construction work.
	C. Place plugs in ends of uncompleted piping at end of day and when work stops.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.

	1.4 QUALITY ASSURANCE
	A. Drainage piping specialties shall bear label, stamp, or other markings of specified testing agency.


	PART 2 -  PRODUCTS
	2.1 METAL ROOF DRAINS
	A. Cast-Iron, General-Purpose Roof Drains:

	2.2 MISCELLANEOUS STORM DRAINAGE PIPING SPECIALTIES
	A. Downspout Boots:

	2.3 FLASHING MATERIALS
	A. Zinc-Coated Steel Sheet: ASTM A 653/A 653M, with 0.20 percent copper content and 0.04-inch minimum thickness unless otherwise indicated. Include G90 hot-dip galvanized, mill-phosphatized finish for painting if indicated.
	B. Elastic Membrane Sheet: ASTM D 4068, flexible, chlorinated polyethylene, 40-mil minimum thickness.
	C. Fasteners: Metal compatible with material and substrate being fastened.
	D. Metal Accessories: Sheet metal strips, clamps, anchoring devices, and similar accessory units required for installation; matching or compatible with material being installed.
	E. Solder: ASTM B 32, lead-free alloy.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install roof drains at low points of roof areas according to roof membrane manufacturer's written installation instructions.
	B. Install downspout adapters on outlet of back-outlet parapet roof drains and connect to sheet metal downspouts.
	C. Install downspout boots at grade with top 36 inches above grade. Secure to building wall.
	D. Install sleeve flashing device with each conductor passing through floors with waterproof membrane.

	3.2 CONNECTIONS
	A. Comply with requirements for piping specified in Section 221413 "Facility Storm Drainage Piping." Drawings indicate general arrangement of piping, fittings, and specialties.

	3.3 FLASHING INSTALLATION
	A. Install sheet flashing on pipes, sleeves, and specialties passing through or embedded in floors and roofs with waterproof membrane.
	B. Set flashing on floors and roofs in solid coating of bituminous cement.
	C. Secure flashing into sleeve and specialty clamping ring or device.
	D. Fabricate and install flashing and pans, sumps, and other drainage shapes.

	3.4 PROTECTION
	A. Protect drains during remainder of construction period to avoid clogging with dirt or debris and to prevent damage from traffic or construction work.
	B. Place plugs in ends of uncompleted piping at end of each day or when work stops.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 PERFORMANCE REQUIREMENTS
	A. Seismic Performance: Commercial domestic-water heaters shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type and size of domestic-water heater indicated. Include rated capacities, operating characteristics, electrical characteristics, and furnished specialties and accessories.
	B. Shop Drawings:

	1.5 INFORMATIONAL SUBMITTALS
	A. Seismic Qualification Certificates: For commercial domestic-water heaters, accessories, and components, from manufacturer.
	B. Product Certificates: For each type of commercial, electric, domestic-water heater, from manufacturer.
	C. Domestic-Water Heater Labeling: Certified and labeled by testing agency acceptable to authorities having jurisdiction.
	D. Source quality-control reports.
	E. Field quality-control reports.
	F. Warranty: Sample of special warranty.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For electric, domestic-water heaters to include in emergency, operation, and maintenance manuals.

	1.7 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. ASME Compliance: Where ASME-code construction is indicated, fabricate and label commercial, domestic-water heater storage tanks to comply with ASME Boiler and Pressure Vessel Code: Section VIII, Division 1.
	C. NSF Compliance: Fabricate and label equipment components that will be in contact with potable water to comply with NSF 61 Annex G, "Drinking Water System Components - Health Effects."

	1.8 COORDINATION
	A. Coordinate sizes and locations of concrete bases with actual equipment provided.

	1.9 WARRANTY
	A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or replace components of electric, domestic-water heaters that fail in materials or workmanship within specified warranty period.


	PART 2 -  PRODUCTS
	2.1 COMMERCIAL, ELECTRIC, DOMESTIC-WATER HEATERS
	A. Commercial, Light-Duty, Storage, Electric, Domestic-Water Heaters:
	B. Capacity and Characteristics:

	2.2 DOMESTIC-WATER HEATER ACCESSORIES
	A. Domestic-Water Compression Tanks:
	B. Drain Pans: Corrosion-resistant metal with raised edge. Comply with ANSI/CSA LC 3. Include dimensions not less than base of domestic-water heater, and include drain outlet not less than NPS 3/4 with ASME B1.20.1 pipe threads or with ASME B1.20.7 garden-hose threads.
	C. Piping-Type Heat Traps: Field-fabricated piping arrangement according to ASHRAE/IESNA 90.1.
	D. Heat-Trap Fittings: ASHRAE 90.2.
	E. Manifold Kits: Domestic-water heater manufacturer's factory-fabricated inlet and outlet piping for field installation, for multiple domestic-water heater installation. Include ball-, butterfly-, or gate-type shutoff valves to isolate each domestic-water heater and calibrated or memory-stop balancing valves to provide balanced flow through each domestic-water heater.
	F. Pressure-Reducing Valves: ASSE 1003 for water. Set at 25-psig-maximum outlet pressure unless otherwise indicated.
	G. Combination Temperature-and-Pressure Relief Valves: ASME rated and stamped. Include relieving capacity at least as great as heat input, and include pressure setting less than domestic-water heater working-pressure rating. Select relief valves with sensing element that extends into storage tank.
	H. Pressure Relief Valves: ASME rated and stamped. Include pressure setting less than domestic-water heater working-pressure rating.
	I. Vacuum Relief Valves: ANSI Z21.22/CSA 4.4.
	J. Shock Absorbers: ASSE 1010 or PDI-WH 201, Size A water hammer arrester.
	K. Domestic-Water Heater Stands: Manufacturer's factory-fabricated steel stand for floor mounting, capable of supporting domestic-water heater and water. Include dimension that will support bottom of domestic-water heater a minimum of 18 inches above the floor.
	L. Domestic-Water Heater Mounting Brackets: Manufacturer's factory-fabricated steel bracket for wall mounting, capable of supporting domestic-water heater and water.

	2.3 SOURCE QUALITY CONTROL
	A. Factory Tests: Test and inspect domestic-water heaters specified to be ASME-code construction, according to ASME Boiler and Pressure Vessel Code.
	B. Hydrostatically test commercial domestic-water heaters to minimum of one and one-half times pressure rating before shipment.
	C. Electric, domestic-water heaters will be considered defective if they do not pass tests and inspections. Comply with requirements in Section 014000 "Quality Requirements" for retesting and reinspecting requirements and Section 017300 "Execution" for requirements for correcting the Work.
	D. Prepare test and inspection reports.


	PART 3 -  EXECUTION
	3.1 DOMESTIC-WATER HEATER INSTALLATION
	A. Commercial, Electric, Domestic-Water Heater Mounting: Install commercial, electric, domestic-water heaters on concrete base. Comply with requirements for concrete bases if unit is floor mounted.
	B. Install electric, domestic-water heaters level and plumb, according to layout drawings, original design, and referenced standards. Maintain manufacturer's recommended clearances. Arrange units so controls and devices needing service are accessible.
	C. Install commercial, electric, domestic-water heaters with seismic-restraint devices. Comply with requirements for seismic-restraint devices specified in accordance with local building code.
	D. Install combination temperature-and-pressure relief valves in top portion of storage tanks. Use relief valves with sensing elements that extend into tanks. Extend commercial-water-heater relief-valve outlet, with drain piping same as domestic-water piping in continuous downward pitch, and discharge by positive air gap onto closest floor drain.
	E. Install combination temperature-and-pressure relief valves in water piping for electric, domestic-water heaters without storage. Extend commercial-water-heater relief-valve outlet, with drain piping same as domestic-water piping in continuous downward pitch, and discharge by positive air gap onto closest floor drain.
	F. Install water-heater drain piping as indirect waste to spill by positive air gap into open drains or over floor drains. Install hose-end drain valves at low points in water piping for electric, domestic-water heaters that do not have tank drains. Comply with requirements for hose-end drain valves specified in Section 221119 "Domestic Water Piping Specialties."
	G. Install thermometers on outlet piping of electric, domestic-water heaters. Comply with requirements for thermometers specified in Section 220519 "Meters and Gages for Plumbing Piping."
	H. Assemble and install inlet and outlet piping manifold kits for multiple electric, domestic-water heaters. Fabricate, modify, or arrange manifolds for balanced water flow through each electric, domestic-water heater. Include shutoff valve and thermometer in each domestic-water heater inlet and outlet, and throttling valve in each electric, domestic-water heater outlet. Comply with requirements for valves specified in Section 220523.12 "Ball Valves for Plumbing Piping," Section 220523.13 "Butterfly Valves for Plumbing Piping," and Section 220523.15 "Gate Valves for Plumbing Piping," and comply with requirements for thermometers specified in Section 220519 "Meters and Gages for Plumbing Piping."
	I. Install pressure-reducing valve with integral bypass relief valve in electric, domestic-water booster-heater inlet piping and water hammer arrester in booster-heater outlet piping. Set pressure-reducing valve for outlet pressure of 25 psig. Comply with requirements for pressure-reducing valves and water hammer arresters specified in Section 221119 "Domestic Water Piping Specialties."
	J. Install piping-type heat traps on inlet and outlet piping of electric, domestic-water heater storage tanks without integral or fitting-type heat traps.
	K. Fill electric, domestic-water heaters with water.
	L. Charge domestic-water compression tanks with air.

	3.2 CONNECTIONS
	A. Comply with requirements for piping specified in Section 221116 "Domestic Water Piping." Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Where installing piping adjacent to electric, domestic-water heaters, allow space for service and maintenance of water heaters. Arrange piping for easy removal of domestic-water heaters.

	3.3 IDENTIFICATION
	A. Identify system components. Comply with requirements for identification specified in Section 220553 "Identification for Plumbing Piping and Equipment."

	3.4 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Electric, domestic-water heaters will be considered defective if they do not pass tests and inspections. Comply with requirements in Section 014000 "Quality Requirements" for retesting and reinspecting requirements and Section 017300 "Execution" for requirements for correcting the Work.
	C. Prepare test and inspection reports.

	3.5 DEMONSTRATION
	A. Train Owner's maintenance personnel to adjust, operate, and maintain commercial, electric, domestic-water heaters.



	224213.13 fl - commercial water closets_0
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Requirements:

	1.3 DEFINITIONS
	A. Effective Flush Volume: Average of two reduced flushes and one full flush per fixture.
	B. Remote Water Closet: Located more than 30 feet from other drain line connections or fixture and where less than 1.5 drainage fixture units are upstream of the drain line connection.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: Include diagrams for power, signal, and control wiring.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For flushometer valves to include in operation and maintenance manuals.

	1.6 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that are packaged with protective covering for storage and identified with labels describing contents.


	PART 2 -  PRODUCTS
	2.1 WALL-MOUNTED WATER CLOSETS
	A. Water Closets: Wall mounted, top spud, accessible.

	2.2 FLUSHOMETER VALVES
	A. Lever-Handle, Flushometer Valves:

	2.3 TOILET SEATS
	A. Toilet Seats:

	2.4 SUPPORTS
	A. Water Closet Carrier:


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine roughing-in of water supply and sanitary drainage and vent piping systems to verify actual locations of piping connections before water-closet installation.
	B. Examine walls and floors for suitable conditions where water closets will be installed.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Water-Closet Installation:
	B. Support Installation:
	C. Flushometer-Valve Installation:
	D. Install toilet seats on water closets.
	E. Wall Flange and Escutcheon Installation:
	F. Joint Sealing:

	3.3 CONNECTIONS
	A. Connect water closets with water supplies and soil, waste, and vent piping. Use size fittings required to match water closets.
	B. Comply with water piping requirements specified in Section 221116 "Domestic Water Piping."
	C. Comply with soil and waste piping requirements specified in Section 221316 "Sanitary Waste and Vent Piping."
	D. Where installing piping adjacent to water closets, allow space for service and maintenance.

	3.4 ADJUSTING
	A. Operate and adjust water closets and controls. Replace damaged and malfunctioning water closets, fittings, and controls.
	B. Adjust water pressure at flushometer valves to produce proper flow.
	C. Install fresh batteries in battery-powered, electronic-sensor mechanisms.

	3.5 CLEANING AND PROTECTION
	A. Clean water closets and fittings with manufacturers' recommended cleaning methods and materials.
	B. Install protective covering for installed water closets and fittings.
	C. Do not allow use of water closets for temporary facilities unless approved in writing by Owner.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: Include diagrams for power, signal, and control wiring of automatic faucets.

	1.4 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Counter cutout templates for mounting of counter-mounted lavatories.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For lavatories and faucets to include in operation and maintenance manuals.

	1.6 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.


	PART 2 -  PRODUCTS
	2.1 STAINLESS STEEL, WALL-MOUNTED LAVATOR WITH SENSOR FAUCET
	A. Lavatory: Rectangular, enameled, cast iron, wall mounted.

	2.2 AUTOMATICALLY OPERATED LAVATORY FAUCETS
	A. NSF Standard: Comply with NSF/ANSI 61 Annex G, "Drinking Water System Components - Health Effects," for faucet materials that will be in contact with potable water.
	B. Lavatory Faucets: Automatic-type, battery-powered, electronic-sensor-operated, mixing, solid-brass valve.

	2.3 SUPPORTS
	A. Lavatory Carrier:

	2.4 SUPPLY FITTINGS
	A. NSF Standard: Comply with NSF/ANSI 61 Annex G, "Drinking Water System Components - Health Effects," for supply-fitting materials that will be in contact with potable water.
	B. Standard: ASME A112.18.1/CSA B125.1.
	C. Supply Piping: Chrome-plated-brass pipe or chrome-plated copper tube matching water-supply piping size. Include chrome-plated-brass or stainless-steel wall flange.
	D. Supply Stops: Chrome-plated-brass, one-quarter-turn, ball-type or compression valve with inlet connection matching supply piping.
	E. Operation:  Loose key.
	F. Risers:

	2.5 WASTE FITTINGS
	A. Standard: ASME A112.18.2/CSA B125.2.
	B. Drain: Grid type with NPS 1-1/4 offset and straight tailpiece.
	C. Trap:


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine roughing-in of water supply and sanitary drainage and vent piping systems to verify actual locations of piping connections before lavatory installation.
	B. Examine counters and walls for suitable conditions where lavatories will be installed.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install lavatories level and plumb according to roughing-in drawings.
	B. Install supports, affixed to building substrate, for wall-mounted lavatories.
	C. Install accessible wall-mounted lavatories at handicapped/elderly mounting height for people with disabilities or the elderly, according to ICC/ANSI A117.1.
	D. Install wall flanges or escutcheons at piping wall penetrations in exposed, finished locations. Use deep-pattern escutcheons if required to conceal protruding fittings. Comply with escutcheon requirements specified in Section 220518 "Escutcheons for Plumbing Piping."
	E. Seal joints between lavatories, counters, and walls using sanitary-type, one-part, mildew-resistant silicone sealant. Match sealant color to fixture color. Comply with sealant requirements specified in Section 079200 "Joint Sealants."
	F. Install protective shielding pipe covers and enclosures on exposed supplies and waste piping of accessible lavatories. Comply with requirements in Section 220719 "Plumbing Piping Insulation."

	3.3 CONNECTIONS
	A. Connect fixtures with water supplies, stops, and risers, and with traps, soil, waste, and vent piping. Use size fittings required to match fixtures.
	B. Comply with water piping requirements specified in Section 221116 "Domestic Water Piping."
	C. Comply with soil and waste piping requirements specified in Section 221316 "Sanitary Waste and Vent Piping."

	3.4 ADJUSTING
	A. Operate and adjust lavatories and controls. Replace damaged and malfunctioning lavatories, fittings, and controls.
	B. Adjust water pressure at faucets to produce proper flow.
	C. Install fresh batteries in battery-powered, electronic-sensor mechanisms.

	3.5 CLEANING AND PROTECTION
	A. After completing installation of lavatories, inspect and repair damaged finishes.
	B. Clean lavatories, faucets, and other fittings with manufacturers' recommended cleaning methods and materials.
	C. Provide protective covering for installed lavatories and fittings.
	D. Do not allow use of lavatories for temporary facilities unless approved in writing by Owner.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.

	1.4 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Counter cutout templates for mounting of counter-mounted lavatories.

	1.5 CLOSEOUT SUBMITTALS
	A. Maintenance Data: For sinks to include in maintenance manuals.

	1.6 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.


	PART 2 -  PRODUCTS
	2.1 SERVICE BASINS
	A. Service Basins: Plastic, floor mounted.

	2.2 SINK FAUCETS
	A. NSF Standard: Comply with NSF/ANSI 61 Annex G, "Drinking Water System Components - Health Effects," for faucet-spout materials that will be in contact with potable water.
	B. Sink Faucets: Manual type, two-lever-handle with mixing valve.

	2.3 SUPPLY FITTINGS
	A. NSF Standard: Comply with NSF/ANSI 61 Annex G, "Drinking Water System Components - Health Effects," for supply-fitting materials that will be in contact with potable water.
	B. Standard: ASME A112.18.1/CSA B125.1.
	C. Supply Piping: Chrome-plated brass pipe or chrome-plated copper tube matching water-supply piping size. Include chrome-plated brass or stainless-steel wall flange.
	D. Supply Stops: Chrome-plated brass, one-quarter-turn, ball-type or compression valve with inlet connection matching supply piping.
	E. Operation:  Loose key.
	F. Risers:

	2.4 WASTE FITTINGS
	A. Standard: ASME A112.18.2/CSA B125.2.
	B. Drain: Grid type with NPS 1-1/2 offset and straight tailpiece.
	C. Trap:

	2.5 GROUT
	A. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
	B. Characteristics: Nonshrink; recommended for interior and exterior applications.
	C. Design Mix: 5000-psi, 28-day compressive strength.
	D. Packaging: Premixed and factory packaged.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine roughing-in of water supply and sanitary drainage and vent piping systems to verify actual locations of piping connections before sink installation.
	B. Examine walls, floors, and counters for suitable conditions where sinks will be installed.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install sinks level and plumb according to roughing-in drawings.
	B. Install supports, affixed to building substrate, for wall-hung sinks.
	C. Install accessible wall-mounted sinks at handicapped/elderly mounting height according to ICC/ANSI A117.1.
	D. Set floor-mounted sinks in leveling bed of cement grout.
	E. Install water-supply piping with stop on each supply to each sink faucet.
	F. Install wall flanges or escutcheons at piping wall penetrations in exposed, finished locations. Use deep-pattern escutcheons if required to conceal protruding fittings. Comply with escutcheon requirements specified in Section 220518 "Escutcheons for Plumbing Piping."
	G. Seal joints between sinks and counters, floors, and walls using sanitary-type, one-part, mildew-resistant silicone sealant. Match sealant color to fixture color. Comply with sealant requirements specified in Section 079200 "Joint Sealants."
	H. Install protective shielding pipe covers and enclosures on exposed supplies and waste piping of accessible sinks. Comply with requirements in Section 220719 "Plumbing Piping Insulation."

	3.3 CONNECTIONS
	A. Connect sinks with water supplies, stops, and risers, and with traps, soil, waste, and vent piping. Use size fittings required to match fixtures.
	B. Comply with water piping requirements specified in Section 221116 "Domestic Water Piping."
	C. Comply with soil and waste piping requirements specified in Section 221316 "Sanitary Waste and Vent Piping."

	3.4 ADJUSTING
	A. Operate and adjust sinks and controls. Replace damaged and malfunctioning sinks, fittings, and controls.
	B. Adjust water pressure at faucets to produce proper flow.

	3.5 CLEANING AND PROTECTION
	A. After completing installation of sinks, inspect and repair damaged finishes.
	B. Clean sinks, faucets, and other fittings with manufacturers' recommended cleaning methods and materials.
	C. Provide protective covering for installed sinks and fittings.
	D. Do not allow use of sinks for temporary facilities unless approved in writing by Owner.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section includes pressure water coolers and related components.
	B. Related Sections:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of pressure water cooler.
	B. Shop Drawings: Include diagrams for power, signal, and control wiring.

	1.4 CLOSEOUT SUBMITTALS
	A. Maintenance Data: For pressure water coolers to include in maintenance manuals.

	1.5 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.


	PART 2 -  PRODUCTS
	2.1 PRESSURE WATER COOLERS
	A. Pressure Water Coolers: Wall mounted, standard, wheelchair accessible.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine roughing-in for water-supply and sanitary drainage and vent piping systems to verify actual locations of piping connections before fixture installation.
	B. Examine walls and floors for suitable conditions where fixtures will be installed.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install fixtures level and plumb according to roughing-in drawings. For fixtures indicated for children, install at height required by authorities having jurisdiction.
	B. Set freestanding pressure water coolers on floor.
	C. Install off-the-floor carrier supports, affixed to building substrate, for wall-mounted fixtures.
	D. Install mounting frames, affixed to building construction, and attach recessed, pressure water coolers to mounting frames.
	E. Install water-supply piping with shutoff valve on supply to each fixture to be connected to domestic-water distribution piping. Use ball or gate valve. Install valves in locations where they can be easily reached for operation. Valves are specified in Section 220523.12 "Ball Valves for Plumbing Piping" and Section 220523.15 "Gate Valves for Plumbing Piping."
	F. Install trap and waste piping on drain outlet of each fixture to be connected to sanitary drainage system.
	G. Install wall flanges or escutcheons at piping wall penetrations in exposed, finished locations. Use deep-pattern escutcheons where required to conceal protruding fittings. Comply with escutcheon requirements specified in Section 220518 "Escutcheons for Plumbing Piping."
	H. Seal joints between fixtures and walls using sanitary-type, one-part, mildew-resistant, silicone sealant. Match sealant color to fixture color. Comply with sealant requirements specified in Section 079200 "Joint Sealants."

	3.3 CONNECTIONS
	A. Connect fixtures with water supplies, stops, and risers, and with traps, soil, waste, and vent piping. Use size fittings required to match fixtures.
	B. Comply with water piping requirements specified in Section 221116 "Domestic Water Piping."
	C. Install ball or gate shutoff valve on water supply to each fixture. Install valve upstream from filter for water cooler. Comply with valve requirements specified in Section 220523.12 "Ball Valves for Plumbing Piping" and Section 220523.15 "Gate Valves for Plumbing Piping."
	D. Comply with soil and waste piping requirements specified in Section 221316 "Sanitary Waste and Vent Piping."

	3.4 ADJUSTING
	A. Adjust fixture flow regulators for proper flow and stream height.
	B. Adjust pressure water-cooler temperature settings.

	3.5 CLEANING
	A. After installing fixture, inspect unit. Remove paint splatters and other spots, dirt, and debris. Repair damaged finish to match original finish.
	B. Clean fixtures, on completion of installation, according to manufacturer's written instructions.
	C. Provide protective covering for installed fixtures.
	D. Do not allow use of fixtures for temporary facilities unless approved in writing by Owner.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.


	PART 2 -  PRODUCTS
	2.1 SLEEVES
	A. Galvanized-Steel-Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, with plain ends.

	2.2 SLEEVE-SEAL SYSTEMS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Description: Modular sealing-element unit, designed for field assembly, for filling annular space between piping and sleeve.

	2.3 SLEEVE-SEAL FITTINGS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Description: Manufactured plastic, sleeve-type, waterstop assembly made for imbedding in concrete slab or wall. Unit has plastic or rubber waterstop collar with center opening to match piping OD.

	2.4 GROUT
	A. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
	B. Characteristics: Nonshrink; recommended for interior and exterior applications.
	C. Design Mix: 5000-psi, 28-day compressive strength.
	D. Packaging: Premixed and factory packaged.


	PART 3 -  EXECUTION
	3.1 SLEEVE INSTALLATION
	A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and walls.
	B. For sleeves that will have sleeve-seal system installed, select sleeves of size large enough to provide 1-inch annular clear space between piping and concrete slabs and walls.
	C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs and walls are constructed.
	D. Install sleeves for pipes passing through interior partitions.
	E. Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe penetrations. Seal pipe penetrations with firestop materials. Comply with requirements for firestopping specified in Section 078413 "Penetration Firestopping."

	3.2 SLEEVE-SEAL-SYSTEM INSTALLATION
	A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at service piping entries into building.
	B. Select type, size, and number of sealing elements required for piping material and size and for sleeve ID or hole size. Position piping in center of sleeve. Center piping in penetration, assemble sleeve-seal system components, and install in annular space between piping and sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make a watertight seal.

	3.3 SLEEVE-SEAL-FITTING INSTALLATION
	A. Install sleeve-seal fittings in new walls and slabs as they are constructed.
	B. Assemble fitting components of length to be flush with both surfaces of concrete slabs and walls. Position waterstop flange to be centered in concrete slab or wall.
	C. Secure nailing flanges to concrete forms.
	D. Using grout, seal the space around outside of sleeve-seal fittings.

	3.4 SLEEVE AND SLEEVE-SEAL SCHEDULE
	A. Use sleeves and sleeve seals for the following piping-penetration applications:



	230519 fl - meters and gages for hvac piping_0
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings:

	1.4 INFORMATIONAL SUBMITTALS
	A. Product Certificates: For each type of meter and gage.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For meters and gages to include in operation and maintenance manuals.


	PART 2 -  PRODUCTS
	2.1 LIQUID-IN-GLASS THERMOMETERS
	A. Plastic-Case, Compact-Style, Liquid-in-Glass Thermometers:

	2.2 DUCT-THERMOMETER MOUNTING BRACKETS
	A. Description: Flanged bracket with screw holes, for attachment to air duct and made to hold thermometer stem.

	2.3 THERMOWELLS
	A. Thermowells:
	B. Heat-Transfer Medium:  Mixture of graphite and glycerin.

	2.4 DIAL-TYPE PRESSURE GAGES
	A. Direct-Mounted, Metal-Case, Dial-Type Pressure Gages:
	B. Direct-Mounted, Plastic-Case, Dial-Type Pressure Gages:

	2.5 TEST PLUGS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Description: Test-station fitting made for insertion in piping tee fitting.
	C. Body: Brass or stainless steel with core inserts and gasketed and threaded cap. Include extended stem on units to be installed in insulated piping.
	D. Thread Size:  NPS 1/4, ASME B1.20.1 pipe thread.
	E. Minimum Pressure and Temperature Rating:  500 psig at 200 deg F.
	F. Core Inserts:  Chlorosulfonated polyethylene synthetic and EPDM self-sealing rubber.

	2.6 TEST-PLUG KITS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Furnish one test-plug kit(s) containing two thermometer(s), one pressure gage and adapter, and carrying case. Thermometer sensing elements, pressure gage, and adapter probes shall be of diameter to fit test plugs and of length to project into piping.
	C. Low-Range Thermometer: Small, bimetallic insertion type with 1- to 2-inch- diameter dial and tapered-end sensing element. Dial range shall be at least 25 to 125 deg F.
	D. High-Range Thermometer: Small, bimetallic insertion type with 1- to 2-inch- diameter dial and tapered-end sensing element. Dial range shall be at least 0 to 220 deg F.
	E. Pressure Gage: Small, Bourdon-tube insertion type with 4 1 /2-inch- diameter dial and probe. Dial range shall be at least 0 to 100 psig.
	F. Carrying Case: Metal or plastic, with formed instrument padding.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install thermowells with socket extending one-third of pipe diameter or to center of pipe and in vertical position in piping tees.
	B. Install thermowells of sizes required to match thermometer connectors. Include bushings if required to match sizes.
	C. Install thermowells with extension on insulated piping.
	D. Fill thermowells with heat-transfer medium.
	E. Install direct-mounted thermometers in thermowells and adjust vertical and tilted positions.
	F. Install direct-mounted pressure gages in piping tees with pressure gage located on pipe at the most readable position.
	G. Install valve and snubber in piping for each pressure gage for fluids (except steam).
	H. Install test plugs in piping tees.
	I. Install connection fittings in accessible locations for attachment to portable indicators.
	J. Install thermometers in the following locations:
	K. Install pressure gages in the following locations:

	3.2 CONNECTIONS
	A. Install meters and gages adjacent to machines and equipment to allow space for service and maintenance of meters, gages, machines, and equipment.

	3.3 ADJUSTING
	A. After installation, calibrate meters according to manufacturer's written instructions.
	B. Adjust faces of meters and gages to proper angle for best visibility.

	3.4 THERMOMETER SCHEDULE
	A. Thermometers at inlet and outlet of each hydronic zone shall be one of the following:
	B. Thermometers at inlet and outlet of each hydronic boiler shall be the following:

	3.5 THERMOMETER SCALE-RANGE SCHEDULE
	A. Scale Range for Heating, Hot-Water Piping:  20 to 240 deg F.

	3.6 PRESSURE-GAGE SCHEDULE
	A. Pressure gages at suction and discharge of each pump shall be[ one of] the following:

	3.7 PRESSURE-GAGE SCALE-RANGE SCHEDULE
	A. Scale Range for Heating, Hot-Water Piping:  0 to 30 psi and 0 to 240 kPa.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. CWP: Cold working pressure.
	B. SWP: Steam working pressure.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of valve.

	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Prepare valves for shipping as follows:
	B. Use the following precautions during storage:


	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR VALVES
	A. Source Limitations for Valves: Obtain each type of valve from single source from single manufacturer.
	B. ASME Compliance:
	C. Bronze valves shall be made with dezincification-resistant materials. Bronze valves made with copper alloy (brass) containing more than 15 percent zinc are not permitted.
	D. Refer to HVAC valve schedule articles for applications of valves.
	E. Valve Pressure-Temperature Ratings: Not less than indicated and as required for system pressures and temperatures.
	F. Valve Sizes: Same as upstream piping unless otherwise indicated.
	G. Valve Actuator Types:
	H. Valves in Insulated Piping:

	2.2 BRONZE BALL VALVES
	A. Bronze Ball Valves, Two-Piece with Regular Port and Bronze or Brass Trim:
	B. Bronze Ball Valves, Two-Piece with Regular Port and Stainless-Steel Trim:


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove special packing materials, such as blocks, used to prevent disc movement during shipping and handling.
	B. Operate valves in positions from fully open to fully closed. Examine guides and seats made accessible by such operations.
	C. Examine threads on valve and mating pipe for form and cleanliness.
	D. Examine mating flange faces for conditions that might cause leakage. Check bolting for proper size, length, and material. Verify that gasket is of proper size, that its material composition is suitable for service, and that it is free from defects and damage.
	E. Do not attempt to repair defective valves; replace with new valves.

	3.2 VALVE INSTALLATION
	A. Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.
	B. Locate valves for easy access and provide separate support where necessary.
	C. Install valves in horizontal piping with stem at or above center of pipe.
	D. Install valves in position to allow full stem movement.
	E. Install valve tags. Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment" for valve tags and schedules.

	3.3 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
	A. If valves with specified SWP classes or CWP ratings are unavailable, the same types of valves with higher SWP classes or CWP ratings may be substituted.
	B. Select valves with the following end connections:

	3.4 HEATING-WATER VALVE SCHEDULE
	A. Pipe NPS 2 and Smaller:  bronze ball valves, two piece with trim, and port.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. CWP: Cold working pressure.
	B. EPDM: Ethylene propylene copolymer rubber.
	C. NBR: Acrylonitrile-butadiene, Buna-N, or nitrile rubber.
	D. SWP: Steam working pressure.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of valve.

	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Prepare valves for shipping as follows:
	B. Use the following precautions during storage:
	C. Use sling to handle large valves; rig sling to avoid damage to exposed parts. Do not use handwheels or stems as lifting or rigging points.


	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR VALVES
	A. Source Limitations for Valves: Obtain each type of valve from single source from single manufacturer.
	B. ASME Compliance:
	C. AWWA Compliance: Comply with AWWA C606 for grooved-end connections.
	D. Bronze valves shall be made with dezincification-resistant materials. Bronze valves made with copper alloy (brass) containing more than 15 percent zinc are not permitted.
	E. Valve Pressure-Temperature Ratings: Not less than indicated and as required for system pressures and temperatures.
	F. Valve Sizes: Same as upstream piping unless otherwise indicated.
	G. Valve Bypass and Drain Connections: MSS SP-45.

	2.2 BRONZE SWING CHECK VALVES
	A. Bronze Swing Check Valves with Nonmetallic Disc, Class 125:


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove special packing materials, such as blocks, used to prevent disc movement during shipping and handling.
	B. Operate valves in positions from fully open to fully closed. Examine guides and seats made accessible by such operations.
	C. Examine threads on valve and mating pipe for form and cleanliness.
	D. Do not attempt to repair defective valves; replace with new valves.

	3.2 VALVE INSTALLATION
	A. Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.
	B. Locate valves for easy access and provide separate support where necessary.
	C. Install valves in horizontal piping with stem at or above center of pipe.
	D. Install valves in position to allow full stem movement.
	E. Install check valves for proper direction of flow and as follows:
	F. Install valve tags. Comply with requirements for valve tags and schedules in Section 230553 "Identification for HVAC Piping and Equipment."

	3.3 ADJUSTING
	A. Adjust or replace valve packing after piping systems have been tested and put into service but before final adjusting and balancing. Replace valves if persistent leaking occurs.

	3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
	A. If valve applications are not indicated, use the following:
	B. If valves with specified SWP classes or CWP ratings are unavailable, the same types of valves with higher SWP classes or CWP ratings may be substituted.
	C. Select valves, except wafer types, with the following end connections:

	3.5 HEATING-WATER VALVE SCHEDULE
	A. Pipe NPS 2 and Smaller:
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Sections:

	1.3 DEFINITIONS
	A. MSS: Manufacturers Standardization Society of The Valve and Fittings Industry Inc.

	1.4 PERFORMANCE REQUIREMENTS
	A. Delegated Design: Design trapeze pipe hangers and equipment supports, including comprehensive engineering analysis by a qualified professional engineer, using performance requirements and design criteria indicated.
	B. Structural Performance: Hangers and supports for HVAC piping and equipment shall withstand the effects of gravity loads and stresses within limits and under conditions indicated according to ASCE/SEI 7.

	1.5 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.
	B. Shop Drawings: Signed and sealed by a qualified professional engineer. Show fabrication and installation details and include calculations for the following; include Product Data for components:

	1.6 INFORMATIONAL SUBMITTALS
	A. Welding certificates.

	1.7 QUALITY ASSURANCE
	A. Structural Steel Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	B. Pipe Welding Qualifications: Qualify procedures and operators according to ASME Boiler and Pressure Vessel Code.


	PART 2 -  PRODUCTS
	2.1 METAL PIPE HANGERS AND SUPPORTS
	A. Carbon-Steel Pipe Hangers and Supports:
	B. Copper Pipe Hangers:

	2.2 FASTENER SYSTEMS
	A. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland cement concrete with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.
	B. Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated steel anchors, for use in hardened portland cement concrete; with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.

	2.3 EQUIPMENT SUPPORTS
	A. Description: Welded, shop- or field-fabricated equipment support made from structural carbon-steel shapes.

	2.4 MISCELLANEOUS MATERIALS
	A. Structural Steel: ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; black and galvanized.
	B. Grout: ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and nonmetallic grout; suitable for interior and exterior applications.


	PART 3 -  EXECUTION
	3.1 HANGER AND SUPPORT INSTALLATION
	A. Metal Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Install hangers, supports, clamps, and attachments as required to properly support piping from the building structure.
	B. Fastener System Installation:
	C. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts, washers, and other accessories.
	D. Equipment Support Installation: Fabricate from welded-structural-steel shapes.
	E. Install hangers and supports to allow controlled thermal and seismic movement of piping systems, to permit freedom of movement between pipe anchors, and to facilitate action of expansion joints, expansion loops, expansion bends, and similar units.
	F. Install lateral bracing with pipe hangers and supports to prevent swaying.
	G. Install building attachments within concrete slabs or attach to structural steel. Install additional attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and larger and at changes in direction of piping. Install concrete inserts before concrete is placed; fasten inserts to forms and install reinforcing bars through openings at top of inserts.
	H. Load Distribution: Install hangers and supports so that piping live and dead loads and stresses from movement will not be transmitted to connected equipment.
	I. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not exceed maximum pipe deflections allowed by ASME B31.9 for building services piping.
	J. Insulated Piping:

	3.2 EQUIPMENT SUPPORTS
	A. Fabricate structural-steel stands to suspend equipment from structure overhead or to support equipment above floor.
	B. Grouting: Place grout under supports for equipment and make bearing surface smooth.
	C. Provide lateral bracing, to prevent swaying, for equipment supports.

	3.3 METAL FABRICATIONS
	A. Cut, drill, and fit miscellaneous metal fabrications for equipment supports.
	B. Fit exposed connections together to form hairline joints. Field weld connections that cannot be shop welded because of shipping size limitations.
	C. Field Welding: Comply with AWS D1.1/D1.1M procedures for shielded, metal arc welding; appearance and quality of welds; and methods used in correcting welding work; and with the following:

	3.4 ADJUSTING
	A. Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to achieve indicated slope of pipe.
	B. Trim excess length of continuous-thread hanger and support rods to [1-1/2 inches] <Insert dimension>.

	3.5 PAINTING
	A. Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas immediately after erecting hangers and supports. Use same materials as used for shop painting. Comply with SSPC-PA 1 requirements for touching up field-painted surfaces.
	B. Touchup: Cleaning and touchup painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous metal are specified in Section 099113 "Exterior Painting" Section 099123 "Interior Painting"
	C. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM A 780.

	3.6 HANGER AND SUPPORT SCHEDULE
	A. Specific hanger and support requirements are in Sections specifying piping systems and equipment.
	B. Comply with MSS SP-69 for pipe-hanger selections and applications that are not specified in piping system Sections.
	C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will not have field-applied finish.
	D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in direct contact with copper tubing.
	E. Use carbon-steel pipe hangers and supports and attachments for general service applications.
	F. Use and corrosion-resistant attachments for hostile environment applications.
	G. Use copper-plated pipe hangers and copper attachments for copper piping and tubing.
	H. Use padded hangers for piping that is subject to scratching.
	I. Use thermal-hanger shield inserts for insulated piping and tubing.
	J. Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	K. Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	L. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	M. Building Attachments: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	N. Saddles and Shields: Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	O. Use powder-actuated fasteners or mechanical-expansion anchors instead of building attachments where required in concrete construction.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Samples: For color, letter style, and graphic representation required for each identification material and device.
	C. Equipment Label Schedule: Include a listing of all equipment to be labeled with the proposed content for each label.
	D. Valve numbering scheme.
	E. Valve Schedules: For each piping system to include in maintenance manuals.


	PART 2 -  PRODUCTS
	2.1 EQUIPMENT LABELS
	A. Plastic Labels for Equipment:
	B. Label Content: Include equipment's Drawing designation or unique equipment number, Drawing numbers where equipment is indicated (plans, details, and schedules), and the Specification Section number and title where equipment is specified.
	C. Equipment Label Schedule: For each item of equipment to be labeled, on 8-1/2-by-11-inch bond paper. Tabulate equipment identification number, and identify Drawing numbers where equipment is indicated (plans, details, and schedules) and the Specification Section number and title where equipment is specified. Equipment schedule shall be included in operation and maintenance data.

	2.2 WARNING SIGNS AND LABELS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 1/16 inch thick, and having predrilled holes for attachment hardware.
	C. Letter Color:  White.
	D. Background Color:  Red.
	E. Maximum Temperature: Able to withstand temperatures up to 160 deg F.
	F. Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch.
	G. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering for greater viewing distances. Include secondary lettering two-thirds to three-quarters the size of principal lettering.
	H. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.
	I. Label Content: Include caution and warning information plus emergency notification instructions.

	2.3 PIPE LABELS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with lettering indicating service, and showing flow direction according to ASME A13.1.
	C. Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to cover full circumference of pipe and to attach to pipe without fasteners or adhesive.
	D. Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive backing.
	E. Pipe Label Contents: Include identification of piping service using same designations or abbreviations as used on Drawings; also include pipe size and an arrow indicating flow direction.

	2.4 VALVE TAGS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Description: Stamped or engraved with 1/4-inch letters for piping system abbreviation and 1/2-inch numbers.
	C. Valve Schedules: For each piping system, on 8-1/2-by-11-inch bond paper. Tabulate valve number, piping system, system abbreviation (as shown on valve tag), location of valve (room or space), normal-operating position (open, closed, or modulating), and variations for identification. Mark valves for emergency shutoff and similar special uses.


	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Clean piping and equipment surfaces of substances that could impair bond of identification devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and encapsulants.

	3.2 GENERAL INSTALLATION REQUIREMENTS
	A. Coordinate installation of identifying devices with completion of covering and painting of surfaces where devices are to be applied.
	B. Coordinate installation of identifying devices with locations of access panels and doors.
	C. Install identifying devices before installing acoustical ceilings and similar concealment.

	3.3 EQUIPMENT LABEL INSTALLATION
	A. Install or permanently fasten labels on each major item of mechanical equipment.
	B. Locate equipment labels where accessible and visible.

	3.4 PIPE LABEL INSTALLATION
	A. Piping Color Coding: Painting of piping is specified in Section 099123 "Interior Painting."
	B. Pipe Label Locations: Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior exposed locations as follows:
	C. Directional Flow Arrows: Arrows shall be used to indicate direction of flow in pipes, including pipes where flow is allowed in both directions.
	D. Pipe Label Color Schedule:

	3.5 VALVE-TAG INSTALLATION
	A. Install tags on valves and control devices in piping systems, except check valves, valves within factory-fabricated equipment units, shutoff valves, faucets, convenience and lawn-watering hose connections, and HVAC terminal devices and similar roughing-in connections of end-use fixtures and units. List tagged valves in a valve schedule.
	B. Valve-Tag Application Schedule: Tag valves according to size, shape, and color scheme and with captions similar to those indicated in the following subparagraphs:

	3.6 WARNING-TAG INSTALLATION
	A. Write required message on, and attach warning tags to, equipment and other items where required.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. AABC: Associated Air Balance Council.
	B. BAS: Building automation systems.
	C. NEBB: National Environmental Balancing Bureau.
	D. TAB: Testing, adjusting, and balancing.
	E. TABB: Testing, Adjusting, and Balancing Bureau.
	F. TAB Specialist: An independent entity meeting qualifications to perform TAB work.
	G. TDH: Total dynamic head.

	1.4 PREINSTALLATION MEETINGS
	A. TAB Conference: If requested by the Owner, conduct a TAB conference at Project site after approval of the TAB strategies and procedures plan to develop a mutual understanding of the details. Provide a minimum of 7 days' advance notice of scheduled meeting time and location.

	1.5 ACTION SUBMITTALS
	A. LEED Submittals:

	1.6 INFORMATIONAL SUBMITTALS
	A. Qualification Data: Within 30 days of Contractor's Notice to Proceed, submit documentation that the TAB specialist and this Project's TAB team members meet the qualifications specified in "Quality Assurance" Article.
	B. Contract Documents Examination Report: Within 30 days of Contractor's Notice to Proceed, submit the Contract Documents review report as specified in Part 3.
	C. Strategies and Procedures Plan: Within 30 days of Contractor's Notice to Proceed, submit TAB strategies and step-by-step procedures as specified in "Preparation" Article.
	D. System Readiness Checklists: Within 30 days of Contractor's Notice to Proceed, submit system readiness checklists as specified in "Preparation" Article.
	E. Examination Report: Submit a summary report of the examination review required in "Examination" Article.
	F. Certified TAB reports.
	G. Sample report forms.
	H. Instrument calibration reports, to include the following:

	1.7 QUALITY ASSURANCE
	A. TAB Specialists Qualifications: Certified by NEBB or TABB.
	B. Instrumentation Type, Quantity, Accuracy, and Calibration: Comply with requirements in ASHRAE 111, Section 4, "Instrumentation."
	C. ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 7.2.2 - "Air Balancing."
	D. ASHRAE/IESNA Compliance: Applicable requirements in ASHRAE/IESNA 90.1, Section 6.7.2.3 - "System Balancing."

	1.8 FIELD CONDITIONS
	A. Full Owner Occupancy: Owner will occupy the site and existing building during entire TAB period. Cooperate with Owner during TAB operations to minimize conflicts with Owner's operations.
	B. Partial Owner Occupancy: Owner may occupy completed areas of building before Substantial Completion. Cooperate with Owner during TAB operations to minimize conflicts with Owner's operations.


	PART 2 -  PRODUCTS (Not Applicable)
	PART 3 -  EXECUTION
	3.1 TAB SPECIALISTS
	A. Subject to compliance with requirements, available TAB specialists may be engaged.

	3.2 EXAMINATION
	A. Examine the Contract Documents to become familiar with Project requirements and to discover conditions in systems designs that may preclude proper TAB of systems and equipment.
	B. Examine installed systems for balancing devices, such as test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and manual volume dampers. Verify that locations of these balancing devices are applicable for intended purpose and are accessible.
	C. Examine the approved submittals for HVAC systems and equipment.
	D. Examine design data including HVAC system descriptions, statements of design assumptions for environmental conditions and systems output, and statements of philosophies and assumptions about HVAC system and equipment controls.
	E. Examine ceiling plenums and underfloor air plenums used for supply, return, or relief air to verify that they are properly separated from adjacent areas. Verify that penetrations in plenum walls are sealed and fire-stopped if required.
	F. Examine equipment performance data including fan and pump curves.
	G. Examine system and equipment installations and verify that field quality-control testing, cleaning, and adjusting specified in individual Sections have been performed.
	H. Examine test reports specified in individual system and equipment Sections.
	I. Examine HVAC equipment and verify that bearings are greased, belts are aligned and tight, filters are clean, and equipment with functioning controls is ready for operation.
	J. Examine terminal units, such as variable-air-volume boxes, and verify that they are accessible and their controls are connected and functioning.
	K. Examine strainers. Verify that startup screens have been replaced by permanent screens with indicated perforations.
	L. Examine control valves for proper installation for their intended function of throttling, diverting, or mixing fluid flows.
	M. Examine heat-transfer coils for correct piping connections and for clean and straight fins.
	N. Examine system pumps to ensure absence of entrained air in the suction piping.
	O. Examine operating safety interlocks and controls on HVAC equipment.
	P. Report deficiencies discovered before and during performance of TAB procedures. Observe and record system reactions to changes in conditions. Record default set points if different from indicated values.

	3.3 PREPARATION
	A. Prepare a TAB plan that includes the following:
	B. Perform system-readiness checks of HVAC systems and equipment to verify system readiness for TAB work. Include, at a minimum, the following:

	3.4 GENERAL PROCEDURES FOR TESTING AND BALANCING
	A. Perform testing and balancing procedures on each system according to the procedures contained in ASHRAE 111, NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems" and in this Section.
	B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the minimum extent necessary for TAB procedures.
	C. Mark equipment and balancing devices, including damper-control positions, valve position indicators, fan-speed-control levers, and similar controls and devices, with paint or other suitable, permanent identification material to show final settings.
	D. Take and report testing and balancing measurements in inch-pound (IP) units.

	3.5 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS
	A. Prepare test reports for both fans and outlets. Obtain manufacturer's outlet factors and recommended testing procedures. Cross-check the summation of required outlet volumes with required fan volumes.
	B. Prepare schematic diagrams of systems' "as-built" duct layouts.
	C. For variable-air-volume systems, develop a plan to simulate diversity.
	D. Determine the best locations in main and branch ducts for accurate duct-airflow measurements.
	E. Check airflow patterns from the outdoor-air louvers and dampers and the return- and exhaust-air dampers through the supply-fan discharge and mixing dampers.
	F. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.
	G. Verify that motor starters are equipped with properly sized thermal protection.
	H. Check dampers for proper position to achieve desired airflow path.
	I. Check for airflow blockages.
	J. Check condensate drains for proper connections and functioning.
	K. Check for proper sealing of air-handling-unit components.
	L. Verify that air duct system is sealed as specified in Section 233113 "Metal Ducts."

	3.6 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS
	A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by fan manufacturer.
	B. Adjust volume dampers for main duct, submain ducts, and major branch ducts to indicated airflows.
	C. Adjust air inlets and outlets for each space to indicated airflows.
	D. Verify final system conditions.

	3.7 PROCEDURES FOR HEAT EXCHANGERS
	A. Adjust water flow to within specified tolerances.
	B. Measure inlet and outlet water temperatures.
	C. Measure inlet steam pressure.
	D. Check settings and operation of safety and relief valves. Record settings.

	3.8 PROCEDURES FOR MOTORS
	A. Motors 1/2 HP and Larger: Test at final balanced conditions and record the following data:
	B. Motors Driven by Variable-Frequency Controllers: Test manual bypass of controller to prove proper operation.

	3.9 DUCT LEAKAGE TETS
	A. Witness the duct pressure testing performed by Installer.
	B. Verify that proper test methods are used and that leakage rates are within specified tolerances.
	C. Report deficiencies observed.

	3.10 CONTROLS VERIFICATION
	A. In conjunction with system balancing, perform the following:
	B. Reporting: Include a summary of verifications performed, remaining deficiencies, and variations from indicated conditions.

	3.11 TOLERANCES
	A. Set HVAC system's airflow rates and water flow rates within the following tolerances:
	B. Maintaining pressure relationships as designed shall have priority over the tolerances specified above.

	3.12 PROGRESS REPORTING
	A. Initial Construction-Phase Report: Based on examination of the Contract Documents as specified in "Examination" Article, prepare a report on the adequacy of design for systems balancing devices. Recommend changes and additions to systems balancing devices to facilitate proper performance measuring and balancing. Recommend changes and additions to HVAC systems and general construction to allow access for performance measuring and balancing devices.
	B. Status Reports: Prepare biweekly progress reports to describe completed procedures, procedures in progress, and scheduled procedures. Include a list of deficiencies and problems found in systems being tested and balanced. Prepare a separate report for each system and each building floor for systems serving multiple floors.

	3.13 FINAL REPORT
	A. General: Prepare a certified written report; tabulate and divide the report into separate sections for tested systems and balanced systems.
	B. Final Report Contents: In addition to certified field-report data, include the following:
	C. General Report Data: In addition to form titles and entries, include the following data:
	D. System Diagrams: Include schematic layouts of air and hydronic distribution systems. Present each system with single-line diagram and include the following:
	E. Air-Handling-Unit Test Reports: For air-handling units with coils, include the following:
	F. Apparatus-Coil Test Reports:
	G. Gas- and Oil-Fired Heat Apparatus Test Reports: In addition to manufacturer's factory startup equipment reports, include the following:
	H. Electric-Coil Test Reports: For electric furnaces, duct coils, and electric coils installed in central-station air-handling units, include the following:
	I. Fan Test Reports: For supply, return, and exhaust fans, include the following:
	J. Round, Flat-Oval, and Rectangular Duct Traverse Reports: Include a diagram with a grid representing the duct cross-section and record the following:
	K. Air-Terminal-Device Reports:
	L. System-Coil Reports: For reheat coils and water coils of terminal units, include the following:
	M. Pump Test Reports: Calculate impeller size by plotting the shutoff head on pump curves and include the following:
	N. Instrument Calibration Reports:

	3.14 VERIFICATION OF TAB REPORT
	A. The TAB specialist's test and balance engineer shall conduct the inspection in the presence of Architect Construction Manager commissioning authority.
	B. Commissioning authority shall randomly select measurements, documented in the final report, to be rechecked. Rechecking shall be limited to either 10 percent of the total measurements recorded or the extent of measurements that can be accomplished in a normal 8-hour business day.
	C. If rechecks yield measurements that differ from the measurements documented in the final report by more than the tolerances allowed, the measurements shall be noted as "FAILED."
	D. If the number of "FAILED" measurements is greater than 10 percent of the total measurements checked during the final inspection, the testing and balancing shall be considered incomplete and shall be rejected.
	E. If TAB work fails, proceed as follows:
	F. Prepare test and inspection reports.

	3.15 ADDITIONAL TESTS
	A. Within 90 days of completing TAB, perform additional TAB to verify that balanced conditions are being maintained throughout and to correct unusual conditions.
	B. Seasonal Periods: If initial TAB procedures were not performed during near-peak summer and winter conditions, perform additional TAB during near-peak summer and winter conditions.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section includes insulating the following duct services:
	B. Related Sections:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated. Include thermal conductivity, water-vapor permeance thickness, and jackets (both factory- and field-applied if any).
	B. Shop Drawings: Include plans, elevations, sections, details, and attachments to other work.

	1.4 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For qualified Installer.
	B. Material Test Reports: From a qualified testing agency acceptable to authorities having jurisdiction indicating, interpreting, and certifying test results for compliance of insulation materials, sealers, attachments, cements, and jackets, with requirements indicated. Include dates of tests and test methods employed.
	C. Field quality-control reports.

	1.5 QUALITY ASSURANCE
	A. Installer Qualifications: Skilled mechanics who have successfully completed an apprenticeship program or another craft training program certified by the Department of Labor, Bureau of Apprenticeship and Training.
	B. Surface-Burning Characteristics: For insulation and related materials, as determined by testing identical products according to ASTM E 84, by a testing agency acceptable to authorities having jurisdiction. Factory label insulation and jacket materials and adhesive, mastic, tapes, and cement material containers, with appropriate markings of applicable testing agency.

	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Packaging: Insulation material containers shall be marked by manufacturer with appropriate ASTM standard designation, type and grade, and maximum use temperature.

	1.7 COORDINATION
	A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in Section 230529 "Hangers and Supports for HVAC Piping and Equipment."
	B. Coordinate clearance requirements with duct Installer for duct insulation application. Before preparing ductwork Shop Drawings, establish and maintain clearance requirements for installation of insulation and field-applied jackets and finishes and for space required for maintenance.
	C. Coordinate installation and testing of heat tracing.

	1.8 SCHEDULING
	A. Schedule insulation application after pressure testing systems and, where required, after installing and testing heat tracing. Insulation application may begin on segments that have satisfactory test results.
	B. Complete installation and concealment of plastic materials as rapidly as possible in each area of construction.


	PART 2 -  PRODUCTS
	2.1 INSULATION MATERIALS
	A. Comply with requirements in "Duct Insulation Schedule, General," "Indoor Duct and Plenum Insulation Schedule," and "Aboveground, Outdoor Duct and Plenum Insulation Schedule" articles for where insulating materials shall be applied.
	B. Products shall not contain asbestos, lead, mercury, or mercury compounds.
	C. Mineral-Fiber Board Insulation: Mineral or glass fibers bonded with a thermosetting resin. Comply with ASTM C 612, Type IA or Type IB. For duct and plenum applications, provide insulation with factory-applied FSK jacket. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.
	D. Mineral-Fiber Blanket Insulation: Mineral or glass fibers bonded with a thermosetting resin. Comply with ASTM C 553, Type II and ASTM C 1290, Type III with factory-applied FSK jacket. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.
	E. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

	2.2 ADHESIVES
	A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated unless otherwise indicated.
	B. Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A.
	C. ASJ Adhesive, and FSK Jacket Adhesive: Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap seams and joints.

	2.3 MASTICS
	A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with MIL-PRF-19565C, Type II.
	B. Vapor-Barrier Mastic: Water based; suitable for indoor use on below ambient services.
	C. Vapor-Barrier Mastic: Solvent based; suitable for indoor use on below ambient services.
	D. Vapor-Barrier Mastic: Solvent based; suitable for outdoor use on below ambient services.

	2.4 LAGGING ADHESIVES
	A. Description: Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with insulation materials, jackets, and substrates.

	2.5 SEALANTS
	A. FSK and Metal Jacket Flashing Sealants:
	B. ASJ Flashing Sealants, and Vinyl and PVC Jacket Flashing Sealants:

	2.6 FACTORY-APPLIED JACKETS
	A. Insulation system schedules indicate factory-applied jackets on various applications. When factory-applied jackets are indicated, comply with the following:
	B. Metal Jacket:
	C. Self-Adhesive Outdoor Jacket: 60-mil-thick, laminated vapor barrier and waterproofing membrane for installation over insulation located aboveground outdoors; consisting of a rubberized bituminous resin on a crosslaminated polyethylene film covered with white aluminum-foil facing.

	2.7 TAPES
	A. ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, complying with ASTM C 1136.
	B. FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; complying with ASTM C 1136.
	C. Aluminum-Foil Tape: Vapor-retarder tape with acrylic adhesive.

	2.8 SECUREMENTS
	A. Bands:
	B. Insulation Pins and Hangers:
	C. Staples: Outward-clinching insulation staples, nominal 3/4-inch-wide, stainless steel or Monel.
	D. Wire:  0.062-inch soft-annealed, galvanized steel.

	2.9 CORNER ANGLES
	A. PVC Corner Angles:  30 mils thick, minimum 1 by 1 inch, PVC according to ASTM D 1784, Class 16354-C. White or color-coded to match adjacent surface.
	B. Aluminum Corner Angles:  0.040 inch thick, minimum 1 by 1 inch, aluminum according to ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of insulation application.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 PREPARATION
	A. Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials that will adversely affect insulation application.

	3.3 GENERAL INSTALLATION REQUIREMENTS
	A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of voids throughout the length of ducts and fittings.
	B. Install insulation materials, vapor barriers or retarders, jackets, and thicknesses required for each item of duct system as specified in insulation system schedules.
	C. Install accessories compatible with insulation materials and suitable for the service. Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
	E. Install multiple layers of insulation with longitudinal and end seams staggered.
	F. Keep insulation materials dry during application and finishing.
	G. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with adhesive recommended by insulation material manufacturer.
	H. Install insulation with least number of joints practical.
	I. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, anchors, and other projections with vapor-barrier mastic.
	J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film thicknesses.
	K. Install insulation with factory-applied jackets as follows:
	L. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal thickness.
	M. Finish installation with systems at operating conditions. Repair joint separations and cracking due to thermal movement.
	N. Repair damaged insulation facings by applying same facing material over damaged areas. Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches similar to butt joints.

	3.4 PENETRATIONS
	A. Insulation Installation at Roof Penetrations: Install insulation continuously through roof penetrations.
	B. Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation continuously through wall penetrations.
	C. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated): Install insulation continuously through walls and partitions.
	D. Insulation Installation at Fire-Rated Wall and Partition Penetrations: Terminate insulation at fire damper sleeves for fire-rated wall and partition penetrations. Externally insulate damper sleeves to match adjacent insulation and overlap duct insulation at least 2 inches.
	E. Insulation Installation at Floor Penetrations:

	3.5 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION
	A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.

	3.6 INSTALLATION OF MINERAL-FIBER INSULATION
	A. Blanket Insulation Installation on Ducts and Plenums: Secure with adhesive and insulation pins.
	B. Board Insulation Installation on Ducts and Plenums: Secure with adhesive and insulation pins.

	3.7 FINISHES
	A. Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material: Paint jacket with paint system identified below and as specified in Section 099113 "Exterior Painting" and Section 099123 "Interior Painting."
	B. Flexible Elastomeric Thermal Insulation: After adhesive has fully cured, apply two coats of insulation manufacturer's recommended protective coating.
	C. Color: Final color as selected by Architect. Vary first and second coats to allow visual inspection of the completed Work.
	D. Do not field paint aluminum or stainless-steel jackets.

	3.8 FIELD QUALITY CONTROL
	A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections.
	B. Perform tests and inspections.
	C. Tests and Inspections:
	D. All insulation applications will be considered defective Work if sample inspection reveals noncompliance with requirements.

	3.9 DUCT INSULATION SCHEDULE, GENERAL
	A. Plenums and Ducts Requiring Insulation:
	B. Items Not Insulated:

	3.10 INDOOR DUCT AND PLENUM INSULATION SCHEDULE
	A. Concealed, round and flat-oval, supply-air duct insulation shall be one of the following:
	B. Concealed, round and flat-oval, return-air duct insulation shall be one of the following:
	C. Concealed, round and flat-oval, outdoor-air duct insulation shall be one of the following:
	D. Concealed, rectangular, supply-air duct insulation shall be one of the following:
	E. Concealed, rectangular, return-air duct insulation shall be one of the following:
	F. Concealed, rectangular, outdoor-air duct insulation shall be one of the following:
	G. Concealed, return-air plenum insulation shall be one of the following:
	H. Concealed, outdoor-air plenum insulation shall be one of the following:
	I. Exposed, round and flat-oval, supply-air duct insulation shall be one of the following:
	J. Exposed, rectangular, supply-air duct insulation shall be one of the following:
	K. Exposed, rectangular, return-air duct insulation shall be one of the following:
	L. Exposed, rectangular, outdoor-air duct insulation shall be one of the following:

	3.11 ABOVEGROUND, OUTDOOR DUCT AND PLENUM INSULATION SCHEDULE
	A. Insulation materials and thicknesses are identified below. If more than one material is listed for a duct system, selection from materials listed is Contractor's option.
	B. Exposed, rectangular, supply-air duct insulation shall be one of the following:
	C. Exposed, rectangular, return-air duct insulation shall be one of the following:

	3.12 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE
	A. Install jacket over insulation material. For insulation with factory-applied jacket, install the field-applied jacket over the factory-applied jacket.
	B. If more than one material is listed, selection from materials listed is Contractor's option.
	C. Ducts and Plenums, Exposed, up to 48 Inches in Diameter or with Flat Surfaces up to 72 Inches:
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes insulating the following HVAC piping systems:
	B. Related Sections:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated. Include thermal conductivity, water-vapor permeance thickness, and jackets (both factory and field applied if any).
	B. Shop Drawings: Include plans, elevations, sections, details, and attachments to other work.

	1.4 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For qualified Installer.
	B. Material Test Reports: From a qualified testing agency acceptable to authorities having jurisdiction indicating, interpreting, and certifying test results for compliance of insulation materials, sealers, attachments, cements, and jackets, with requirements indicated. Include dates of tests and test methods employed.
	C. Field quality-control reports.

	1.5 QUALITY ASSURANCE
	A. Installer Qualifications: Skilled mechanics who have successfully completed an apprenticeship program or another craft training program certified by the Department of Labor, Bureau of Apprenticeship and Training.
	B. Surface-Burning Characteristics: For insulation and related materials, as determined by testing identical products according to ASTM E 84, by a testing and inspecting agency acceptable to authorities having jurisdiction. Factory label insulation and jacket materials and adhesive, mastic, tapes, and cement material containers, with appropriate markings of applicable testing agency.

	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Packaging: Insulation material containers shall be marked by manufacturer with appropriate ASTM standard designation, type and grade, and maximum use temperature.

	1.7 COORDINATION
	A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in Section 230529 "Hangers and Supports for HVAC Piping and Equipment."
	B. Coordinate clearance requirements with piping Installer for piping insulation application. Before preparing piping Shop Drawings, establish and maintain clearance requirements for installation of insulation and field-applied jackets and finishes and for space required for maintenance.
	C. Coordinate installation and testing of heat tracing.

	1.8 SCHEDULING
	A. Schedule insulation application after pressure testing systems and, where required, after installing and testing heat tracing. Insulation application may begin on segments that have satisfactory test results.
	B. Complete installation and concealment of plastic materials as rapidly as possible in each area of construction.


	PART 2 -  PRODUCTS
	2.1 INSULATION MATERIALS
	A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping Insulation Schedule," "Outdoor, Aboveground Piping Insulation Schedule," and "Outdoor, Underground Piping Insulation Schedule" articles for where insulating materials shall be applied.
	B. Products shall not contain asbestos, lead, mercury, or mercury compounds.
	C. Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested according to ASTM C 871.
	D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according to ASTM C 795.
	E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing process.
	F. Flexible Elastomeric Insulation: Closed-cell, sponge- or expanded-rubber materials. Comply with ASTM C 534, Type I for tubular materials.
	G. Mineral-Fiber, Preformed Pipe Insulation:

	2.2 INSULATING CEMENTS
	A. Mineral-Fiber Insulating Cement: Comply with ASTM C 195.
	B. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with ASTM C 449.

	2.3 ADHESIVES
	A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated unless otherwise indicated.
	B. Flexible Elastomeric and Polyolefin Adhesive: Comply with MIL-A-24179A, Type II, Class I.
	C. Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A.
	D. Polystyrene Adhesive: Solvent- or water-based, synthetic resin adhesive with a service temperature range of minus 20 to plus 140 deg F.
	E. ASJ Adhesive, and FSK and PVDC Jacket Adhesive: Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap seams and joints.
	F. PVC Jacket Adhesive: Compatible with PVC jacket.

	2.4 MASTICS
	A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with MIL-PRF-19565C, Type II.
	B. Vapor-Barrier Mastic: Water based; suitable for indoor use on below-ambient services.
	C. Vapor-Barrier Mastic: Solvent based; suitable for indoor use on below-ambient services.
	D. Vapor-Barrier Mastic: Solvent based; suitable for outdoor use on below-ambient services.
	E. Breather Mastic: Water based; suitable for indoor and outdoor use on above-ambient services.

	2.5 SEALANTS
	A. ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants:

	2.6 FACTORY-APPLIED JACKETS
	A. Insulation system schedules indicate factory-applied jackets on various applications. When factory-applied jackets are indicated, comply with the following:

	2.7 FIELD-APPLIED JACKETS
	A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.
	B. PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming. Thickness is indicated in field-applied jacket schedules.

	2.8 TAPES
	A. ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, complying with ASTM C 1136.
	B. PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive; suitable for indoor and outdoor applications.

	2.9 SECUREMENTS
	A. Bands:
	B. Staples: Outward-clinching insulation staples, nominal 3/4-inch-wide, stainless steel or Monel.
	C. Wire:  0.080-inch nickel-copper alloy or 0.062-inch soft-annealed, stainless steel.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of insulation application.

	3.2 PREPARATION
	A. Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials that will adversely affect insulation application.
	B. Surface Preparation: Clean and prepare surfaces to be insulated
	C. Coordinate insulation installation with the trade installing heat tracing. Comply with requirements for heat tracing that apply to insulation.
	D. Mix insulating cements with clean potable water; if insulating cements are to be in contact with stainless-steel surfaces, use demineralized water.

	3.3 GENERAL INSTALLATION REQUIREMENTS
	A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of voids throughout the length of piping including fittings, valves, and specialties.
	B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required for each item of pipe system as specified in insulation system schedules.
	C. Install accessories compatible with insulation materials and suitable for the service. Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
	E. Install multiple layers of insulation with longitudinal and end seams staggered.
	F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.
	G. Keep insulation materials dry during application and finishing.
	H. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with adhesive recommended by insulation material manufacturer.
	I. Install insulation with least number of joints practical.
	J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, anchors, and other projections with vapor-barrier mastic.
	K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film thicknesses.
	L. Install insulation with factory-applied jackets as follows:
	M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal thickness.
	N. Finish installation with systems at operating conditions. Repair joint separations and cracking due to thermal movement.
	O. Repair damaged insulation facings by applying same facing material over damaged areas. Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches similar to butt joints.
	P. For above-ambient services, do not install insulation to the following:

	3.4 PENETRATIONS
	A. Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation continuously through wall penetrations.
	B. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated): Install insulation continuously through walls and partitions.
	C. Insulation Installation at Fire-Rated Wall and Partition Penetrations: Install insulation continuously through penetrations of fire-rated walls and partitions.

	3.5 GENERAL PIPE INSULATION INSTALLATION
	A. Requirements in this article generally apply to all insulation materials except where more specific requirements are specified in various pipe insulation material installation articles.
	B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions:
	C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps, test connections, flow meters, sensors, switches, and transmitters on insulated pipes. Shape insulation at these connections by tapering it to and around the connection with insulating cement and finish with finishing cement, mastic, and flashing sealant.
	D. Install removable insulation covers at locations indicated. Installation shall conform to the following:

	3.6 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION
	A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.
	B. Insulation Installation on Pipe Flanges:
	C. Insulation Installation on Pipe Fittings and Elbows:
	D. Insulation Installation on Valves and Pipe Specialties:

	3.7 INSTALLATION OF MINERAL-FIBER INSULATION
	A. Insulation Installation on Straight Pipes and Tubes:
	B. Insulation Installation on Pipe Flanges:
	C. Insulation Installation on Pipe Fittings and Elbows:
	D. Insulation Installation on Valves and Pipe Specialties:

	3.8 FIELD-APPLIED JACKET INSTALLATION
	A. Where FSK jackets are indicated, install as follows:
	B. Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and end joints; for horizontal applications. Seal with manufacturer's recommended adhesive.

	3.9 FINISHES
	A. Flexible Elastomeric Thermal Insulation: After adhesive has fully cured, apply two coats of insulation manufacturer's recommended protective coating.
	B. Color: White.

	3.10 PIPING INSULATION SCHEDULE, GENERAL
	A. Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for each piping system and pipe size range. If more than one material is listed for a piping system, selection from materials listed is Contractor's option.
	B. Items Not Insulated: Unless otherwise indicated, do not install insulation on the following:

	3.11 INDOOR PIPING INSULATION SCHEDULE
	A. Condensate and Equipment Drain Water below 60 Deg F:
	B. Heating-Hot-Water Supply and Return, 200 Deg F and Below:
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes pipe and fitting materials and joining methods for the following:

	1.3 ACTION SUBMITTALS
	1.4 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Piping layout, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:
	B. Field quality-control reports.

	1.5 QUALITY ASSURANCE

	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Hydronic piping components and installation shall be capable of withstanding the following minimum working pressure and temperature unless otherwise indicated:

	2.2 COPPER PIPE AND FITTINGS
	A. Drawn-Temper Copper Tubing:  ASTM B 88, Type L.
	B. Wrought-Copper Unions: ASME B16.22.

	2.3 FIBERGLASS PIPE AND FITTINGS
	A. RTRP: ASTM D 2996, filament-wound pipe with tapered bell and spigot ends for adhesive joints.
	B. RTRF: Compression or spray-up/contact molded of same material, pressure class, and joining method as pipe.
	C. Flanges: ASTM D 4024. Full-face gaskets suitable for the service, minimum 1/8-inch thick, 60-70 durometer. ASTM A 307, Grade B, hex head bolts with washers.

	2.4 JOINING MATERIALS
	A. Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping system contents.
	B. Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated.
	C. Solder Filler Metals: ASTM B 32, lead-free alloys. Include water-flushable flux according to ASTM B 813.

	2.5 DIELECTRIC FITTINGS
	A. General Requirements: Assembly of copper alloy and ferrous materials with separating nonconductive insulating material. Include end connections compatible with pipes to be joined.
	B. Dielectric Unions:


	PART 3 -  EXECUTION
	3.1 PIPING APPLICATIONS
	A. Hot-water heating piping, aboveground, NPS 2 and smaller, shall be the following:
	B. Makeup-water piping installed aboveground shall be the following:
	C. Condensate-Drain Piping:  Type L, drawn-temper copper tubing, wrought-copper fittings, and soldered joints.

	3.2 PIPING INSTALLATIONS
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems. Install piping as indicated unless deviations to layout are approved on Coordination Drawings.
	B. Install piping in concealed locations unless otherwise indicated and except in equipment rooms and service areas.
	C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated otherwise.
	D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
	E. Install piping to permit valve servicing.
	F. Install piping at indicated slopes.
	G. Install piping free of sags and bends.
	H. Install fittings for changes in direction and branch connections.
	I. Install piping to allow application of insulation.
	J. Select system components with pressure rating equal to or greater than system operating pressure.
	K. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing of valves.
	L. Install drains, consisting of a tee fitting, NPS 3/4 ball valve, and short NPS 3/4 threaded nipple with cap, at low points in piping system mains and elsewhere as required for system drainage.
	M. Install piping at a uniform grade of 0.2 percent upward in direction of flow.
	N. Reduce pipe sizes using eccentric reducer fitting installed with level side up.
	O. Install branch connections to mains using mechanically formed tee fittings in main pipe, with the branch connected to the bottom of the main pipe. For up-feed risers, connect the branch to the top of the main pipe.
	P. Install valves according to Section 230523.11 " Section 230523.13 "Butterfly Valves for HVAC Piping," and Section 230523.14 "Check Valves for HVAC Piping,"
	Q. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of equipment, and elsewhere as indicated.
	R. Install shutoff valve immediately upstream of each dielectric fitting.
	S. Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment" for identifying piping.
	T. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements for sleeves specified in Section 230517 "Sleeves and Sleeve Seals for HVAC Piping."

	3.3 DIELECTRIC FITTING INSTALLATION
	A. Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.
	B. Dielectric Fittings for NPS 2 and Smaller: Use dielectric nipples unions.
	C. Dielectric Fittings for NPS 5 and Larger: Use dielectric flange kits.

	3.4 HANGERS AND SUPPORTS
	A. Comply with requirements in Section 230529 "Hangers and Supports for HVAC Piping and Equipment" for hanger, support, and anchor devices. Comply with the following requirements for maximum spacing of supports.
	B. Install the following pipe attachments:
	C. Install hangers for drawn-temper copper piping with the following maximum spacing and minimum rod sizes:
	D. Support vertical runs at roof, at each floor, and at 10-foot intervals between floors.

	3.5 PIPE JOINT CONSTRUCTION
	A. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.
	B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	C. Soldered Joints: Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube end. Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using lead-free solder alloy complying with ASTM B 32.
	D. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore full ID. Join pipe fittings and valves as follows:

	3.6 TERMINAL EQUIPMENT CONNECTIONS
	A. Sizes for supply and return piping connections shall be the same as or larger than equipment connections.
	B. Install ports for pressure gages and thermometers at coil inlet and outlet connections. Comply with requirements in Section 230519 "Meters and Gages for HVAC Piping."

	3.7 FIELD QUALITY CONTROL
	A. Prepare hydronic piping according to ASME B31.9 and as follows:
	B. Perform the following tests on hydronic piping:
	C. Perform the following before operating the system:
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes special-duty valves and specialties for the following:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of the following:

	1.4 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For air-control devices, hydronic specialties, and special-duty valves to include in emergency, operation, and maintenance manuals.

	1.5 MAINTENANCE MATERIAL SUBMITTALS
	A. Differential Pressure Meter: For each type of balancing valve and automatic flow control valve, include flowmeter, probes, hoses, flow charts, and carrying case.

	1.6 QUALITY ASSURANCE
	A. Pipe Welding: Qualify procedures and operators according to ASME Boiler and Pressure Vessel Code: Section IX.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Hydronic piping components and installation shall be capable of withstanding the following minimum working pressure and temperature unless otherwise indicated:

	2.2 VALVES
	A. Check, and Ball, Comply with requirements specified in Section 230523.11. Section 230523.12 "Ball Valves for HVAC Piping," Section 230523.14 "Check Valves for HVAC Piping."
	B. Bronze, Calibrated-Orifice, Balancing Valves:

	2.3 AIR-CONTROL DEVICES
	A. Manual Air Vents:
	B. Automatic Air Vents:
	C. Diaphragm Bladder-Type Expansion Tanks:

	2.4 HYDRONIC PIPING SPECIALTIES
	A. Y-Pattern Strainers:


	PART 3 -  EXECUTION
	3.1 VALVE APPLICATIONS
	A. Install shutoff-duty valves at each branch connection to supply mains and at supply connection to each piece of equipment.
	B. Install calibrated-orifice, balancing valves in the return pipe of each heating or cooling terminal.
	C. Install check valves at each pump discharge and elsewhere as required to control flow direction.
	D. Install safety valves at hot-water generators and elsewhere as required by ASME Boiler and Pressure Vessel Code. Install drip-pan elbow on safety-valve outlet and pipe without valves to the outdoors; pipe drain to nearest floor drain or as indicated on Drawings. Comply with ASME Boiler and Pressure Vessel Code: Section VIII, Division 1, for installation requirements.

	3.2 HYDRONIC SPECIALTIES INSTALLATION
	A. Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as required for system air venting.
	B. Install automatic air vents at high points of system piping in mechanical equipment rooms only. Install manual vents at heat-transfer coils and elsewhere as required for air venting.
	C. Install piping from boiler air outlet, air separator, or air purger to expansion tank with a 2 percent upward slope toward tank.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Sections:

	1.3 PERFORMANCE REQUIREMENTS
	A. Delegated Duct Design: Duct construction, including sheet metal thicknesses, seam and joint construction, reinforcements, and hangers and supports, shall comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" and performance requirements and design criteria indicated in "Duct Schedule" Article.
	B. Structural Performance: Duct hangers and supports shall withstand the effects of gravity loads and stresses within limits and under conditions described in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible"
	C. Airstream Surfaces: Surfaces in contact with the airstream shall comply with requirements in ASHRAE 62.1.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of the following products:
	B. Shop Drawings:

	1.5 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Plans, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:
	B. Welding certificates.
	C. Field quality-control reports.

	1.6 QUALITY ASSURANCE
	A. Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports.
	B. Welding Qualifications: Qualify procedures and personnel according to the following:
	C. ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and Equipment" and Section 7 - "Construction and System Start-up."
	D. ASHRAE/IESNA Compliance: Applicable requirements in ASHRAE/IESNA 90.1, Section 6.4.4 - "HVAC System Construction and Insulation."


	PART 2 -  PRODUCTS
	2.1 SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS
	A. General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" based on indicated static-pressure class unless otherwise indicated.
	B. Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-1, "Rectangular Duct/Transverse Joints," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	C. Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular Duct/Longitudinal Seams," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	D. Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction: Select types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 4, "Fittings and Other Construction," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."

	2.2 SINGLE-WALL ROUND DUCTS AND FITTINGS
	A. General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on indicated static-pressure class unless otherwise indicated.
	B. Flat-Oval Ducts: Indicated dimensions are the duct width (major dimension) and diameter of the round sides connecting the flat portions of the duct (minor dimension).
	C. Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-1, "Round Duct Transverse Joints," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	D. Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-2, "Round Duct Longitudinal Seams," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	E. Tees and Laterals: Select types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and Figure 3-6, "Conical Tees," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."

	2.3 SHEET METAL MATERIALS
	A. General Material Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct construction methods unless otherwise indicated. Sheet metal materials shall be free of pitting, seam marks, roller marks, stains, discolorations, and other imperfections.
	B. Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.
	C. Aluminum Sheets: Comply with ASTM B 209 Alloy 3003, H14 temper; with mill finish for concealed ducts, and standard, one-side bright finish for duct surfaces exposed to view.
	D. Factory- or Shop-Applied Antimicrobial Coating:
	E. Reinforcement Shapes and Plates: ASTM A 36/A 36M, steel plates, shapes, and bars; black and galvanized.
	F. Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch minimum diameter for lengths longer than 36 inches.

	2.4 DUCT LINER
	A. Flexible Elastomeric Duct Liner: Preformed, cellular, closed-cell, sheet materials complying with ASTM C 534, Type II, Grade 1; and with NFPA 90A or NFPA 90B.
	B. Natural-Fiber Duct Liner: 85 percent cotton, 10 percent borate, and 5 percent polybinding fibers, treated with a microbial growth inhibitor and complying with NFPA 90A or NFPA 90B.
	C. Insulation Pins and Washers:
	D. Shop Application of Duct Liner: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 7-11, "Flexible Duct Liner Installation."

	2.5 SEALANT AND GASKETS
	A. General Sealant and Gasket Requirements: Surface-burning characteristics for sealants and gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-developed index of 50 when tested according to UL 723; certified by an NRTL.
	B. Two-Part Tape Sealing System:
	C. Water-Based Joint and Seam Sealant:
	D. Flanged Joint Sealant: Comply with ASTM C 920.
	E. Flange Gaskets: Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer.
	F. Round Duct Joint O-Ring Seals:

	2.6 HANGERS AND SUPPORTS
	A. Hanger Rods for Noncorrosive Environments: Cadmium-plated steel rods and nuts.
	B. Hanger Rods for Corrosive Environments: Electrogalvanized, all-thread rods or galvanized rods with threads painted with zinc-chromate primer after installation.
	C. Strap and Rod Sizes: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum Hanger Sizes for Round Duct."
	D. Steel Cables for Galvanized-Steel Ducts: Galvanized steel complying with ASTM A 603.
	E. Steel Cables for Stainless-Steel Ducts: Stainless steel complying with ASTM A 492.
	F. Steel Cable End Connections: Cadmium-plated steel assemblies with brackets, swivel, and bolts designed for duct hanger service; with an automatic-locking and clamping device.
	G. Duct Attachments: Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with duct materials.
	H. Trapeze and Riser Supports:


	PART 3 -  EXECUTION
	3.1 DUCT INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of duct system. Indicated duct locations, configurations, and arrangements were used to size ducts and calculate friction loss for air-handling equipment sizing and for other design considerations. Install duct systems as indicated unless deviations to layout are approved on Shop Drawings and Coordination Drawings.
	B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" unless otherwise indicated.
	C. Install round ducts in maximum practical lengths.
	D. Install ducts with fewest possible joints.
	E. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for branch connections.
	F. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and perpendicular to building lines.
	G. Install ducts close to walls, overhead construction, columns, and other structural and permanent enclosure elements of building.
	H. Install ducts with a clearance of 1 inch, plus allowance for insulation thickness.
	I. Route ducts to avoid passing through transformer vaults and electrical equipment rooms and enclosures.
	J. Where ducts pass through non-fire-rated interior partitions and exterior walls and are exposed to view, cover the opening between the partition and duct or duct insulation with sheet metal flanges of same metal thickness as the duct. Overlap openings on four sides by at least 1-1/2 inches.
	K. Where ducts pass through fire-rated interior partitions and exterior walls, install fire dampers. Comply with requirements in Section 233300 "Air Duct Accessories" for fire and smoke dampers.
	L. Protect duct interiors from moisture, construction debris and dust, and other foreign materials.[ Comply with SMACNA's "IAQ Guidelines for Occupied Buildings Under Construction," Appendix G, "Duct Cleanliness for New Construction Guidelines."]

	3.2 INSTALLATION OF EXPOSED DUCTWORK
	A. Protect ducts exposed in finished spaces from being dented, scratched, or damaged.
	B. Trim duct sealants flush with metal. Create a smooth and uniform exposed bead. Do not use two-part tape sealing system.
	C. Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter. When welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the exposed welds, and treat the welds to remove discoloration caused by welding.
	D. Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of fittings, hangers and supports, duct accessories, and air outlets.
	E. Repair or replace damaged sections and finished work that does not comply with these requirements.

	3.3 DUCT SEALING
	A. Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct Schedule" Article according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	B. Seal ducts to the following seal classes according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible":

	3.4 HANGER AND SUPPORT INSTALLATION
	A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 5, "Hangers and Supports."
	B. Building Attachments: Concrete inserts, powder-actuated fasteners, or structural-steel fasteners appropriate for construction materials to which hangers are being attached.
	C. Hanger Spacing: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers and supports within 24 inches of each elbow and within 48 inches of each branch intersection.
	D. Hangers Exposed to View: Threaded rod and angle or channel supports.
	E. Support vertical ducts with steel angles or channel secured to the sides of the duct with welds, bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum intervals of 16 feet.
	F. Install upper attachments to structures. Select and size upper attachments with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.

	3.5 CONNECTIONS
	A. Make connections to equipment with flexible connectors complying with Section 233300 "Air Duct Accessories."
	B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for branch, outlet and inlet, and terminal unit connections.

	3.6 PAINTING
	A. Paint interior of metal ducts that are visible through registers and grilles and that do not have duct liner. Apply one coat of flat, black, latex paint over a compatible galvanized-steel primer. Paint materials and application requirements are specified in Section 099113 "Exterior Painting" and Section 099123 "Interior Painting."

	3.7 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Leakage Tests:
	C. Duct System Cleanliness Tests:
	D. Duct system will be considered defective if it does not pass tests and inspections.
	E. Prepare test and inspection reports.

	3.8 DUCT CLEANING
	A. Clean new duct system(s) before testing, adjusting, and balancing.
	B. Use service openings for entry and inspection.
	C. Particulate Collection and Odor Control:
	D. Clean the following components by removing surface contaminants and deposits:
	E. Mechanical Cleaning Methodology:

	3.9 START UP
	A. Air Balance: Comply with requirements in Section 230593 "Testing, Adjusting, and Balancing for HVAC."

	3.10 DUCT SCHEDULE
	A. Fabricate ducts with galvanized sheet steel except as otherwise indicated and as follows:
	B. Supply Ducts:
	C. Return Ducts:
	D. Exhaust Ducts:
	E. Outdoor-Air (Not Filtered, Heated, or Cooled) Ducts:
	F. Intermediate Reinforcement:
	G. Liner:
	H. Elbow Configuration:
	I. Branch Configuration:
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Requirements:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. LEED Submittals:
	C. Shop Drawings: For duct accessories. Include plans, elevations, sections, details and attachments to other work.

	1.4 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Reflected ceiling plans, drawn to scale, on which ceiling-mounted access panels and access doors required for access to duct accessories are shown and coordinated with each other, using input from Installers of the items involved.
	B. Source quality-control reports.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For air duct accessories to include in operation and maintenance manuals.

	1.6 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.


	PART 2 -  PRODUCTS
	2.1 ASSEMBLY DESCRIPTION
	A. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," and with NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems."
	B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct construction methods unless otherwise indicated. Sheet metal materials shall be free of pitting, seam marks, roller marks, stains, discolorations, and other imperfections.

	2.2 MATERIALS
	A. Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.
	B. Aluminum Sheets: Comply with ASTM B 209, Alloy 3003, Temper H14; with mill finish for concealed ducts and standard, 1-side bright finish for exposed ducts.
	C. Extruded Aluminum: Comply with ASTM B 221, Alloy 6063, Temper T6.
	D. Reinforcement Shapes and Plates: Galvanized-steel reinforcement where installed on galvanized sheet metal ducts; compatible materials for aluminum and stainless-steel ducts.
	E. Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch minimum diameter for lengths longer than 36 inches.

	2.3 BACKDRAFT AND PRESSURE RELIEF DAMPERS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Description: Gravity balanced.
	C. Maximum Air Velocity:  1250 fpm 2000 fpm 3000 fpm Insert value.
	D. Maximum System Pressure:  2-inch wg.
	E. Frame: Hat-shaped, 0.094-inch-thick, galvanized sheet steel, with welded corners or mechanically attached.
	F. Blades: Multiple single-piece blades, off-center pivoted, maximum 6-inch width, noncombustible, tear-resistant, neoprene-coated fiberglass with sealed edges.
	G. Blade Action: Parallel.
	H. Blade Seals:  Neoprene, mechanically locked.
	I. Blade Axles:
	J. Tie Bars and Brackets:  Galvanized steel.
	K. Return Spring: Adjustable tension.
	L. Bearings:  Steel ball or synthetic pivot bushings.
	M. Accessories:

	2.4 MANUAL VOLUME DAMPERS
	A. Standard, Steel, Manual Volume Dampers:
	B. Jackshaft:
	C. Damper Hardware:

	2.5 CONTROL DAMPERS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Low-leakage rating, with linkage outside airstream, and bearing AMCA's Certified Ratings Seal for both air performance and air leakage.
	C. Frames:
	D. Blades:
	E. Blade Axles: 1/2-inch-diameter; galvanized steel; blade-linkage hardware of zinc-plated steel and brass; ends sealed against blade bearings.
	F. Bearings:

	2.6 FIRE DAMPERS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Type:  Dynamic; rated and labeled according to UL 555 by an NRTL.
	C. Closing rating in ducts up to 4-inch wg static pressure class and minimum 2000-fpm velocity.
	D. Fire Rating:  1-1/2 hours.
	E. Frame:  Curtain type with blades outside airstream, Curtain type with blades outside airstream except when located behind grille where blades may be inside airstream; fabricated with roll-formed, 0.034-inch-thick galvanized steel; with mitered and interlocking corners.
	F. Mounting Sleeve: Factory- or field-installed, galvanized sheet steel.
	G. Mounting Orientation: Vertical or horizontal as indicated.
	H. Blades: Roll-formed, interlocking, 0.034-inch- thick, galvanized sheet steel. In place of interlocking blades, use full-length, 0.034-inch-thick, galvanized-steel blade connectors.
	I. Horizontal Dampers: Include blade lock and stainless-steel closure spring.
	J. Heat-Responsive Device: Replaceable, 165 deg F rated, fusible links.
	K. Heat-Responsive Device: , resettable link and switch package, factory installed, 165 deg F rated.

	2.7 FLANGE CONNECTORS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Description:  Add-on or roll-formed, factory-fabricated, slide-on transverse flange connectors, gaskets, and components.
	C. Material: Galvanized steel.
	D. Gage and Shape: Match connecting ductwork.

	2.8 TURNING VANES
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Manufactured Turning Vanes for Metal Ducts: Curved blades of galvanized sheet steel; support with bars perpendicular to blades set; set into vane runners suitable for duct mounting.
	C. Manufactured Turning Vanes for Nonmetal Ducts: Fabricate curved blades of resin-bonded fiberglass with acrylic polymer coating; support with bars perpendicular to blades set; set into vane runners suitable for duct mounting.
	D. General Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible"; Figures 4-3, "Vanes and Vane Runners," and 4-4, "Vane Support in Elbows."
	E. Vane Construction:  Single, Double wall.
	F. Vane Construction: Single wall for ducts up to 48 inches wide and double wall for larger dimensions.

	2.9 DUCT ACCESS PANEL ASSEMBLIES
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Labeled according to UL 1978 by an NRTL.
	C. Panel and Frame: Minimum thickness 0.0528-inch carbon steel.
	D. Fasteners:  Carbon steel. Panel fasteners shall not penetrate duct wall.
	E. Gasket: Comply with NFPA 96; grease-tight, high-temperature ceramic fiber, rated for minimum 2000 deg F.
	F. Minimum Pressure Rating: 10-inch wg, positive or negative.

	2.10 FLEXIBLE CONNECTORS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Materials: Flame-retardant or noncombustible fabrics.
	C. Coatings and Adhesives: Comply with UL 181, Class 1.
	D. Metal-Edged Connectors: Factory fabricated with a fabric strip 3-1/2 inches 5-3/4 inches wide attached to two strips of 2-3/4-inch-wide, 0.028-inch-thick, galvanized sheet steel or 0.032-inch-thick aluminum sheets. Provide metal compatible with connected ducts.
	E. Indoor System, Flexible Connector Fabric: Glass fabric double coated with neoprene.
	F. Outdoor System, Flexible Connector Fabric: Glass fabric double coated with weatherproof, synthetic rubber resistant to UV rays and ozone.
	G. High-Temperature System, Flexible Connectors: Glass fabric coated with silicone rubber.
	H. High-Corrosive-Environment System, Flexible Connectors: Glass fabric with chemical-resistant coating.
	I. Thrust Limits: Combination coil spring and elastomeric insert with spring and insert in compression, and with a load stop. Include rod and angle-iron brackets for attaching to fan discharge and duct.

	2.11 FLEXIBLE DUCTS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. Insulated, Flexible Duct: UL 181, Class 1, 2-ply vinyl film supported by helically wound, spring-steel wire; fibrous-glass insulation; polyethylene vapor-barrier film.
	C. Insulated, Flexible Duct: UL 181, Class 1, black polymer film supported by helically wound, spring-steel wire; fibrous-glass insulation; polyethylene vapor-barrier film.
	D. Insulated, Flexible Duct: UL 181, Class 1, multiple layers of aluminum laminate supported by helically wound, spring-steel wire; fibrous-glass insulation; polyethylene vapor-barrier film.
	E. Insulated, Flexible Duct: UL 181, Class 1, aluminum laminate and polyester film with latex adhesive supported by helically wound, spring-steel wire; fibrous-glass insulation; polyethylene vapor-barrier film.
	F. Flexible Duct Connectors:

	2.12 DUCT ACCESSORY HARDWARE
	A. Instrument Test Holes: Cast iron or cast aluminum to suit duct material, including screw cap and gasket. Size to allow insertion of pitot tube and other testing instruments and of length to suit duct-insulation thickness.
	B. Adhesives: High strength, quick setting, neoprene based, waterproof, and resistant to gasoline and grease.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install duct accessories according to applicable details in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for metal ducts and in NAIMA AH116, "Fibrous Glass Duct Construction Standards," for fibrous-glass ducts.
	B. Install duct accessories of materials suited to duct materials; use galvanized-steel accessories in galvanized-steel and fibrous-glass ducts, stainless-steel accessories in stainless-steel ducts, and aluminum accessories in aluminum ducts.
	C. Install backdraft control dampers at inlet of exhaust fans or exhaust ducts as close as possible to exhaust fan unless otherwise indicated.
	D. Install volume dampers at points on supply, return, and exhaust systems where branches extend from larger ducts. Where dampers are installed in ducts having duct liner, install dampers with hat channels of same depth as liner, and terminate liner with nosing at hat channel.
	E. Set dampers to fully open position before testing, adjusting, and balancing.
	F. Install test holes at fan inlets and outlets and elsewhere as indicated.
	G. Install duct access doors on sides of ducts to allow for inspecting, adjusting, and maintaining accessories and equipment at the following locations:
	H. Install access doors with swing against duct static pressure.
	I. Access Door Sizes:
	J. Label access doors according to Section 230553 "Identification for HVAC Piping and Equipment" to indicate the purpose of access door.
	K. Install flexible connectors to connect ducts to equipment.
	L. For fans developing static pressures of 5-inch wg and more, cover flexible connectors with loaded vinyl sheet held in place with metal straps.
	M. Connect diffusers or light troffer boots to ducts with maximum 60-inch lengths of flexible duct clamped or strapped in place.
	N. Connect flexible ducts to metal ducts with draw bands.
	O. Install duct test holes where required for testing and balancing purposes.
	P. Install thrust limits at centerline of thrust, symmetrical on both sides of equipment. Attach thrust limits at centerline of thrust and adjust to a maximum of 1/4-inch movement during start and stop of fans.

	3.2 FIELD QUALITY CONTROL
	A. Tests and Inspections:
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Sections:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated, include the following:

	1.4 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Reflected ceiling plans, drawn to scale, on which the following items are shown and coordinated with each other, using input from Installers of the items involved:
	B. Source quality-control reports.


	PART 2 -  PRODUCTS
	2.1 CEILING DIFFUSERS
	A. Rectangular and Square Ceiling Diffusers:
	B. Louver Face Diffuser:

	2.2 REGISTERS AND GRILLES
	A. Adjustable Bar Register:
	B. Adjustable Bar Grille <Insert drawing designation>:
	C. Fixed Face Register:
	D. Fixed Face Grille:

	2.3 SOURCE QUALITY CONTROL
	A. Verification of Performance: Rate diffusers, registers, and grilles according to ASHRAE 70, "Method of Testing for Rating the Performance of Air Outlets and Inlets."


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas where diffusers, registers, and grilles are to be installed for compliance with requirements for installation tolerances and other conditions affecting performance of equipment.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install diffusers, registers, and grilles level and plumb.
	B. Ceiling-Mounted Outlets and Inlets: Drawings indicate general arrangement of ducts, fittings, and accessories. Air outlet and inlet locations have been indicated to achieve design requirements for air volume, noise criteria, airflow pattern, throw, and pressure drop. Make final locations where indicated, as much as practical. For units installed in lay-in ceiling panels, locate units in the center of panel. Where architectural features or other items conflict with installation, notify Architect for a determination of final location.
	C. Install diffusers, registers, and grilles with airtight connections to ducts and to allow service and maintenance of dampers, air extractors, and fire dampers.

	3.3 ADJUSTING
	A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as directed, before starting air balancing.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes electric boilers, trim, and accessories for generating hot water.

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: For boilers, boiler trim, and accessories.

	1.4 INFORMATIONAL SUBMITTALS
	A. Source quality-control reports.
	B. Field quality-control reports.
	C. Sample Warranty: For special warranty.
	D. Other Informational Submittals:

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For boilers, components, and accessories to include in emergency, operation, and maintenance manuals.

	1.6 WARRANTY
	A. Manufacturer's Warranty: Manufacturer agrees to repair or replace pressure vessels of boilers that fail in materials or workmanship within specified warranty period.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

	2.2 MANUFACTURED UNITS
	A. Description: Factory-fabricated, -assembled, and -tested electric boilers with trim and controls necessary to generate hot water.
	B. Pressure Vessel:  Carbon-steel pressure vessel mounted on structural-steel base.
	C. Nozzles: Flanges for water inlet and outlet and heating element inserts; threaded connections for trim and controls.
	D. Insulation:  One layer of minimum 2-inch- thick, glass-fiber insulation.
	E. Jacket:  Galvanized sheet metal casing with baked-enamel or powder-coated protective finish and removable panels with snap-in or interlocking closures for access to pressure vessel.
	F. Lifting Lugs: Welded to pressure vessel, extending above jacket.
	G. Heating Elements:  Incoloy-sheathed, replaceable electric-resistance element, rated 20-kW maximum.
	H. Mounting Base: For securing boiler to concrete base.
	I. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	J. ASME Compliance: Fabricate and label boilers to comply with 2013 ASME Boiler and Pressure Vessel Code.
	K. NFPA Compliance: Design and fabricate boilers to comply with NFPA 70, Article 424, Paragraphs G and H.
	L. UL Compliance: Test boilers for compliance with UL 834. Boilers shall be listed and labeled by a testing agency acceptable to authorities having jurisdiction.
	M. CSA Compliance: Test boilers for compliance with CSA B51.

	2.3 TRIM FOR HOT-WATER BOILERS
	A. Include devices sized to comply with ASME B31.9.
	B. Aquastat Controllers: Operating auto-reset high limit.
	C. Safety Relief Valve: ASME rated.
	D. Pressure and Temperature Gage: Minimum 3-1/2-inch-diameter, combination water-pressure and -temperature gage. Gages shall have operating-pressure and -temperature ranges, so normal operating range is about 50 percent of full range.
	E. Boiler Air Vent:  Automatic.
	F. Dip-tube in water outlet.
	G. Drain Valve: Minimum NPS 3/4 hose-end ball valve sized according to requirements of authorities having jurisdiction.

	2.4 CONTROLS
	A. Boiler operating controls shall include the following devices and features:
	B. Safety Controls: To maintain safe operating conditions, safety controls limit boiler operation.

	2.5 ELECTRICAL POWER
	A. Single-Point Field Power Connection: Factory-installed and -wired switches, transformers, and electrical devices necessary shall provide a single-point field power connection to boiler.
	B. Electrical Enclosures: NEMA 250, Type 1 enclosure with hinged door and key-locking handle.
	C. Install factory wiring outside of an enclosure in a metal raceway.
	D. Comply with NFPA 70.
	E. Connectors: Mechanical lugs bolted to copper bus bars or distribution blocks with pressure connectors.
	F. Fuses: NEMA FU 1, Class J or K5; 60 A, maximum.
	G. Contactors: Three-pole magnetic contactors, listed for 500,000 cycles at full load.
	H. Factory-wired internal control devices and heating elements.

	2.6 CAPACITIES AND CHARACTERISTICS
	A. Hot-Water Heating:

	2.7 SOURCE QUALITY CONTROL
	A. Test and inspect factory-assembled boilers, before shipping, according to 2013 ASME Boiler and Pressure Vessel Code.
	B. Hydrostatic Test: Factory test assembled boiler, including hydrostatic test.
	C. Allow Owner access to source quality-control testing of boilers. Notify Architect 14 days in advance of testing.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine roughing-in for concrete equipment bases, anchor-bolt sizes and locations, and piping and electrical connections to verify actual locations, sizes, and other conditions affecting performance of the Work.
	B. Examine mechanical spaces, including required space for element removal, for suitable conditions where boilers will be installed.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 BOILER INSTALLATION
	A. Equipment Mounting:
	B. Install electrical devices furnished with boiler but not specified to be factory mounted.

	3.3 CONNECTIONS
	A. Piping installation requirements are specified in Section 232113 "Hydronic Piping" Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Install piping adjacent to boiler to allow service and maintenance.
	C. Connect hot-water piping to supply- and return-boiler tappings, with shutoff valve and union or flange at each connection.
	D. Connect steam and condensate piping to supply-, return-, and blowdown-boiler tappings, with shutoff valve and union or flange at each connection.
	E. Install piping from safety relief valves to nearest floor drain.
	F. Install piping from safety relief valves to drip-pan elbow and to nearest floor drain.
	G. Install piping from equipment drain connection to nearest floor drain. Piping shall be at least full size of connection. Provide an isolation valve if required.

	3.4 FIELD QUALITY CONTROL
	A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections.
	B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	C. Perform the following tests and inspections with the assistance of a factory-authorized service representative:
	D. Remove and replace malfunctioning units and retest as specified above.
	E. Performance Tests:
	F. Boiler will be considered defective if it does not pass tests and inspections.
	G. Prepare test and inspection reports.

	3.5 ADJUSTING
	A. Occupancy Adjustments: When requested within 12 months of date of Substantial Completion, provide on-site assistance in adjusting system to suit actual occupied conditions. Provide up to two visits to Project during other-than-normal occupancy hours for this purpose.

	3.6 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain boilers. Refer to Section 017900 "Demonstration and Training."



	section 238127- variable refrigerant flow system_0
	PART 1 -  GENERAL
	1.1 GENERAL
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SCOPE
	A. The work covered under this section shall include the following:

	1.3 QUALITY ASSURANCE
	A. Manufacturers Field Service - Engage a factory-authorized service representative to inspect field assembled components and equipment installation, including connections, and to assist in field testing.
	B. The units shall be listed by a nationally recognized testing laboratory and bear that national’label. All wiring shall be in accordance with the National Electrical Code (NEC). The units shall be manufactured in a facility registered to ISO 9001 and ISO14001.
	C. The refrigeration piping system shall be provided, installed, tested, evacuated and charged in accordance with the manufacturer's recommendations, ANSI, ASHRAE, and ARI's Safety Code for Mechanical Refrigeration, state and local codes.
	D. Perform the following field tests and inspections and prepare test reports:
	E. Remove and replace malfunctioning units and retest as specified above.

	1.4 SUBMITTALS
	A. Provide shop drawings on this equipment as described in section 15010, 1.04.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers - Provide products by one of the following:
	B. Coordinate any changes from the basis of design with all associated trades. Any additional costs associated with the alternate equipment shall be covered by the equipment manufacturer. No additional costs shall be incurred by the Owner.

	2.2 REFRIGERANT COMPONENTS
	A. The equipment specified in this section shall operate with refrigerant R410A - no exceptions or substitutions.
	B. The system shall utilize fully modulating electronic expansion valves.
	C. Refrigerant Piping:

	2.3 HEAT PUMP CONDENSING UNITS
	A. The outdoor unit will have air cooled heat exchange coils constructed from copper tubing with aluminum fins. The coils will be set in a vertical formation with air being drawn in through three sides of the unit and discharged out of the top of the unit. The systems will have a single fan mounted on top of the coils.
	B. The outdoor unit will have one inverter controlled hermetic compressor. Partial capacity cooling/heating capability must be available. The system shall use a control sequence to ensure that indoor loads are matched to compressor capacity control.
	C. The refrigeration process of the outdoor unit will be maintained by pressure and temperature sensors controlling solenoid valves check valves and bypass valves. The heating or cooling mode of the outdoor unit will be controlled using a combination of two- and three-way valves which will reverse the cycle of the refrigerant to change the mode of the outdoor unit.
	D. The variable capacity, heat pump air conditioning system shall be variable refrigerant flow split system. The system shall consist of multiple evaporators using PID control and inverter driven outdoor unit. The unit shall consist of direct expansion (DX), air-cooled heat pump air conditioning system, variable speed driven compressor multi zone split system. The outdoor unit may connect an indoor evaporator capacity of 50-130% to that of the outdoor condensing unit capacity. Each indoor unit shall be capable of operating separately with individual temperature control.
	E. The outdoor unit shall be interconnected to indoor unit types specified in this section. The indoor units shall be connected to the outdoor units utilizing the specialized piping joints and headers provided by the equipment manufacturer.
	F. General - The outdoor unit is designed specifically for use with manufacturers components.
	G. Unit Cabinet - The outdoor unit model shall be completely weatherproof and corrosion resistant. The outdoor unit will be constructed from steel plate and treated with acrylic paint, or galvanized steel, bonderized and finished with a powder coated baked enamel.
	H. Fan
	I. Condenser Coil - The condenser coil shall be manufactured from copper tubes expanded into aluminum fins to form a mechanical bond.
	J. Compressor
	K. Electrical

	2.4 HEAT RECOVERY UNITS FOR SIMULANEOUS HEATING AND COOLING SYSTEMS
	A. General - The Heat Recovery Unit shall be designed for use with VRF equipment of the same manufacturer. These units shall be equipped with a circuit board that interfaces to the controls system and shall perform all functions necessary for operation. The unit shall have a galvanized steel finish. The heat recovery unit shall be completely factory assembled, piped, and wired. Each unit shall be run tested at the factory. This unit shall be mounted indoors. The sum of connected capacity of all indoor air handlers shall range from 50% to 150% of rated capacity.
	B. Unit Cabinet
	C. Refrigerant - R410A refrigerant shall be required for Heat Recovery units in conjunction with outdoor unit systems.
	D. Refrigerant Valves
	E. Integral Drain Pan - A integral condensate pan and drain, if required, shall be provided.
	F. Electrical

	2.5 INDOOR AIR HANDLING UNITS
	A. It shall be possible for the total connected capacity of the indoor units to be between 50 and 130% of the capacity of the outdoor unit.
	B. Each indoor unit will have a heat exchanger which shall be constructed from copper tubing with aluminum fins. The flow of refrigerant through the heat exchanger will be controlled by an electronic proportional expansion valve. This valve will be controlled by two pipe thermistors, a return air and discharge air thermistor and shall be capable of controlling the variable capacity of the indoor unit between 25% and 100%.
	C. Each indoor unit shall have an operating voltage of 208-230V/1 phase/60Hz. The indoor unit shall supply demand capacity information to the outdoor unit via its control algorithm.
	D. Four (4) Way Ceiling Cassette Indoor Unit:
	E. One (1) Way Ceiling Cassette Indoor Unit

	2.6 CONTROLS
	A. The units shall have controls provided with the unit by the manufacturer to perform input functions necessary to operate the system.
	B. Computerized PID control shall be used to maintain room temperature within 1F of setpoint.

	2.7 CONTROLLERS
	A. Physical Characteristics - The control system shall be a neutral color plastic material with a Liquid Crystal Display (LCD).
	B. Electrical Characteristics:
	C. Individual Zone Controller - Wired Remote Controller.
	D. Individual Zone Controller B Simplified Wired Remote Controller
	E. System Remote Controller - The controller shall control up to 50 units in 4 zones and shall be able to be used in conjunction with all room controller types. Collective and individual group commands are available with permit/prohibit individual remote controller function. The system controller shall use the following connections for power and remote monitoring:
	F. Web Enabled Intelligent Controller


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install all piping, fittings, and insulation to meet manufacturers requirements. Install units level and plumb. Evaporator-fan components shall be installed using manufacturers standard mounting devices securely fastened to building structure. Install and connect refrigerant tubing and fittings.
	B. Installer shall supply isolation ball valves for zoned refrigerant isolation. Installer shall supply Isolation ball valves with Schrader connection for isolating refrigerant charge and evacuation at each connected air handling unit and condensing unit. Isolation ball valves, with Schrader connection, are required for instances of air handling unit isolation for troubleshooting, repair, or replacement without affecting the remainder of the system. Isolation ball valves with Schrader connection are also required at condensing unit connection to isolate unit for troubleshooting, repair or replacement and as required to provide partial capacity Heating/Cooling in the instance of a failure of one of the multiple outdoor unit (condensing unit) compressors.
	C. During brazing an inert gas (such as nitrogen) shall be continuously passed through the system at a rate sufficient to maintain an oxygen free environment to prevent the formation of copper oxide scale. After piping has been completed, the refrigerant piping system shall be pressure tested at a pressure of 300 psi on the high side and 150 psi on the low side. The pressure shall be maintained on the system for a minimum of 12 hours. The system shall be evacuated when the surrounding ambient air is not less than 60 F. If the temperature is less, auxiliary heat must be provided to insure proper evacuating conditions. A minimum vacuum of 500 Microns of Hg. shall be pulled on the system and maintained for 12 hours. The vacuum pump displacement shall be not less than 2 cfm for up to 15 tons. The system shall be charged as recommended by the equipment manufacturer.
	D. Electrical wiring required by this section, both high and low voltage, shall comply with the Division 16 requirements.
	E. Start Up - Engage manufacturer or factory-authorized service representative to perform startup service. Manufacturer shall provide on-site startup and commissioning assistance through job completion. Complete installation and startup checks according to manufacturers written instructions. This shall include a factory startup for factory provided control devices as well as configuring control points for other DO devices. Service representative shall completely configure all control devices and establish remote internet connectivity with the owner’s energy management department web server.
	F. Demonstration – Engage manufacturer or factory- authorized service representative to train Owners maintenance personnel to adjust operate and maintain individual units and complete system.
	G. Indoor air handling and outside condensing units shall be installed in accordance with the manufacturer’s recommendation and as shown on the drawings.



	260526 fl - grounding and bonding for electrical systems_0
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section includes grounding and bonding systems and equipment.
	B. Section includes grounding and bonding systems and equipment, plus the following special applications:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.

	1.4 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Plans showing dimensioned locations of grounding features specified in "Field Quality Control" Article, including the following:
	B. Qualification Data: For testing agency and testing agency's field supervisor.
	C. Field quality-control reports.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For grounding to include in emergency, operation, and maintenance manuals.

	1.6 QUALITY ASSURANCE
	A. Testing Agency Qualifications: Certified by NETA.


	PART 2 -  PRODUCTS
	2.1 SYSTEM DESCRIPTION
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with UL 467 for grounding and bonding materials and equipment.

	2.2 MANUFACTURERS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:

	2.3 CONDUCTORS
	A. Insulated Conductors:  Copper or tinned-copper wire or cable insulated for 600 V unless otherwise required by applicable Code or authorities having jurisdiction.
	B. Bare Copper Conductors:
	C. Grounding Bus: Predrilled rectangular bars of annealed copper, 1/4 by 4 inches in cross section, with 9/32-inch holes spaced 1-1/8 inches apart. Stand-off insulators for mounting shall comply with UL 891 for use in switchboards, 600 V and shall be Lexan or PVC, impulse tested at 5000 V.

	2.4 CONNECTORS
	A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in which used and for specific types, sizes, and combinations of conductors and other items connected.
	B. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for materials being joined and installation conditions.
	C. Bus-Bar Connectors: Mechanical type, cast silicon bronze, solderless compression-type wire terminals, and long-barrel, two-bolt connection to ground bus bar.
	D. Bus-Bar Connectors: Compression type, copper or copper alloy, with two wire terminals.
	E. Beam Clamps: Mechanical type, terminal, ground wire access from four directions, with dual, tin-plated or silicon bronze bolts.
	F. Cable-to-Cable Connectors: Compression type, copper or copper alloy.
	G. Cable Tray Ground Clamp: Mechanical type, zinc-plated malleable iron.
	H. Conduit Hubs: Mechanical type, terminal with threaded hub.
	I. Ground Rod Clamps: Mechanical type, copper or copper alloy, terminal with hex head bolt.
	J. Ground Rod Clamps: Mechanical type, copper or copper alloy, terminal with hex head bolt.
	K. Lay-in Lug Connector: Mechanical type, copper rated for direct burial terminal with set screw.
	L. Service Post Connectors: Mechanical type, bronze alloy terminal, in short- and long-stud lengths, capable of single and double conductor connections.
	M. Signal Reference Grid Clamp: Mechanical type, stamped-steel terminal with hex head screw.
	N. Straps: Solid copper, cast-bronze clamp. Rated for 600 A.
	O. Tower Ground Clamps: Mechanical type, copper or copper alloy, terminal two-piece clamp.
	P. U-Bolt Clamps: Mechanical type, copper or copper alloy, terminal listed for direct burial.
	Q. Water Pipe Clamps:

	2.5 GROUNDING ELECTRODES
	A. Ground Rods:  Copper-clad steel, sectional type; 3/4 inch by 10 feet.
	B. Chemical-Enhanced Grounding Electrodes: Copper tube, straight or L-shaped, charged with nonhazardous electrolytic chemical salts.
	C. Ground Plates: 1/4 inch thick, hot-dip galvanized.


	PART 3 -  EXECUTION
	3.1 APPLICATIONS
	A. Conductors: Install solid conductor for No. 8 AWG and smaller, and stranded conductors for No. 6 AWG and larger unless otherwise indicated.
	B. Underground Grounding Conductors: Install barecopper conductor, No. 3/0 AWG minimum.
	C. Isolated Grounding Conductors: Green-colored insulation with continuous yellow stripe. On feeders with isolated ground, identify grounding conductor where visible to normal inspection, with alternating bands of green and yellow tape, with at least three bands of green and two bands of yellow.
	D. Grounding Bus: Install in electrical equipment rooms, in rooms housing service equipment, and elsewhere as indicated.
	E. Conductor Terminations and Connections:

	3.2 GROUNDING AT THE SERVICE
	A. Equipment grounding conductors and grounding electrode conductors shall be connected to the ground bus. Install a main bonding jumper between the neutral and ground buses.

	3.3 GROUNDING SEPARATELY DERIVED SYSTEMS
	A. Generator: Install grounding electrode(s) at the generator location. The electrode shall be connected to the equipment grounding conductor and to the frame of the generator.

	3.4 GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS
	A. Comply with IEEE C2 grounding requirements.
	B. Grounding Manholes and Handholes: Install a driven ground rod through manhole or handhole floor, close to wall, and set rod depth so 4 inches will extend above finished floor. If necessary, install ground rod before manhole is placed and provide No. 1/0 AWG bare, tinned-copper conductor from ground rod into manhole through a waterproof sleeve in manhole wall. Protect ground rods passing through concrete floor with a double wrapping of pressure-sensitive insulating tape or heat-shrunk insulating sleeve from 2 inches above to 6 inches below concrete. Seal floor opening with waterproof, nonshrink grout.
	C. Grounding Connections to Manhole Components: Bond exposed-metal parts such as inserts, cable racks, pulling irons, ladders, and cable shields within each manhole or handhole, to ground rod or grounding conductor. Make connections with No. 4 AWG minimum, stranded, hard-drawn copper bonding conductor. Train conductors level or plumb around corners and fasten to manhole walls. Connect to cable armor and cable shields according to written instructions by manufacturer of splicing and termination kits.
	D. Pad-Mounted Transformers and Switches: Install two ground rods and ground ring around the pad. Ground pad-mounted equipment and noncurrent-carrying metal items associated with substations by connecting them to underground cable and grounding electrodes. Install tinned-copper conductor not less than No. 2 AWG for ground ring and for taps to equipment grounding terminals. Bury ground ring not less than 6 inches from the foundation.

	3.5 EQUIPMENT GROUNDING
	A. Install insulated equipment grounding conductors with all feeders and branch circuits.
	B. Install insulated equipment grounding conductors with the following items, in addition to those required by NFPA 70:
	C. Air-Duct Equipment Circuits: Install insulated equipment grounding conductor to duct-mounted electrical devices operating at 120 V and more, including air cleaners, heaters, dampers, humidifiers, and other duct electrical equipment. Bond conductor to each unit and to air duct and connected metallic piping.
	D. Water Heater, Heat-Tracing, and Antifrost Heating Cables: Install a separate insulated equipment grounding conductor to each electric water heater and heat-tracing cable. Bond conductor to heater units, piping, connected equipment, and components.
	E. Isolated Grounding Receptacle Circuits: Install an insulated equipment grounding conductor connected to the receptacle grounding terminal. Isolate conductor from raceway and from panelboard grounding terminals. Terminate at equipment grounding conductor terminal of the applicable derived system or service unless otherwise indicated.
	F. Isolated Equipment Enclosure Circuits: For designated equipment supplied by a branch circuit or feeder, isolate equipment enclosure from supply circuit raceway with a nonmetallic raceway fitting listed for the purpose. Install fitting where raceway enters enclosure, and install a separate insulated equipment grounding conductor. Isolate conductor from raceway and from panelboard grounding terminals. Terminate at equipment grounding conductor terminal of the applicable derived system or service unless otherwise indicated.
	G. Poles Supporting Outdoor Lighting Fixtures: Install grounding electrode and a separate insulated equipment grounding conductor in addition to grounding conductor installed with branch-circuit conductors.
	H. Metallic Fences: Comply with requirements of IEEE C2.

	3.6 INSTALLATION
	A. Grounding Conductors: Route along shortest and straightest paths possible unless otherwise indicated or required by Code. Avoid obstructing access or placing conductors where they may be subjected to strain, impact, or damage.
	B. Ground Bonding Common with Lightning Protection System: Comply with NFPA 780 and UL 96 when interconnecting with lightning protection system. Bond electrical power system ground directly to lightning protection system grounding conductor at closest point to electrical service grounding electrode. Use bonding conductor sized same as system grounding electrode conductor, and install in conduit.
	C. Ground Rods: Drive rods until tops are 2 inches below finished floor or final grade unless otherwise indicated.
	D. Test Wells: Ground rod driven through drilled hole in bottom of handhole. Handholes are specified in Section 260543 "Underground Ducts and Raceways for Electrical Systems," and shall be at least 12 inches deep, with cover.
	E. Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance except where routed through short lengths of conduit.
	F. Grounding and Bonding for Piping:
	G. Bonding Interior Metal Ducts: Bond metal air ducts to equipment grounding conductors of associated fans, blowers, electric heaters, and air cleaners. Installbonding jumper to bond across flexible duct connections to achieve continuity.
	H. Grounding for Steel Building Structure: Install a driven ground rod at base of each corner column and at intermediate exterior columns at distances not more than 60 feet apart.
	I. Ground Ring: Install a grounding conductor, electrically connected to each building structure ground rod and to each steel column, extending around the perimeter of the building and platform.

	3.7 FIELD QUALITY CONTROL
	A. Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections.
	B. Testing Agency: Engage a qualified testing agency to perform tests and inspections.
	C. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	D. Perform tests and inspections.
	E. Tests and Inspections:
	F. Grounding system will be considered defective if it does not pass tests and inspections.
	G. Prepare test and inspection reports.
	H. Report measured ground resistances that exceed the following values:
	I. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Architect promptly and include recommendations to reduce ground resistance.



	260544 fl - sleeves and sleeve seals for electrical raceways and cabling_0
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Requirements:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.


	PART 2 -  PRODUCTS
	2.1 SLEEVES
	A. Wall Sleeves:
	B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: Galvanized-steel sheet; 0.0239-inch minimum thickness; round tube closed with welded longitudinal joint, with tabs for screw-fastening the sleeve to the board.
	C. PVC-Pipe Sleeves: ASTM D 1785, Schedule 40.
	D. Molded-PVC Sleeves: With nailing flange for attaching to wooden forms.
	E. Molded-PE or -PP Sleeves: Removable, tapered-cup shaped, and smooth outer surface with nailing flange for attaching to wooden forms.
	F. Sleeves for Rectangular Openings:

	2.2 SLEEVE-SEAL SYSTEMS
	A. Description: Modular sealing device, designed for field assembly, to fill annular space between sleeve and raceway or cable.

	2.3 SLEEVE-SEAL FITTINGS
	A. Description: Manufactured plastic, sleeve-type, waterstop assembly made for embedding in concrete slab or wall. Unit shall have plastic or rubber waterstop collar with center opening to match piping OD.

	2.4 GROUT
	A. Description: Nonshrink; recommended for interior and exterior sealing openings in non-fire-rated walls or floors.
	B. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
	C. Design Mix: 5000-psi, 28-day compressive strength.
	D. Packaging: Premixed and factory packaged.

	2.5 SILICONE SEALANTS
	A. Silicone Sealants: Single-component, silicone-based, neutral-curing elastomeric sealants of grade indicated below.
	B. Silicone Foams: Multicomponent, silicone-based liquid elastomers that, when mixed, expand and cure in place to produce a flexible, nonshrinking foam.


	PART 3 -  EXECUTION
	3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS
	A. Comply with NECA 1.
	B. Comply with NEMA VE 2 for cable tray and cable penetrations.
	C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and Masonry-Unit Floors and Walls:
	D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:
	E. Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with flexible boot-type flashing units applied in coordination with roofing work.
	F. Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe sleeves and mechanical sleeve seals. Select sleeve size to allow for 1-inch annular clear space between pipe and sleeve for installing mechanical sleeve seals.
	G. Underground, Exterior-Wall and Floor Penetrations: Install cast-iron pipe sleeves. Size sleeves to allow for 1-inch annular clear space between raceway or cable and sleeve for installing sleeve-seal system.

	3.2 SLEEVE-SEAL-SYSTEM INSTALLATION
	A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at raceway entries into building.
	B. Install type and number of sealing elements recommended by manufacturer for raceway or cable material and size. Position raceway or cable in center of sleeve. Assemble mechanical sleeve seals and install in annular space between raceway or cable and sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make watertight seal.

	3.3 SLEEVE-SEAL-FITTING INSTALLATION
	A. Install sleeve-seal fittings in new walls and slabs as they are constructed.
	B. Assemble fitting components of length to be flush with both surfaces of concrete slabs and walls. Position waterstop flange to be centered in concrete slab or wall.
	C. Secure nailing flanges to concrete forms.
	D. Using grout, seal the space around outside of sleeve-seal fittings.



	260548.16 fl - seismic controls for electrical systems_0
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Requirements:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Delegated-Design Submittal: For each seismic-restraint device.

	1.4 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Show coordination of seismic bracing for electrical components with other systems and equipment in the vicinity, including other supports and seismic restraints.
	B. Qualification Data: For professional engineer and testing agency.
	C. Welding certificates.
	D. Field quality-control reports.

	1.5 QUALITY ASSURANCE
	A. Testing Agency Qualifications: An independent agency, with the experience and capability to conduct the testing indicated, that is a nationally recognized testing laboratory as defined by OSHA in 29 CFR 1910.7 and that is acceptable to authorities having jurisdiction.
	B. Comply with seismic-restraint requirements in the IBC unless requirements in this Section are more stringent.
	C. Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	D. Seismic-restraint devices shall have horizontal and vertical load testing and analysis. They shall bear anchorage preapproval from OSHPD in addition to preapproval, showing maximum seismic-restraint ratings, by ICC-ES or another agency acceptable to authorities having jurisdiction. Ratings based on independent testing are preferred to ratings based on calculations. If preapproved ratings are not available, submittals based on independent testing are preferred. Calculations (including combining shear and tensile loads) that support seismic-restraint designs must be signed and sealed by a qualified professional engineer.
	E. Comply with NFPA 70.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Wind-Restraint Loading:
	B. Seismic-Restraint Loading:

	2.2 RESTRAINT CHANNEL BRACINGS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Description: MFMA-4, shop- or field-fabricated bracing assembly made of slotted steel channels with accessories for attachment to braced component at one end and to building structure at the other end, with other matching components, and with corrosion-resistant coating; rated in tension, compression, and torsion forces.

	2.3 RESTRAINT CABLES
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Restraint Cables:  ASTM A 492 stainless-steel cables. End connections made of steel assemblies with thimbles, brackets, swivel, and bolts designed for restraining cable service; with a minimum of two clamping bolts for cable engagement.

	2.4 SEISMIC-RESTRAINT ACCESSORIES
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Hanger-Rod Stiffener:  Steel tube or steel slotted-support-system sleeve with internally bolted connections to hanger rod.
	C. Hinged and Swivel Brace Attachments: Multifunctional steel connectors for attaching hangers to rigid channel bracings and restraint cables.
	D. Bushings for Floor-Mounted Equipment Anchor Bolts: Neoprene bushings designed for rigid equipment mountings and matched to type and size of anchor bolts and studs.
	E. Bushing Assemblies for Wall-Mounted Equipment Anchorage: Assemblies of neoprene elements and steel sleeves designed for rigid equipment mountings and matched to type and size of attachment devices used.
	F. Resilient Isolation Washers and Bushings: One-piece, molded, oil- and water-resistant neoprene, with a flat washer face.

	2.5 MECHANICAL ANCHOR BOLTS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Mechanical Anchor Bolts: Drilled-in and stud-wedge or female-wedge type in zinc-coated steel for interior applications and stainless steel for exterior applications. Select anchor bolts with strength required for anchor and as tested according to ASTM E 488.

	2.6 ADHESIVE ANCHOR BOLTS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Adhesive Anchor Bolts: Drilled-in and capsule anchor system containing PVC or urethane methacrylate-based resin and accelerator, or injected polymer or hybrid mortar adhesive. Provide anchor bolts and hardware with zinc-coated steel for interior applications and stainless steel for exterior applications. Select anchor bolts with strength required for anchor and as tested according to ASTM E 488.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas and equipment to receive vibration isolation and seismic-control devices for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.
	B. Examine roughing-in for reinforcement and cast-in-place anchors to verify actual locations before installation.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 APPLICATIONS
	A. Multiple Raceways or Cables: Secure raceways and cables to trapeze member with clamps approved for application by an evaluation service member of ICC-ES.
	B. Hanger-Rod Stiffeners: Install hanger-rod stiffeners where indicated or scheduled on Drawings to receive them and where required to prevent buckling of hanger rods caused by seismic forces.
	C. Strength of Support and Seismic-Restraint Assemblies: Where not indicated, select sizes of components so strength will be adequate to carry present and future static and seismic loads within specified loading limits.

	3.3 SEISMIC-RESTRAINT DEVICE INSTALLATION
	A. Coordinate the location of embedded connection hardware with supported equipment attachment and mounting points and with requirements for concrete reinforcement and formwork specified in Section 033000 "Cast-in-Place Concrete."
	B. Equipment and Hanger Restraints:
	C. Install cables so they do not bend across edges of adjacent equipment or building structure.
	D. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to provide resilient media where equipment or equipment-mounting channels are attached to wall.
	E. Attachment to Structure: If specific attachment is not indicated, anchor bracing to structure at flanges of beams, at upper truss chords of bar joists, or at concrete members.
	F. Drilled-in Anchors:

	3.4 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION
	A. Install flexible connections in runs of raceways, cables, wireways, cable trays, and busways where they cross seismic joints, where adjacent sections or branches are supported by different structural elements, and where connection is terminated to equipment that is anchored to a different structural element from the one supporting them as they approach equipment.

	3.5 FIELD QUALITY CONTROL
	A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections.
	B. Perform the following tests and inspections:
	C. Seismic controls will be considered defective if they do not pass tests and inspections.
	D. Prepare test and inspection reports.

	3.6 ADJUSTING
	A. Adjust restraints to permit free movement of equipment within normal mode of operation.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Samples: For each type of label and sign to illustrate composition, size, colors, lettering style, mounting provisions, and graphic features of identification products.
	C. Identification Schedule: For each piece of electrical equipment and electrical system components to be an index of nomenclature for electrical equipment and system components used in identification signs and labels. Use same designations indicated on Drawings.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Comply with ASME A13.1 and IEEE C2.
	B. Comply with NFPA 70.
	C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145.
	D. Comply with ANSI Z535.4 for safety signs and labels.
	E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks used by label printers, shall comply with UL 969.
	F. Thermal Movements: Allow for thermal movements from ambient and surface temperature changes.

	2.2 COLOR AND LEGEND REQUIREMENTS
	A. Raceways and Cables Carrying Circuits at 600 V or Less:
	B. Color-Coding for Phase- and Voltage-Level Identification, 600 V or Less: Use colors listed below for ungrounded service feeder and branch-circuit conductors.
	C. Raceways and Cables Carrying Circuits at More Than 600 V:
	D. Warning Label Colors:
	E. Warning labels and signs shall include, but are not limited to, the following legends:

	2.3 LABELS
	A. Vinyl Wraparound Labels: Preprinted, flexible labels laminated with a clear, weather- and chemical-resistant coating and matching wraparound clear adhesive tape for securing label ends.
	B. Snap-around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeves, with diameters sized to suit diameters and that stay in place by gripping action.
	C. Self-Adhesive Wraparound Labels:  Preprinted, 3-mil-thick, polyester flexible label with acrylic pressure-sensitive adhesive.
	D. Self-Adhesive Labels:  Polyester, thermal, transfer-printed, 3-mil-thick, multicolor, weather- and UV-resistant, pressure-sensitive adhesive labels, configured for intended use and location.

	2.4 BANDS AND TUBES
	A. Snap-around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeves, 2 inches long, with diameters sized to suit diameters and that stay in place by gripping action.
	B. Heat-Shrink Preprinted Tubes: Flame-retardant polyolefin tubes with machine-printed identification labels, sized to suit diameter and shrunk to fit firmly. Full shrink recovery occurs at a maximum of 200 deg F. Comply with UL 224.

	2.5 TAPES AND STENCILS
	A. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification legend machine printed by thermal transfer or equivalent process.
	B. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; not less than 3 mils thick by 1 to 2 inches wide; compounded for outdoor use.
	C. Tape and Stencil: 4-inch-wide black stripes on 10-inch centers placed diagonally over orange background and is 12 inches wide. Stop stripes at legends.
	D. Floor Marking Tape: 2-inch-wide, 5-mil pressure-sensitive vinyl tape, with yellow and black stripes and clear vinyl overlay.
	E. Underground-Line Warning Tape:
	F. Stenciled Legend: In nonfading, waterproof, black ink or paint. Minimum letter height shall be 1 inch.

	2.6 TAGS
	A. Metal Tags: Brass or aluminum, 2 by 2 by 0.05 inch, with stamped legend, punched for use with self-locking cable tie fastener.
	B. Nonmetallic Preprinted Tags: Polyethylene tags, 0.015 inch thick, color-coded for phase and voltage level, with factory printed permanent designations; punched for use with self-locking cable tie fastener.
	C. Write-on Tags:

	2.7 SIGNS
	A. Baked-Enamel Signs:
	B. Metal-Backed Butyrate Signs:
	C. Laminated Acrylic or Melamine Plastic Signs:

	2.8 CABLE TIES
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. General-Purpose Cable Ties: Fungus inert, self-extinguishing, one piece, self-locking, and Type 6/6 nylon.
	C. UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior sunlight, self-extinguishing, one piece, self-locking, and Type 6/6 nylon.
	D. Plenum-Rated Cable Ties: Self-extinguishing, UV stabilized, one piece, and self-locking.

	2.9 MISCELLANEOUS IDENTIFICATION PRODUCTS
	A. Paint: Comply with requirements in painting Sections for paint materials and application requirements. Retain paint system applicable for surface material and location (exterior or interior).
	B. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel machine screws with nuts and flat and lock washers.


	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Self-Adhesive Identification Products: Before applying electrical identification products, clean substrates of substances that could impair bond, using materials and methods recommended by manufacturer of identification product.

	3.2 INSTALLATION
	A. Verify and coordinate identification names, abbreviations, colors, and other features with requirements in other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's wiring diagrams, and operation and maintenance manual. Use consistent designations throughout Project.
	B. Install identifying devices before installing acoustical ceilings and similar concealment.
	C. Verify identity of each item before installing identification products.
	D. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and operation and maintenance manual.
	E. Apply identification devices to surfaces that require finish after completing finish work.
	F. Install signs with approved legend to facilitate proper identification, operation, and maintenance of electrical systems and connected items.
	G. System Identification for Raceways and Cables under 600 V: Identification shall completely encircle cable or conduit. Place identification of two-color markings in contact, side by side.
	H. System Identification for Raceways and Cables over 600 V: Identification shall completely encircle cable or conduit. Place adjacent identification of two-color markings in contact, side by side.
	I. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, and signal connections.
	J. Emergency Operating Instruction Signs: Install instruction signs with white legend on a red background with minimum 3/8-inch-high letters for emergency instructions at equipment used for power transfer.
	K. Elevated Components: Increase sizes of labels, signs, and letters to those appropriate for viewing from the floor.
	L. Accessible Fittings for Raceways: Identify the covers of each junction and pull box of the following systems with the wiring system legend and system voltage. System legends shall be as follows:
	M. Vinyl Wraparound Labels:
	N. Snap-around Labels: Secure tight to surface at a location with high visibility and accessibility.
	O. Self-Adhesive Wraparound Labels: Secure tight to surface at a location with high visibility and accessibility.
	P. Self-Adhesive Labels:
	Q. Snap-around Color-Coding Bands: Secure tight to surface at a location with high visibility and accessibility.
	R. Heat-Shrink, Preprinted Tubes: Secure tight to surface at a location with high visibility and accessibility.
	S. Marker Tapes: Secure tight to surface at a location with high visibility and accessibility.
	T. Self-Adhesive Vinyl Tape: Secure tight to surface at a location with high visibility and accessibility.
	U. Tape and Stencil: Comply with requirements in painting Sections for surface preparation and paint application.
	V. Floor Marking Tape: Apply stripes to finished surfaces following manufacturer's written instructions.
	W. Underground Line Warning Tape:
	X. Metal Tags:
	Y. Nonmetallic Preprinted Tags:
	Z. Write-on Tags:
	AA. Baked-Enamel Signs:
	BB. Metal-Backed Butyrate Signs:
	CC. Laminated Acrylic or Melamine Plastic Signs:
	DD. Cable Ties: General purpose, for attaching tags, except as listed below:

	3.3 IDENTIFICATION SCHEDULE
	A. Install identification materials and devices at locations for most convenient viewing without interference with operation and maintenance of equipment. Install access doors or panels to provide view of identifying devices.
	B. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, pull points, and locations of high visibility. Identify by system and circuit designation.
	C. Concealed Raceways, Duct Banks, More Than 600 V, within Buildings: Tape and stencil. Stencil legend "DANGER - CONCEALED HIGH-VOLTAGE WIRING" with 3-inch-high, black letters on 20-inch centers.
	D. Accessible Raceways, Armored and Metal-Clad Cables, More Than 600 V:  Vinyl wraparound labels.
	E. Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and Branch Circuits, More Than 30 A and 120 V to Ground: Identify with self-adhesive raceway labels.
	F. Accessible Fittings for Raceways and Cables within Buildings: Identify the covers of each junction and pull box of the following systems with self-adhesive labels containing the wiring system legend and system voltage. System legends shall be as follows:
	G. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and junction boxes, manholes, and handholes, use vinyl wraparound labels to identify the phase.
	H. Power-Circuit Conductor Identification, More Than 600 V: For conductors in vaults, pull and junction boxes, manholes, and handholes, use write-on tags.
	I. Control-Circuit Conductor Identification: For conductors and cables in pull and junction boxes, manholes, and handholes, use write-on tags with the conductor or cable designation, origin, and destination.
	J. Control-Circuit Conductor Termination Identification: For identification at terminations, provide heat-shrink preprinted tubes with the conductor designation.
	K. Conductors to Be Extended in the Future: Attach write-on tags to conductors and list source.
	L. Auxiliary Electrical Systems Conductor Identification:  Marker tape that is uniform and consistent with system used by manufacturer for factory-installed connections.
	M. Locations of Underground Lines: Underground-line warning tape for power, lighting, communication, and control wiring and optical-fiber cable.
	N. Concealed Raceways and Duct Banks, More Than 600 V, within Buildings: Apply floor marking tape to the following finished surfaces:
	O. Workspace Indication: Apply floor marking tape or tape and stencil to finished surfaces. Show working clearances in the direction of access to live parts. Workspace shall comply with NFPA 70 and 29 CFR 1926.403 unless otherwise indicated. Do not install at flush-mounted panelboards and similar equipment in finished spaces.
	P. Instructional Signs: Self-adhesive labels, including the color code for grounded and ungrounded conductors.
	Q. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  Baked-enamel warning signs.
	R. Arc Flash Warning Labeling: Self-adhesive labels.
	S. Operating Instruction Signs:  Self-adhesive labels.
	T. Emergency Operating Instruction Signs:  Self-adhesive labels with white legend on a red background with minimum 3/8-inch-high letters for emergency instructions at equipment used for.
	U. Equipment Identification Labels:
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section includes dry-type, medium-voltage transformers, with primary and secondary bushings within or without air-terminal enclosures.

	1.3 DEFINITIONS
	A. BAS: Building Automation System.
	B. BIL: Basic Impulse Insulation Level.
	C. VPE: Vacuum Pressure Encapsulation.
	D. VPI: Vacuum Pressure Impregnation.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: For dry-type, medium-voltage transformers.

	1.5 INFORMATIONAL SUBMITTALS
	A. Coordination Drawing:
	B. Qualification Data: For testing agency.
	C. Seismic Qualification Certificates: For transformer assembly, accessories, and components, from manufacturer.
	D. Product Certificates: For transformers, signed by product manufacturer.
	E. Source quality-control reports.
	F. Field quality-control reports.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For transformer and accessories to include in emergency, operation, and maintenance manuals.

	1.7 QUALITY ASSURANCE
	A. Testing Agency Qualifications: Member company of NETA or an NRTL.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:

	2.2 SYSTEM DESCRIPTION
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with IEEE C2.
	C. Comply with IEEE C57.12.01.

	2.3 PERFORMANCE REQUIREMENTS
	A. Seismic Performance: The transformers shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.
	B. Windings Material:  Copper.
	C. Surge Arresters: Comply with IEEE C62.11, Distribution Class; metal-oxide-varistor type, connected in each phase of incoming circuit and ahead of any disconnecting device.
	D. Cooling Systems: Comply with IEEE C57.12.01 for cooling class.
	E. Coils Insulation Systems:
	F. Winding Connections: Connection of windings and terminal markings shall comply with IEEE C57.12.70.
	G. Efficiency: Comply with 10 CFR 431, Subpart K.
	H. Bushings shall comply with IEEE C57.19.01 requirements for impulse and low-frequency insulation levels.
	I. Tap Changer: External, for de-energized operation.
	J. Enclosure:
	K. Sound level shall comply with requirements of NEMA TR 1.
	L. Capacities and Characteristics:

	2.4 CONTROL NETWORK
	A. Controllers: Support serial MS/TP and Ethernet IP communications, and able to communicate directly via RS-485 serial networks and Ethernet 10Base-T networks as a native device.

	2.5 WARNING LABELS AND SIGNS
	A. Comply with requirements for labels and signs specified in Section 260553 "Identification for Electrical Systems."

	2.6 SOURCE QUALITY CONTROL
	A. Provide manufacturer's certificate that the transformer design tests comply with IEEE C57.12.91.
	B. Perform the following factory-certified routine tests on each transformer 500 kVA and less for this Project:
	C. Perform the following factory-certified tests on each transformer 500 kVA and larger for this Project. Reports shall comply with the minimum information requirements of IEEE C57.12.01:
	D. Owner will witness required factory tests. Notify Architect at least 14 days before date of tests and indicate their approximate duration.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine dry-type, medium-voltage transformers upon delivery.
	B. Handling:
	C. Storage:
	D. Examine areas and space conditions for compliance with requirements for dry-type, medium-voltage transformers and other conditions affecting performance of the Work.
	E. Examine roughing-in of conduits and grounding systems to verify the following:
	F. Examine walls, floors, roofs, and concrete bases for suitable conditions for transformer installation.
	G. Pre-Installation Checks:
	H. Verify that ground connections are in place and that requirements in Section 260526 "Grounding and Bonding for Electrical Systems" have been met. Maximum ground resistance shall be 5 ohms at transformer location.
	I. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install transformers on cast-in-place concrete equipment base(s). Comply with requirements for equipment bases and foundations specified in Section 033000 "Cast-in-Place Concrete."
	B. Transformer shall be installed level and plumb and shall tilt less than 1.5 degrees while energized.
	C. Comply with requirements for vibration isolation and seismic control devices specified in Section 260529 "Hangers and Supports for Electrical Systems" and Section 260548.16 "Seismic Controls for Electrical Systems."
	D. Maintain minimum clearances and workspace at equipment according to manufacturer's written instructions and NFPA 70.

	3.3 CONNECTIONS
	A. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical Systems."
	B. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables."
	C. Terminate medium-voltage cables in incoming section of substations according to Section 260513 "Medium-Voltage Cables."

	3.4 SIGNS AND LABELS
	A. Comply with installation requirements for labels and signs specified in Section 260553 "Identification for Electrical Systems."
	B. Install warning signs as required to comply with 29 CFR 1910.269.

	3.5 FIELD QUALITY CONTROL
	A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections.
	B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	C. Perform the following tests and inspections:

	3.6 FOLLOW-UP SERVICE
	A. Voltage Monitoring and Adjusting: After Substantial Completion, if requested by Owner, but not more than six months after Final Acceptance, perform the following voltage monitoring:
	B. Infrared Inspection: Perform survey during periods of maximum possible loading. Remove all necessary covers prior to inspection.

	3.7 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain systems.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:  Distribution, dry-type transformers rated 600 V and less, with capacities up to 1500 kVA.

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings:

	1.4 INFORMATIONAL SUBMITTALS
	A. Seismic Qualification Certificates: For transformers, accessories, and components, from manufacturer.
	B. Qualification Data: For testing agency.
	C. Source quality-control reports.
	D. Field quality-control reports.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For transformers to include in emergency, operation, and maintenance manuals.

	1.6 QUALITY ASSURANCE
	A. Testing Agency Qualifications: Accredited by NETA.

	1.7 DELIVERY, STORAGE, AND HANDLING
	A. Temporary Heating: Apply temporary heat according to manufacturer's written instructions within the enclosure of each ventilated-type unit, throughout periods during which equipment is not energized and when transformer is not in a space that is continuously under normal control of temperature and humidity.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Source Limitations: Obtain each transformer type from single source from single manufacturer.

	2.2 GENERAL TRANSFORMER REQUIREMENTS
	A. Description: Factory-assembled and -tested, air-cooled units for 60-Hz service.
	B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	C. Transformers Rated 15 kVA and Larger: Comply with NEMA TP 1 energy-efficiency levels as verified by testing according to NEMA TP 2.
	D. Cores: Electrical grade, non-aging silicon steel with high permeability and low hysteresis losses.
	E. Coils: Continuous windings without splices except for taps.
	F. Encapsulation: Transformers smaller than 30 kVA shall have core and coils completely resin encapsulated.
	G. Shipping Restraints: Paint or otherwise color code bolts, wedges, blocks, and other restraints that are to be removed after installation and before energizing. Use fluorescent colors that are easily identifiable inside the transformer enclosure.

	2.3 DISTRIBUTION TRANSFORMERS
	A. Comply with NFPA 70, and list and label as complying with UL 1561.
	B. Provide transformers that are constructed to withstand seismic forces specified in Section 260548.16 "Seismic Controls for Electrical Systems."
	C. Cores: One leg per phase.
	D. Enclosure:  Ventilated .
	E. Transformer Enclosure Finish: Comply with NEMA 250.
	F. Taps for Transformers 3 kVA and Smaller:  One 5 percent tap above normal full capacity.
	G. Taps for Transformers 7.5 to 24 kVA:  One 5 percent tap above and one 5 percent tap below normal full capacity.
	H. Taps for Transformers 25 kVA and Larger:  Two 2.5 percent taps above and two 2.5 percent taps below normal full capacity.
	I. Insulation Class, Smaller than 30 kVA: 185 deg C, UL-component-recognized insulation system with a maximum of 115-deg C rise above 40-deg C ambient temperature.
	J. Insulation Class, 30 kVA and Larger: 220 deg C, UL-component-recognized insulation system with a maximum of 150-deg C rise above 40-deg C ambient temperature.
	K. K-Factor Rating: Transformers indicated to be K-factor rated shall comply with UL 1561 requirements for nonsinusoidal load current-handling capability to the degree defined by designated K-factor.
	L. Electrostatic Shielding: Each winding shall have an independent, single, full-width copper electrostatic shield arranged to minimize interwinding capacitance.
	M. Neutral: Rated 200 percent of full load current for K-factor rated transformers.
	N. Wall Brackets:  Manufacturer's standard brackets.
	O. Fungus Proofing: Permanent fungicidal treatment for coil and core.
	P. Low-Sound-Level Requirements: Maximum sound levels when factory tested according to IEEE C57.12.91.

	2.4 IDENTIFICATION DEVICES
	A. Nameplates: Engraved, laminated-plastic or metal nameplate for each distribution transformer, mounted with corrosion-resistant screws. Nameplates and label products are specified in Section 260553 "Identification for Electrical Systems."

	2.5 SOURCE QUALITY CONTROL
	A. Test and inspect transformers according to IEEE C57.12.01 and IEEE C57.12.91.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine conditions for compliance with enclosure- and ambient-temperature requirements for each transformer.
	B. Verify that field measurements are as needed to maintain working clearances required by NFPA 70 and manufacturer's written instructions.
	C. Examine walls, floors, roofs, and concrete bases for suitable mounting conditions where transformers will be installed.
	D. Verify that ground connections are in place and requirements in Section 260526 "Grounding and Bonding for Electrical Systems" have been met. Maximum ground resistance shall be 5 ohms at location of transformer.
	E. Environment: Enclosures shall be rated for the environment in which they are located. Covers for NEMA 250, Type 4X enclosures shall not cause accessibility problems.
	F. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install wall-mounted transformers level and plumb with wall brackets fabricated by transformer manufacturer.
	B. Install transformers level and plumb on a concrete base with vibration-dampening supports. Locate transformers away from corners and not parallel to adjacent wall surface.
	C. Construct concrete bases according to Section 033000 "Cast-in-Place Concrete" and anchor floor-mounted transformers according to manufacturer's written instructions, seismic codes applicable to Project, and requirements in Section 260529 "Hangers and Supports for Electrical Systems."
	D. Secure transformer to concrete base according to manufacturer's written instructions.
	E. Secure covers to enclosure and tighten all bolts to manufacturer-recommended torques to reduce noise generation.
	F. Remove shipping bolts, blocking, and wedges.

	3.3 CONNECTIONS
	A. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical Systems."
	B. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables."
	C. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values. If manufacturer's torque values are not indicated, use those specified in UL 486A-486B.
	D. Provide flexible connections at all conduit and conductor terminations and supports to eliminate sound and vibration transmission to the building structure.

	3.4 FIELD QUALITY CONTROL
	A. Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections.
	B. Testing Agency: Engage a qualified testing agency to perform tests and inspections.
	C. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	D. Perform tests and inspections.
	E. Tests and Inspections:
	F. Remove and replace units that do not pass tests or inspections and retest as specified above.
	G. Infrared Scanning: Two months after Substantial Completion, perform an infrared scan of transformer connections.
	H. Test Labeling: On completion of satisfactory testing of each unit, attach a dated and signed "Satisfactory Test" label to tested component.

	3.5 ADJUSTING
	A. Record transformer secondary voltage at each unit for at least 48 hours of typical occupancy period. Adjust transformer taps to provide optimum voltage conditions at secondary terminals. Optimum is defined as not exceeding nameplate voltage plus 5 percent and not being lower than nameplate voltage minus 3 percent at maximum load conditions. Submit recording and tap settings as test results.
	B. Connect buck-boost transformers to provide nameplate voltage of equipment being served, plus or minus 5 percent, at secondary terminals.
	C. Output Settings Report: Prepare a written report recording output voltages and tap settings.

	3.6 CLEANING
	A. Vacuum dirt and debris; do not use compressed air to assist in cleaning.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. ATS: Acceptance testing specification.
	B. GFCI: Ground-fault circuit interrupter.
	C. GFEP: Ground-fault equipment protection.
	D. HID: High-intensity discharge.
	E. MCCB: Molded-case circuit breaker.
	F. SPD: Surge protective device.
	G. VPR: Voltage protection rating.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of panelboard.
	B. Shop Drawings: For each panelboard and related equipment.

	1.5 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For testing agency.
	B. Panelboard Schedules: For installation in panelboards.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For panelboards and components to include in emergency, operation, and maintenance manuals. In addition to items specified in Section 017823 "Operation and Maintenance Data," include the following:

	1.7 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.

	1.8 QUALITY ASSURANCE
	A. Manufacturer Qualifications: ISO 9001 or 9002 certified.

	1.9 DELIVERY, STORAGE, AND HANDLING
	A. Remove loose packing and flammable materials from inside panelboards; install temporary electric heating (250 W per panelboard) to prevent condensation.
	B. Handle and prepare panelboards for installation according to NECA 407.

	1.10 FIELD CONDITIONS
	A. Environmental Limitations:
	B. Service Conditions: NEMA PB 1, usual service conditions, as follows:
	C. Interruption of Existing Electric Service: Do not interrupt electric service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary electric service according to requirements indicated:

	1.11 WARRANTY
	A. Manufacturer's Warranty: Manufacturer agrees to repair or replace panelboards that fail in materials or workmanship within specified warranty period.
	B. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or replace SPD that fails in materials or workmanship within specified warranty period.


	PART 2 -  PRODUCTS
	2.1 PANELBOARDS AND LOAD CENTERS COMMON REQUIREMENTS
	A. Fabricate and test panelboards according to IEEE 344 to withstand seismic forces defined in Section 260548.16 "Seismic Controls for Electrical Systems."
	B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for panelboards including clearances between panelboards and adjacent surfaces and other items. Comply with indicated maximum dimensions.
	C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	D. Comply with NEMA PB 1.
	E. Comply with NFPA 70.
	F. Enclosures:  Surface-mounted, dead-front cabinets.
	G. Incoming Mains:
	H. Phase, Neutral, and Ground Buses:
	I. Conductor Connectors: Suitable for use with conductor material and sizes.
	J. NRTL Label: Panelboards or load centers shall be labeled by an NRTL acceptable to authority having jurisdiction for use as service equipment with one or more main service disconnecting and overcurrent protective devices. Panelboards or load centers shall have meter enclosures, wiring, connections, and other provisions for utility metering. Coordinate with utility company for exact requirements.
	K. Future Devices: Panelboards or load centers shall have mounting brackets, bus connections, filler plates, and necessary appurtenances required for future installation of devices.
	L. Panelboard Short-Circuit Current Rating: Rated for series-connected system with integral or remote upstream overcurrent protective devices and labeled by an NRTL. Include label or manual with size and type of allowable upstream and branch devices listed and labeled by an NRTL for series-connected short-circuit rating.
	M. Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-circuit current available at terminals. Assembly listed by an NRTL for 100 percent interrupting capacity.

	2.2 PERFORMANCE REQUIREMENTS
	A. Seismic Performance: Panelboards shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.
	B. Surge Suppression: Factory installed as an integral part of indicated panelboards, complying with UL 1449 SPD Type 1.

	2.3 POWER PANELBOARDS
	A. <Double click here to find, evaluate, and insert list of manufacturers and products.>
	B. Panelboards: NEMA PB 1, distribution type.
	C. Doors: Secured with vault-type latch with tumbler lock; keyed alike.
	D. Mains:  Circuit breaker or Lugs as determined on drawings.
	E. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes 125 A and Smaller:  Plug-in circuit breakers.
	F. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes Larger Than 125 A:  Bolt-on circuit breakers.
	G. Branch Overcurrent Protective Devices: Fused switches.

	2.4 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS
	A. Panelboards: NEMA PB 1, lighting and appliance branch-circuit type.
	B. Mains:  Circuit breaker.
	C. Branch Overcurrent Protective Devices:  Plug-in circuit breakers, replaceable without disturbing adjacent units.
	D. Doors: Concealed hinges; secured with flush latch with tumbler lock; keyed alike.
	E. Doors: Door-in-door construction with concealed hinges; secured with multipoint latch with tumbler lock; keyed alike. Outer door shall permit full access to the panel interior. Inner door shall permit access to breaker operating handles and labeling, but current carrying terminals and bus shall remain concealed.

	2.5 IDENTIFICATION
	A. Panelboard Label: Manufacturer's name and trademark, voltage, amperage, number of phases, and number of poles shall be located on the interior of the panelboard door.
	B. Breaker Labels: Faceplate shall list current rating, UL and IEC certification standards, and AIC rating.
	C. Circuit Directory: Directory card inside panelboard door, mounted in metal frame with transparent protective cover.
	D. Circuit Directory: Computer-generated circuit directory mounted inside panelboard door with transparent plastic protective cover.

	2.6 ACCESSORY COMPONENTS AND FEATURES
	A. Accessory Set: Include tools and miscellaneous items required for overcurrent protective device test, inspection, maintenance, and operation.
	B. Portable Test Set: For testing functions of solid-state trip devices without removing from panelboard. Include relay and meter test plugs suitable for testing panelboard meters and switchboard class relays.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Verify actual conditions with field measurements prior to ordering panelboards to verify that equipment fits in allocated space in, and comply with, minimum required clearances specified in NFPA 70.
	B. Receive, inspect, handle, and store panelboards according to NECA 407.
	C. Examine panelboards before installation. Reject panelboards that are damaged, rusted, or have been subjected to water saturation.
	D. Examine elements and surfaces to receive panelboards for compliance with installation tolerances and other conditions affecting performance of the Work.
	E. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Coordinate layout and installation of panelboards and components with other construction that penetrates walls or is supported by them, including electrical and other types of equipment, raceways, piping, encumbrances to workspace clearance requirements, and adjacent surfaces. Maintain required workspace clearances and required clearances for equipment access doors and panels.
	B. Comply with NECA 1.
	C. Install panelboards and accessories according to NECA 407.
	D. Equipment Mounting:
	E. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and temporary blocking of moving parts from panelboards.
	F. Comply with mounting and anchoring requirements specified in Section 260548.16 "Seismic Controls for Electrical Systems."
	G. Mount top of trim 90 inches above finished floor unless otherwise indicated.
	H. Mount panelboard cabinet plumb and rigid without distortion of box.
	I. Mount recessed panelboards with fronts uniformly flush with wall finish and mating with back box.
	J. Mount surface-mounted panelboards to steel slotted supports 5/8 inch in depth. Orient steel slotted supports vertically.
	K. Install overcurrent protective devices and controllers not already factory installed.
	L. Make grounding connections and bond neutral for services and separately derived systems to ground. Make connections to grounding electrodes, separate grounds for isolated ground bars, and connections to separate ground bars.
	M. Install filler plates in unused spaces.
	N. Stub four 1-inch empty conduits from panelboard into accessible ceiling space or space designated to be ceiling space in the future. Stub four 1-inch empty conduits into raised floor space or below slab not on grade.
	O. Arrange conductors in gutters into groups and bundle and wrap with wire ties after completing load balancing.
	P. Mount spare fuse cabinet in accessible location.

	3.3 IDENTIFICATION
	A. Identify field-installed conductors, interconnecting wiring, and components; install warning signs complying with requirements in Section 260553 "Identification for Electrical Systems."
	B. Create a directory to indicate installed circuit loads after balancing panelboard loads; incorporate Owner's final room designations. Obtain approval before installing. Handwritten directories are not acceptable. Install directory inside panelboard door.
	C. Panelboard Nameplates: Label each panelboard with a nameplate complying with requirements for identification specified in Section 260553 "Identification for Electrical Systems."
	D. Device Nameplates: Label each branch circuit device in power panelboards with a nameplate complying with requirements for identification specified in Section 260553 "Identification for Electrical Systems."
	E. Install warning signs complying with requirements in Section 260553 "Identification for Electrical Systems" identifying source of remote circuit.

	3.4 FIELD QUALITY CONTROL
	A. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect, test, and adjust components, assemblies, and equipment installations, including connections.
	B. Perform tests and inspections.
	C. Acceptance Testing Preparation:
	D. Tests and Inspections:
	E. Panelboards will be considered defective if they do not pass tests and inspections.
	F. Prepare test and inspection reports, including a certified report that identifies panelboards included and that describes scanning results, with comparisons of the two scans. Include notation of deficiencies detected, remedial action taken, and observations after remedial action.

	3.5 ADJUSTING
	A. Adjust moving parts and operable components to function smoothly, and lubricate as recommended by manufacturer.
	B. Load Balancing: After Substantial Completion, but not more than 60 days after Final Acceptance, measure load balancing and make circuit changes. Prior to making circuit changes to achieve load balancing, inform Architect of effect on phase color coding.

	3.6 PROTECTION
	A. Temporary Heating: Prior to energizing panelboards, apply temporary heat to maintain temperature according to manufacturer's written instructions.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section includes work to accommodate utility company revenue meters, and Owner's electricity meters used to manage the electrical power system.

	1.3 DEFINITIONS
	A. KY or KYZ Pulse: Term used by the metering industry to describe a method of measuring consumption of electricity (kWh) that is based on a relay opening and closing in response to the rotation of the disk in the meter. Electronic meters generate pulses electronically.

	1.4 ACTION SUBMITTALS
	A. Product Data:
	B. Shop Drawings: For electricity-metering equipment.

	1.5 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Submit evidence that meters are compatible with connected monitoring and control devices and systems .
	B. Qualification Data: For testing agency.
	C. Field quality-control reports.
	D. Sample Warranty: For special warranty.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: In addition to items specified in Section 017823 "Operation and Maintenance Data," include the following:

	1.7 FIELD CONDITIONS
	A. Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary electrical service according to requirements indicated:

	1.8 QUALITY ASSURANCE
	A. Testing Agency Qualifications: An NRTL.

	1.9 WARRANTY
	A. Special Warranty: Manufacturer agrees to repair or replace components of metering equipment that fail in materials or workmanship within specified warranty period.

	1.10 COORDINATION
	A. Electrical Service Connections:


	PART 2 -  PRODUCTS
	2.1 SYSTEM DESCRIPTION
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with UL 916.

	2.2 UTILITY METERING INFRASTRUCTURE
	A. Install metering accessories furnished by the utility company, complying with its requirements.
	B. Utility-Furnished Meters: Connect data transmission facility of metering equipment installed by the Utility.
	C. Current-Transformer Cabinets: Comply with requirements of electrical-power utility company.
	D. Meter Sockets:
	E. Modular Meter Center: Factory-coordinated assembly of a main service terminal box with lugs only, wireways, meter socket modules, and feeder circuit breakers arranged in adjacent vertical sections complete with interconnecting buses.
	F. Arc-Flash Warning Labels;

	2.3 ELECTRICITY METERS
	A. System Description: Able to meter designated activity loads, with or without external alarm, control, and communication capabilities, or other optional features.
	B. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	C. General Requirements for Meters:
	D. kWh Meter: Electronic three-phase meters, measuring electricity use.
	E. Current-Transformer Cabinet: Size and configuration as recommended by metering equipment manufacturer for use with indicated connected feeder and sensors.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Comply with equipment installation requirements in NECA 1.
	B. Install meters furnished by utility company. Install raceways and equipment according to utility company's written instructions. Provide empty conduits for metering leads and extend grounding connections as required by utility company.
	C. Install modular meter center according to switchboard installation requirements in NECA 400.
	D. Install arc-flash labels as required by NFPA 70.
	E. Wiring Method:

	3.2 IDENTIFICATION
	A. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."

	3.3 FIELD QUALITY CONTROL
	A. Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections.
	B. Testing Agency: Engage a qualified testing agency to perform tests and inspections.
	C. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	D. Perform tests and inspections.
	E. Tests and Inspections:
	F. Electricity metering will be considered defective if it does not pass tests and inspections.
	G. Prepare test and inspection reports.

	3.4 SOFTWARE SERVICE AGREEMENT
	A. Technical Support: Beginning at Substantial Completion, service agreement shall include software support for two years.
	B. Upgrade Service: At Substantial Completion, update software to latest version. Install and program software upgrades that become available within two years from date of Substantial Completion. Upgrading software shall include operating system and new or revised licenses for using software.

	3.5 DEMONSTRATION
	A. Train Owner's clerical and maintenance personnel to use, adjust, operate, and maintain the electronic metering and billing software.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. Abbreviations of Manufacturers' Names:
	B. BAS: Building automation system.
	C. EMI: Electromagnetic interference.
	D. GFCI: Ground-fault circuit interrupter.
	E. Pigtail: Short lead used to connect a device to a branch-circuit conductor.
	F. RFI: Radio-frequency interference.
	G. SPD: Surge protective device.
	H. UTP: Unshielded twisted pair.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: List of legends and description of materials and process used for premarking wall plates.
	C. Samples: One for each type of device and wall plate specified, in each color specified.

	1.5 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For wiring devices to include in all manufacturers' packing-label warnings and instruction manuals that include labeling conditions.


	PART 2 -  PRODUCTS
	2.1 GENERAL WIRING-DEVICE REQUIREMENTS
	A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with NFPA 70.
	C. Devices that are manufactured for use with modular plug-in connectors may be substituted under the following conditions:
	D. Devices for Owner-Furnished Equipment:
	E. Source Limitations: Obtain each type of wiring device and associated wall plate from single source from single manufacturer.

	2.2 STRAIGHT-BLADE RECEPTACLES
	A. Duplex Convenience Receptacles: 125 V, 20 A; comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, and FS W-C-596.
	B. Tamper-Resistant Convenience Receptacles: 125 V, 20 A; comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, and FS W-C-596.

	2.3 USB CHARGER DEVICES
	A. Tamper-Resistant, USB Charger Receptacles: 12 V dc, 2.0 A, USB Type A; comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, UL 1310, and FS W-C-596.

	2.4 GFCI RECEPTACLES
	A. General Description:
	B. Duplex GFCI Convenience Receptacles:
	C. Tamper-Resistant, Duplex GFCI Convenience Receptacles:

	2.5 TWIST-LOCKING RECEPTACLES
	A. Twist-Lock, Single Convenience Receptacles: 125 V, 20 A; comply with NEMA WD 1, NEMA WD 6 Configuration L5-20R, and UL 498.

	2.6 TOGGLE SWITCHES
	A. Comply with NEMA WD 1, UL 20, and FS W-S-896.
	B. Switches, 120/277 V, 20 A:

	2.7 FLOOR SERVICE FITTINGS
	A. Type: Modular, flush-type, dual-service units suitable for wiring method used.
	B. Compartments: Barrier separates power from voice and data communication cabling.
	C. Service Plate:  Rectangular, die-cast aluminum with satin finish.
	D. Power Receptacle: NEMA WD 6 Configuration 5-20R, gray finish, unless otherwise indicated.
	E. Data Communication Outlet:  Coordinate with Communications Drawings.

	2.8 POKE-THROUGH ASSEMBLIES
	A. Description:

	2.9 FINISHES
	A. Device Color:
	B. Wall Plate Color: For plastic covers, match device color.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Comply with NECA 1, including mounting heights listed in that standard, unless otherwise indicated.
	B. Coordination with Other Trades:
	C. Conductors:
	D. Device Installation:
	E. Receptacle Orientation:
	F. Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and remount outlet boxes when standard device plates do not fit flush or do not cover rough wall opening.
	G. Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension vertical and with grounding terminal of receptacles on top. Group adjacent switches under single, multigang wall plates.
	H. Adjust locations of floor service outlets and service poles to suit arrangement of partitions and furnishings.

	3.2 GFCI RECEPTACLES
	A. Install non-feed-through-type GFCI receptacles where protection of downstream receptacles is not required.

	3.3 IDENTIFICATION
	A. Comply with Section 260553 "Identification for Electrical Systems."
	B. Identify each receptacle with panelboard identification and circuit number. Use hot, stamped, or engraved machine printing with black-filled lettering on face of plate, and durable wire markers or tags inside outlet boxes.

	3.4 FIELD QUALITY CONTROL
	A. Test Instruments: Use instruments that comply with UL 1436.
	B. Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital readout or illuminated digital-display indicators of measurement.
	C. Perform the following tests and inspections:
	D. Tests for Convenience Receptacles:
	E. Test straight-blade for the retention force of the grounding blade according to NFPA 99. Retention force shall be not less than 4 oz.
	F. Wiring device will be considered defective if it does not pass tests and inspections.
	G. Prepare test and inspection reports.
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	PART 1 -  PART 1 - GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes the following types of LED luminaires:
	B. Related Requirements:

	1.3 DEFINITIONS
	A. CCT: Correlated color temperature.
	B. CRI: Color Rendering Index.
	C. Fixture: See "Luminaire."
	D. IP: International Protection or Ingress Protection Rating.
	E. LED: Light-emitting diode.
	F. Lumen: Measured output of lamp and luminaire, or both.
	G. Luminaire: Complete lighting unit, including lamp, reflector, and housing.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: For nonstandard or custom luminaires.
	C. Samples: For each luminaire and for each color and texture with standard factory-applied finish.
	D. Product Schedule: For luminaires and lamps. Use same designations indicated on Drawings.

	1.5 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Reflected ceiling plan(s) and other details, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:
	B. Qualification Data: For testing laboratory providing photometric data for luminaires.
	C. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.
	D. Product Certificates: For each type of luminaire.
	E. Product Test Reports: For each luminaire, for tests performed by manufacturer and witnessed by a qualified testing agency.
	F. Sample warranty.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For luminaires and lighting systems to include in operation and maintenance manuals.

	1.7 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.

	1.8 QUALITY ASSURANCE
	A. Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire manufacturer's laboratory that is accredited under the NVLAP for Energy Efficient Lighting Products.
	B. Luminaire Photometric Data Testing Laboratory Qualifications: Provided by an independent agency, with the experience and capability to conduct the testing indicated, that is an NRTL as defined by OSHA in 29 CFR 1910.7, accredited under the NVLAP for Energy Efficient Lighting Products, and complying with the applicable IES testing standards.
	C. Provide luminaires from a single manufacturer for each luminaire type.
	D. Each luminaire type shall be binned within a three-step MacAdam Ellipse to ensure color consistency among luminaires.
	E. Mockups: For interior luminaires in room or module mockups, complete with power and control connections.

	1.9 DELIVERY, STORAGE, AND HANDLING
	A. Protect finishes of exposed surfaces by applying a strippable, temporary protective covering before shipping.

	1.10 WARRANTY
	A. Warranty: Manufacturer and Installer agree to repair or replace components of luminaires that fail in materials or workmanship within specified warranty period.
	B. Warranty Period:  Five year(s) from date of Substantial Completion.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Seismic Performance: Luminaires shall withstand the effects of earthquake motions determined according to ASCE 7.
	B. Seismic Performance: Luminaires and lamps shall be labeled vibration and shock resistant.

	2.2 LUMINAIRE REQUIREMENTS
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Standards:
	C. CRI of minimum 70. CCT of minimum 3000 K or as scheduled
	D. Rated lamp life of 35,000 hours to L70.
	E. Internal driver.
	F. Nominal Operating Voltage:  277 V ac.
	G. Housings:

	2.3 FIXTURES AND MANUFACTURERS
	A. Provide fixtures as scheduled on Sheet E-602, Electrical Lighting Schedules, Luminaire Schedule.
	B. Alternative fixtures, submitted for review as an equal for consideration, must match each aspect of the fixture,.i.e size, dimension, lamps, finish, materials, photometrics, electrical characteristics, mounting methods, aesthetics, compatibility, durability, etc. Provide a side by side comparison matrix for review and evaluation by the architect and with an associated credit (per fixture) for the owner to evaluate. Acceptance is not guaranteed.
	C. Provide photometric output model plan for each space with alternative fixtures overlaid on project backgrounds.

	2.4 MATERIALS
	A. Metal Parts:
	B. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under operating conditions, and designed to permit relamping without use of tools. Designed to prevent doors, frames, lenses, diffusers, and other components from falling accidentally during relamping and when secured in operating position.
	C. Diffusers and Globes:
	D. Housings:
	E. Factory-Applied Labels: Comply with UL 1598. Include recommended lamps. Locate labels where they will be readily visible to service personnel, but not seen from normal viewing angles when lamps are in place.

	2.5 METAL FINISHES
	A. Variations in finishes are unacceptable in the same piece. Variations in finishes of adjoining components are acceptable if they are within the range of approved Samples and if they can be and are assembled or installed to minimize contrast.

	2.6 LUMINAIRE SUPPORT
	A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for channel and angle iron supports and nonmetallic channel and angle supports.
	B. Single-Stem Hangers: 1/2-inch (13-mm) steel tubing with swivel ball fittings and ceiling canopy. Finish same as luminaire.
	C. Wires: ASTM A 641/A 641 M, Class 3, soft temper, zinc-coated steel, 12 gage (2.68 mm).
	D. Rod Hangers: 3/16-inch (5-mm) minimum diameter, cadmium-plated, threaded steel rod.
	E. Hook Hangers: Integrated assembly matched to luminaire, line voltage, and equipment with threaded attachment, cord, and locking-type plug.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates, areas, and conditions, with Installer present, for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.
	B. Examine roughing-in for luminaire to verify actual locations of luminaire and electrical connections before luminaire installation. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 TEMPORARY LIGHTING
	A. If approved by the Architect, use selected permanent luminaires for temporary lighting. When construction is sufficiently complete, clean luminaires used for temporary lighting and install new lamps.

	3.3 INSTALLATION
	A. Comply with NECA 1.
	B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise indicated.
	C. Install lamps in each luminaire.
	D. Supports:
	E. Flush-Mounted Luminaire Support:
	F. Wall-Mounted Luminaire Support:
	G. Ceiling-Mounted Luminaire Support:
	H. Suspended Luminaire Support:
	I. Ceiling-Grid-Mounted Luminaires:
	J. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables" for wiring connections.

	3.4 IDENTIFICATION
	A. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."

	3.5 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	B. Luminaire will be considered defective if it does not pass operation tests and inspections.
	C. Prepare test and inspection reports.

	3.6 STARTUP SERVICE
	A. Comply with requirements for startup specified in Section 260943.16 "Addressable-Luminaire Lighting Controls."
	B. Comply with requirements for startup specified in Section 260943.23 "Relay-Based Lighting Controls."

	3.7 ADJUSTING
	A. Occupancy Adjustments: When requested within 12 months of date of Substantial Completion, provide on-site assistance in adjusting the direction of aim of luminaires to suit occupied conditions. Make up to two visits to Project during other-than-normal hours for this purpose. Some of this work may be required during hours of darkness.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Requirements:

	1.3 DEFINITIONS
	A. CCT: Correlated color temperature.
	B. CRI: Color rendering index.
	C. Fixture: See "Luminaire."
	D. IP: International Protection or Ingress Protection Rating.
	E. Lumen: Measured output of lamp and luminaire, or both.
	F. Luminaire: Complete lighting unit, including lamp, reflector, and housing.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of luminaire.
	B. Shop Drawings: For nonstandard or custom luminaires.
	C. Samples: For each luminaire and for each color and texture indicated with factory-applied finish.
	D. Product Schedule: For luminaires and lamps. Use same designations indicated on Drawings.
	E. Delegated-Design Submittal: For luminaire supports.

	1.5 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Plans, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:
	B. Qualification Data: For testing laboratory providing photometric data for luminaires.
	C. Seismic Qualification Certificates: For luminaires, accessories, and components, from manufacturer.
	D. Product Certificates: For each type of the following:
	E. Product Test Reports: For each luminaire, for tests performed by manufacturer and witnessed by a qualified testing agency.
	F. Source quality-control reports.
	G. Sample warranty.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For luminaires and photoelectric relays to include in operation and maintenance manuals.

	1.7 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.

	1.8 QUALITY ASSURANCE
	A. Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire manufacturers' laboratory that is accredited under the NVLAP for Energy Efficient Lighting Products.
	B. Provide luminaires from a single manufacturer for each luminaire type.
	C. Each luminaire type shall be binned within a three-step MacAdam Ellipse to ensure color consistency among luminaires.
	D. Installer Qualifications: An authorized representative who is trained and approved by manufacturer.
	E. Mockups: For exterior luminaires, complete with power and control connections.

	1.9 DELIVERY, STORAGE, AND HANDLING
	A. Protect finishes of exposed surfaces by applying a strippable, temporary protective covering prior to shipping.

	1.10 FIELD CONDITIONS
	A. Verify existing and proposed utility structures prior to the start of work associated with luminaire installation.
	B. Mark locations of exterior luminaires for approval by Architect prior to the start of luminaire installation.

	1.11 WARRANTY
	A. Warranty: Manufacturer and Installer agree to repair or replace components of luminaires that fail in materials or workmanship within specified warranty period.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Seismic Performance: Luminaires shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.
	B. Seismic Performance: Luminaires and lamps shall be labeled vibration and shock resistant.

	2.2 LUMINAIRE REQUIREMENTS
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. NRTL Compliance: Luminaires shall be listed and labeled for indicated class and division of hazard by an NRTL.
	C. UL Compliance: Comply with UL 1598 and listed for wet location.
	D. Lamp base complying with ANSI C81.61.
	E. Bulb shape complying with ANSI C79.1.
	F. CRI of minimum 70. CCT of a minimum of 3000 K.
	G. L70 lamp life of 35,000 hours.
	H. Lamps dimmable from 100 percent to 0 percent of maximum light output.
	I. Internal driver.
	J. Nominal Operating Voltage:  277 V ac.
	K. In-line Fusing:  On the primary for each luminaire.
	L. Lamp Rating: Lamp marked for outdoor use and in enclosed locations.
	M. Source Limitations: Obtain luminaires from single source from a single manufacturer.
	N. Source Limitations: For luminaires, obtain each color, grade, finish, type, and variety of luminaire from single source with resources to provide products of consistent quality in appearance and physical properties.

	2.3 LUMINAIRE-MOUNTED PHOTOELECTRIC RELAYS
	A. Comply with UL 773 or UL 773A.
	B. Contact Relays: Factory mounted, single throw, designed to fail in the on position, and factory set to turn light unit on at 1.5 to 3 fc (16 to 32 lx) and off at 4.5 to 10 fc (48 to 108 lx) with 15-second minimum time delay. Relay shall have directional lens in front of photocell to prevent artificial light sources from causing false turnoff.

	2.4 FIXTURES AND MANUFACTURERS
	A. Provide fixtures as scheduled on Sheet E-602, Electrical Lighting Schedules, Luminaire Schedule.
	B. Alternative fixtures, submitted for review as an equal for consideration, must match each aspect of the fixture,.i.e size, dimension, lamps, finish, materials, photometrics, electrical characteristics, mounting methods, aesthetics, compatibility, durability, etc. Provide a side by side comparison matrix for review and evaluation by the architect and with an associated credit (per fixture) for the owner to evaluate. Acceptance is not guaranteed.
	C. Provide photometric output model plan for each space with alternative fixtures overlaid on project backgrounds.

	2.5 MATERIALS
	A. Metal Parts: Free of burrs and sharp corners and edges.
	B. Sheet Metal Components:  Corrosion-resistant aluminum, Stainless steel, Epoxy-coated steel, as indicated in manufacturer’s literature for each fixture. Form and support to prevent warping and sagging.
	C. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under operating conditions, and designed to permit relamping without use of tools. Designed to prevent doors, frames, lenses, diffusers, and other components from falling accidentally during relamping and when secured in operating position. Doors shall be removable for cleaning or replacing lenses.
	D. Diffusers and Globes:
	E. Lens and Refractor Gaskets: Use heat- and aging-resistant resilient gaskets to seal and cushion lenses and refractors in luminaire doors.
	F. Reflecting surfaces shall have minimum reflectance as follows unless otherwise indicated:
	G. Housings:
	H. Factory-Applied Labels: Comply with UL 1598. Include recommended lamps. Labels shall be located where they will be readily visible to service personnel, but not seen from normal viewing angles when lamps are in place.

	2.6 FINISHES
	A. Variations in Finishes: Noticeable variations in same piece are unacceptable. Variations in appearance of adjoining components are acceptable if they are within the range of approved Samples and are assembled or installed to minimize contrast.
	B. Luminaire Finish: Manufacturer's standard paint applied to factory-assembled and -tested luminaire before shipping. Where indicated, match finish process and color of pole or support materials.
	C. Factory-Applied Finish for Aluminum Luminaires: Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal Products" for recommendations for applying and designating finishes.
	D. Factory-Applied Finish for Steel Luminaires: Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal Products" for recommendations for applying and designating finishes.

	2.7 LUMINAIRE SUPPORT COMPONENTS
	A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for channel and angle iron supports and nonmetallic channel and angle supports.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates, areas, and conditions, with Installer present, for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.
	B. Examine roughing-in for luminaire electrical conduit to verify actual locations of conduit connections before luminaire installation.
	C. Examine walls, roofs, and canopy ceilings, and overhang ceilings for suitable conditions where luminaires will be installed.
	D. Examine substrate for in-concrete fixtures. Ensure critical positioning of the fixture in accordance with the design, height, pattern is not compromised.
	E. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 TEMPORARY LIGHTING
	A. If approved by the Architect, use selected permanent luminaires for temporary lighting. When construction is substantially complete, clean luminaires used for temporary lighting and install new lamps.

	3.3 GENERAL INSTALLATION REQUIREMENTS
	A. Comply with NECA 1.
	B. Use fastening methods and materials selected to resist seismic forces defined for the application and approved by manufacturer.
	C. Install lamps in each luminaire.
	D. Fasten luminaire to structural support.
	E. Supports:
	F. Wall-Mounted Luminaire Support:
	G. Wiring Method: Install cables in raceways. Conceal raceways and cables.
	H. Install luminaires level, plumb, and square with finished grade, wall plane, ceiling plane unless otherwise indicated.
	I. Coordinate layout and installation of luminaires with other construction.
	J. Adjust luminaires that require field adjustment or aiming. Include adjustment of photoelectric device to prevent false operation of relay by artificial light sources, favoring a north orientation.
	K. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables" and 260533 "Raceways and Boxes for Electrical Systems" for wiring connections and wiring methods.

	3.4 INSTALLATION OF INDIVIDUAL GROUND-MOUNTED LUMINAIRES
	A. Aim as indicated on Drawings.
	B. Install on or in concrete base or slab with top 4 inches (100 mm) above finished grade or surface or flush with slab elevation (all around) at luminaire location. Cast conduit into base, and finish by troweling and rubbing smooth. Concrete materials, installation, and finishing are specified in Section 033000 "Cast-in-Place Concrete."

	3.5 CORROSION PREVENTION
	A. Aluminum: Do not use in contact with earth or concrete. When in direct contact with a dissimilar metal, protect aluminum by insulating fittings or treatment.
	B. Steel Conduits: Comply with Section 260533 "Raceways and Boxes for Electrical Systems." In concrete foundations, wrap conduit with 0.010-inch- (0.254-mm-) thick, pipe-wrapping plastic tape applied with a 50 percent overlap.

	3.6 IDENTIFICATION
	A. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."

	3.7 FIELD QUALITY CONTROL
	A. Inspect each installed luminaire for damage. Replace damaged luminaires and components.
	B. Perform the following tests and inspections with the assistance of a factory-authorized service representative:
	C. Illumination Tests:
	D. Luminaire will be considered defective if it does not pass tests and inspections.
	E. Prepare a written report of tests, inspections, observations, and verifications indicating and interpreting results. If adjustments are made to lighting system, retest to demonstrate compliance with standards.

	3.8 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain luminaires and photocell relays.

	3.9 ADJUSTING
	A. Occupancy Adjustments: When requested within 12 months of date of Substantial Completion, provide on-site assistance in adjusting the direction of aim of luminaires to suit occupied conditions. Make up to two visits to Project during other-than-normal hours for this purpose. Some of this work may be required during hours of darkness.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENT
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. BCT: Bonding conductor for telecommunications.
	B. EMT: Electrical metallic tubing.
	C. TGB: Telecommunications grounding busbar.
	D. TMGB: Telecommunications main grounding busbar.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: For communications equipment room signal reference grid. Include plans, elevations, sections, details, and attachments to other work.

	1.5 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For grounding to include in emergency, operation, and maintenance manuals.

	1.7 QUALITY ASSURANCE
	A. Installer Qualifications: Cabling Installer must have personnel certified by BICSI on staff.


	PART 2 -  PRODUCTS
	2.1 SYSTEM COMPONENTS
	A. Comply with J-STD-607-A.

	2.2 CONDUCTORS
	A. Comply with UL 486A-486B.
	B. Insulated Conductors: Stranded copper wire, green or green with yellow stripe insulation, insulated for 600 V, and complying with UL 83.
	C. Cable Tray Grounding Jumper:
	D. Bare Copper Conductors:

	2.3 CONNECTORS
	A. Irreversible connectors listed for the purpose. Listed by an NRTL as complying with NFPA 70 for specific types, sizes, and combinations of conductors and other items connected. Comply with UL 486A-486B.
	B. Compression Wire Connectors: Crimp-and-compress connectors that bond to the conductor when the connector is compressed around the conductor. Comply with UL 467.
	C. Signal Reference Grid Connectors: Combination of compression wire connectors, access floor grounding clamps, bronze U-bolt grounding clamps, and copper split-bolt connectors, designed for the purpose.
	D. Busbar Connectors: Cast silicon bronze, solderless compression-type, mechanical connector; with a long barrel and two holes spaced on 5/8- or 1-inch (15.8- or 25.4-mm) centers for a two-bolt connection to the busbar.
	E. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for materials being joined and installation conditions.

	2.4 GROUNDING BUSBARS
	A. TMGB: Predrilled, wall-mounted, rectangular bars of hard-drawn solid copper, 1/4 by 4 inches (6.3 by 100 mm) in cross section, length as indicated on Drawings. The busbar shall be NRTL listed for use as TMGB and shall comply with J-STD-607-A.
	B. TGB: Predrilled rectangular bars of hard-drawn solid copper, 1/4 by 2 inches (6.3 by 50 mm) in cross section, length as indicated on Drawings. The busbar shall be for wall mounting, shall be NRTL listed as complying with UL 467, and shall comply with J-STD-607-A.
	C. Rack and Cabinet Grounding Busbars: Rectangular bars of hard-drawn solid copper, accepting conductors ranging from No. 14 to No. 2/0 AWG, NRTL listed as complying with UL 467, and complying with J-STD-607-A. Predrilling shall be with holes for use with lugs specified in this Section.

	2.5 LABELING
	A. Comply with TIA/EIA-606-A and UL 969 for a system of labeling materials, including label stocks, laminating adhesives, and inks used by label printers.
	B. Adhesive Film Label with Clear Protective Overlay: Machine printed, in black, by thermal transfer or equivalent process. Minimum letter height shall be 3/8 inch (10 mm). Overlay shall provide a weatherproof and UV-resistant seal for label.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine the ac grounding electrode system and equipment grounding for compliance with requirements for maximum ground-resistance level and other conditions affecting performance of grounding and bonding of the electrical system.
	B. Inspect the test results of the ac grounding system measured at the point of BCT connection.
	C. Prepare written report, endorsed by Installer, listing conditions detrimental to performance of the Work.
	D. Proceed with connection of the BCT only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Bonding shall include the ac utility power service entrance, the communications cable entrance, and the grounding electrode system. The bonding of these elements shall form a loop so that each element is connected to at least two others.
	B. Comply with NECA 1.
	C. Comply with J-STD-607-A.

	3.3 APPLICATION
	A. Conductors: Install solid conductor for No. 8 AWG and smaller and stranded conductors for AWG and larger unless otherwise indicated.
	B. Conductor Terminations and Connections:
	C. Conductor Support:
	D. Grounding and Bonding Conductors:

	3.4 GROUNDING BUSBARS
	A. Indicate locations of grounding busbars on Drawings. Install busbars horizontally, on insulated spacers 2 inches (50 mm) minimum from wall, 12 inches (300 mm) above finished floor unless otherwise indicated.
	B. Where indicated on both sides of doorways, route bus up to top of door frame, across top of doorway, and down; connect to horizontal bus.

	3.5 CONNECTIONS
	A. Bond metallic equipment in a telecommunications equipment room to the grounding busbar in that room, using equipment grounding conductors not smaller than No. 6 AWG.
	B. Stacking of conductors under a single bolt is not permitted when connecting to busbars.
	C. Assemble the wire connector to the conductor, complying with manufacturer's written instructions and as follows:
	D. Primary Protector: Bond to the TMGB with insulated bonding conductor.
	E. Interconnections: Interconnect all TGBs with the TMGB with the telecommunications backbone conductor. If more than one TMGB is installed, interconnect TMGBs using the grounding equalizer conductor. The telecommunications backbone conductor and grounding equalizer conductor size shall not be less than 2 kcmils/linear foot (1 sq. mm/linear meter) of conductor length, up to a maximum size of No. 3/0 AWG 168 kcmils (85 sq. mm) unless otherwise indicated.
	F. Telecommunications Enclosures and Equipment Racks: Bond metallic components of enclosures to the telecommunications bonding and grounding system. Install vertically mounted rack grounding busbar unless the enclosure and rack are manufactured with the busbar. Bond the equipment grounding busbar to the TGB No. 2 AWG bonding conductors.
	G. Structural Steel: Where the structural steel of a steel frame building is readily accessible within the room or space, bond each TGB and TMGB to the vertical steel of the building frame.
	H. Electrical Power Panelboards: Where an electrical panelboard for telecommunications equipment is located in the same room or space, bond each TGB to the ground bar of the panelboard.
	I. Shielded Cable: Bond the shield of shielded cable to the TGB in communications rooms and spaces. Comply with TIA/EIA-568-B.1 and TIA/EIA-568-B.2 when grounding screened, balanced, twisted-pair cables.
	J. Rack- and Cabinet-Mounted Equipment: Bond powered equipment chassis to the cabinet or rack grounding bar. Power connection shall comply with NFPA 70; the equipment grounding conductor in the power cord of cord- and plug-connected equipment shall be considered as a supplement to bonding requirements in this Section.
	K. Equipment Room Signal Reference Grid: Provide a low-impedance path between telecommunications cabinets, equipment racks, and the reference grid, using No. 6 AWG bonding conductors.

	3.6 IDENTIFICATION
	A. Labels shall be preprinted or computer-printed type.

	3.7 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Tests and Inspections:
	C. Excessive Ground Resistance: If resistance to ground at the BCT exceeds 5 ohms, notify Architect promptly and include recommendations to reduce ground resistance.
	D. Grounding system will be considered defective if it does not pass tests and inspections.
	E. Prepare test and inspection reports.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Requirements:

	1.3 DEFINITIONS
	A. EMT: Electrical Metallic Tubing.
	B. GRC: Galvanized rigid steel conduit.
	C. IMC: Intermediate metal conduit.

	1.4 ACTION SUBMITTALS
	A. Product Data: For surface pathways, wireways and fittings, floor boxes, hinged-cover enclosures, and cabinets.

	1.5 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Pathway routing plans, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of items involved:
	B. Qualification Data: For professional engineer.


	PART 2 -  PRODUCTS
	2.1 METAL CONDUITS AND FITTINGS
	A. General Requirements for Metal Conduits and Fittings:
	B. GRC: Comply with ANSI C80.1 and UL 6.
	C. IMC: Comply with ANSI C80.6 and UL 1242.
	D. EMT: Comply with ANSI C80.3 and UL 797.
	E. Fittings for Metal Conduit: Comply with NEMA FB 1 and UL 514B.
	F. Joint Compound for IMC or GRC: Approved, as defined in NFPA 70, by authorities having jurisdiction for use in conduit assemblies, and compounded for use to lubricate and protect threaded conduit joints from corrosion and to enhance their conductivity.

	2.2 OPTICAL-FIBER-CABLE PATHWAYS AND FITTINGS
	A. Description: Comply with UL 2024; flexible-type pathway, approved for riser or general-use installation unless otherwise indicated.

	2.3 BOXES, ENCLOSURES, AND CABINETS
	A. General Requirements for Boxes, Enclosures, and Cabinets:
	B. Sheet-Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A.
	C. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, ferrous alloy, Type FD, with gasketed cover.
	D. Box extensions used to accommodate new building finishes shall be of same material as recessed box.
	E. Metal Floor Boxes:
	F. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.
	G. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, cast aluminum with gasketed cover.
	H. Device Box Dimensions:  4 inches by 4 inches by 2-1/8 inches deep (100 mm by 100 mm by 60 mm deep) with a single gang sheet rock collar.


	PART 3 -  EXECUTION
	3.1 PATHWAY APPLICATION
	A. Indoors: Apply pathway products as specified below unless otherwise indicated:
	B. Minimum Pathway Size: 1-inch (27-mm) trade size. Minimum size for optical-fiber cables is 1 inch (27 mm).
	C. Pathway Fittings: Compatible with pathways and suitable for use and location.
	D. Install surface pathways only where indicated on Drawings.
	E. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F (49 deg C).

	3.2 INSTALLATION
	A. Comply with NECA 1, NECA 101, and TIA-569-B for installation requirements except where requirements on Drawings or in this article are stricter. Comply with NECA 102 for aluminum pathways. Comply with NFPA 70 limitations for types of pathways allowed in specific occupancies and number of floors.
	B. Keep pathways at least 6 inches (150 mm) away from parallel runs of flues and steam or hot-water pipes. Install horizontal pathway runs above water and steam piping.
	C. Complete pathway installation before starting conductor installation.
	D. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for hangers and supports.
	E. Arrange stub-ups so curved portions of bends are not visible above finished slab.
	F. Install no more than the equivalent of two 90-degree bends in any pathway run. Support within 12 inches (300 mm) of changes in direction. Utilize long radius ells for all optical-fiber cables.
	G. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated. Install conduits parallel or perpendicular to building lines.
	H. Support conduit within 12 inches (300 mm) of enclosures to which attached.
	I. Stub-ups to Above Recessed Ceilings:
	J. Coat field-cut threads on PVC-coated pathway with a corrosion-preventing conductive compound prior to assembly.
	K. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes or cabinets. Install insulated bushings on conduits terminated with locknuts.
	L. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in the locknut area prior to assembling conduit to enclosure to assure a continuous ground path.
	M. Cut conduit perpendicular to the length. For conduits of 2-inch (53-mm) trade size and larger, use roll cutter or a guide to ensure cut is straight and perpendicular to the length.
	N. Install pull wires in empty pathways. Use polypropylene or monofilament plastic line with not less than 200-lb (90-kg) tensile strength. Leave at least 12 inches (300 mm) of slack at each end of pull wire. Cap underground pathways designated as spare above grade alongside pathways in use.
	O. Pathways for Optical-Fiber and Communications Cable: Install pathways, metal and nonmetallic, rigid and flexible, as follows:
	P. Install pathway sealing fittings at accessible locations according to NFPA 70 and fill them with listed sealing compound. For concealed pathways, install each fitting in a flush steel box with a blank cover plate having a finish similar to that of adjacent plates or surfaces. Install pathway sealing fittings according to NFPA 70.
	Q. Install devices to seal pathway interiors at accessible locations. Locate seals so no fittings or boxes are between the seal and the following changes of environments. Seal the interior of all pathways at the following points:
	R. Comply with manufacturer's written instructions for solvent welding PVC conduit and fittings.
	S. Expansion-Joint Fittings:
	T. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not individually indicated, give priority to ADA requirements. Install boxes with height measured to center of box unless otherwise indicated.
	U. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry block, and install box flush with surface of wall. Prepare block surface to provide a flat surface for a raintight connection between box and cover plate or supported equipment and box.
	V. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same vertical channel.
	W. Fasten junction and pull boxes to or support from building structure. Do not support boxes by conduits.
	X. Set metal floor boxes level and flush with finished floor surface.
	Y. Set nonmetallic floor boxes level. Trim after installation to fit flush with finished floor surface.

	3.3 FIRESTOPPING
	A. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with requirements in Section 078410 "Penetration Firestopping."

	3.4 PROTECTION
	A. Protect coatings, finishes, and cabinets from damage or deterioration.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of cable tray.
	B. Shop Drawings: For each type of cable tray.
	C. Delegated-Design Submittal: For seismic restraints.

	1.4 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Floor plans and sections, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:
	B. Seismic Qualification Certificates: For cable trays, accessories, and components, from manufacturer.
	C. Field quality-control reports.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Seismic Performance: Cable trays and supports shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.

	2.2 GENERAL REQUIREMENTS FOR CABLE TRAYS
	A. Cable Trays and Accessories: Identified as defined in NFPA 70 and marked for intended location, application, and grounding.

	2.3 LADDER CABLE TRAYS
	A. Provide products from one of the following manufacturers:
	B. Description:

	2.4 MATERIALS AND FINISHES
	A. Steel:
	B. Aluminum:
	C. Stainless Steel:

	2.5 CABLE TRAY ACCESSORIES
	A. Fittings: Tees, crosses, risers, elbows, and other fittings as indicated, of same materials and finishes as cable tray.
	B. Barrier Strips: Same materials and finishes as for cable tray.
	C. Cable tray supports and connectors, including bonding jumpers, as recommended by cable tray manufacturer.

	2.6 WARNING SIGNS
	A. Lettering:  1-1/2-inch- (40-mm-) high, black letters on yellow background with legend "Warning! Not To Be Used as Walkway, Ladder, or Support for Ladders or Personnel."
	B. Comply with requirements for fasteners in Section 260553 "Identification for Electrical Systems."

	2.7 SOURCE QUALITY CONTROL
	A. Testing: Test and inspect cable trays according to NEMA FG 1.


	PART 3 -  EXECUTION
	3.1 CABLE TRAY INSTALLATION
	A. Install cable trays according to NEMA FG 1.
	B. Install cable trays as a complete system, including fasteners, hold-down clips, support systems, barrier strips, adjustable horizontal and vertical splice plates, elbows, reducers, tees, crosses, cable dropouts, adapters, covers, and bonding.
	C. Install cable trays so that the tray is accessible for cable installation and all splices are accessible for inspection and adjustment.
	D. Remove burrs and sharp edges from cable trays.
	E. Join aluminum cable tray with splice plates; use four square neck-carriage bolts and locknuts.
	F. Fasten cable tray supports to building structure.
	G. Design fasteners and supports to carry cable tray, the cables, and a concentrated load of 200 lb (90 kg). Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems."
	H. Place supports so that spans do not exceed maximum spans on schedules and provide clearances shown on Drawings. Install intermediate supports when cable weight exceeds the load-carrying capacity of the tray rungs.
	I. Construct supports from channel members, threaded rods, and other appurtenances furnished by cable tray manufacturer. Arrange supports in trapeze or wall-bracket form as required by application.
	J. Support bus assembly to prevent twisting from eccentric loading.
	K. Install center-hung supports for single-rail trays designed for 60 versus 40 percent eccentric loading condition, with a safety factor of 3.
	L. Locate and install supports according to NEMA FG 1. Do not install more than one cable tray splice between supports.
	M. Make changes in direction and elevation using manufacturer's recommended fittings.
	N. Make cable tray connections using manufacturer's recommended fittings.
	O. Seal penetrations through fire and smoke barriers. Comply with requirements in Section 078413 "Penetration Firestopping."
	P. Install capped metal sleeves for future cables through firestop-sealed cable tray penetrations of fire and smoke barriers.
	Q. Install cable trays with enough workspace to permit access for installing cables.
	R. Install barriers to separate cables of different systems, such as power, communications, and data processing; or of different insulation levels, such as 600, 5000, and 15 000 V.
	S. Install permanent covers, if used, after installing cable. Install cover clamps according to NEMA VE 2.
	T. Clamp covers on cable trays installed outdoors with heavy-duty clamps.
	U. Install warning signs in visible locations on or near cable trays after cable tray installation.

	3.2 CABLE TRAY GROUNDING
	A. Ground cable trays according to NFPA 70 unless additional grounding is specified. Comply with requirements in Section 270526 "Grounding and Bonding for Communications Systems."
	B. Cable trays with communications cable shall be bonded together with splice plates listed for grounding purposes or with listed bonding jumpers.
	C. Cable trays with control conductors shall be bonded together with splice plates listed for grounding purposes or with listed bonding jumpers.
	D. When using epoxy- or powder-coat painted cable trays as a grounding conductor, completely remove coating at all splice contact points or ground connector attachment. After completing splice-to-grounding bolt attachment, repair the coated surfaces with coating materials recommended by cable tray manufacturer.
	E. Bond cable trays to power source for cables contained within with bonding conductors sized according to NFPA 70, Article 250.122, "Size of Equipment Grounding Conductors."

	3.3 CABLE INSTALLATION
	A. Install cables only when each cable tray run has been completed and inspected.
	B. Fasten cables on horizontal runs with cable clamps or cable ties according to NEMA VE 2. Tighten clamps only enough to secure the cable, without indenting the cable jacket. Install cable ties with a tool that includes an automatic pressure-limiting device.
	C. Fasten cables on vertical runs to cable trays every 18 inches (450 mm).
	D. Fasten and support cables that pass from one cable tray to another or drop from cable trays to equipment enclosures. Fasten cables to the cable tray at the point of exit and support cables independent of the enclosure. The cable length between cable trays or between cable tray and enclosure shall be no more than 72 inches (1800 mm).
	E. Tie MI cables down every 36 inches (900 mm) where required to provide a 2-hour fire rating and every 72 inches (1800 mm) elsewhere.
	F. In existing construction, remove inactive or dead cables from cable trays.

	3.4 CONNECTIONS
	A. Remove paint from all connection points before making connections. Repair paint after the connections are completed.
	B. Connect pathways to cable trays according to requirements in NEMA VE 2 and NEMA FG 1.

	3.5 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	B. Prepare test and inspection reports.

	3.6 PROTECTION
	A. Protect installed cable trays and cables.
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	1.1 Summary
	A. Provides specifications for a certification tester used for end to end testing, certification, and documentation of all test results to confirm the installed connectivity system complies with industry standards and specific category and performance ratings.
	B. Contractor to notify owner three (3) days prior to testing any cabling.

	1.2 GENERAL PROVISIONS
	A. Attention is directed to the CONTRACT AND GENERAL CONDITIONS and all Sections within DIVISION 01 - GENERAL REQUIREMENTS which are hereby made a part of this Section of the Specifications.

	1.3 DESCRIPTION OF WORK
	A. Work Included:  Provide labor, materials and equipment necessary to complete the work of this Section, including but not limited to the following:
	B. Alternates: Not Applicable.
	C. Items To Be Installed Only: Not Applicable.
	D. Items To Be Furnished Only:  Not Applicable.

	PART 2 -  Products
	2.1 Copper Cable Test device
	A. Manufacturer List:
	B. Product Options: Select analyzer to comprehensively certify each category rated connection and record results verifying compliance with TIA performance specifications to meet the category rating of the system.
	C. Description:
	D. Accessory Products:

	2.2 Optical Fiber cable Test device
	A. Manufacturer List:
	B. Product Options:
	C. Description:
	D. Accessory Products: -


	PART 3 -  Execution
	3.1 Examinations
	A. Check actual site conditions prior to start of any work.  Ensure all preceding trade work associated with the telecommunications system is accurate and complete before proceeding with installation or use of products specified in this section.
	B. Verify telecommunications cabling is installed and supported, terminated, mounted in an appropriate housing or terminated on the applicable component and labeled prior to certification testing and documentation.
	C. Verify certification tester universal interface adapters and manufacturer patch cords that enable permanent link verification are in new condition not indicating any twisting or kinking resulting from incorrect storage of the tester interface adapters.
	D. Optical fiber patch cords shall be inspected to ensure connector surfaces are clean and free of defects that may affect testing results.

	3.2 Copper Cable Testing General Requirements
	A. Process:

	3.3 Category 6 Copper Cable Testing Requirements
	A. General Requirements
	A. In accordance with the field test specifications defined in ANSI/TIA-568-B.1 “Commercial Balanced Twisted-Pair Telecommunications Cabling and Components Standard”.  This document will be referred to as the “TIA Cat 6 Standard.”  Per TIA/EIA‐568‐B.2‐1
	B. Performance Test Parameters
	1. The test parameters for Category 6 cabling are defined in the ANSI/TIA-568-B.1 and are all tested automatically using the Category 6 Autotest with the Fluke DTX-1800 or Fluke DSX-5000 CableAnalyzer.
	C. Test Result Documentation

	1.2 fiber optic Cable Testing Requirements
	A. GENERAL
	B. OPTICAL FIBER CABLE TESTING
	C. ADMINISTRATION

	1.3 ACCEPTANCE OF TEST RESULTS
	A. Unless otherwise specified by the Owner or the Owners representative, each cabling link shall be in compliance with the following test limits:
	B. All installed cabling links and channels shall be field-tested and pass the test requirements and analysis as described in Section 3.4.  Any link or channel that fails these requirements shall be diagnosed and corrected.  Any corrective action that must take place shall be documented and followed with a new test to prove that the corrected link or channel meets performance requirements.  The final and passing result of the tests for all links and channels shall be provided in the test results documentation in accordance with Section 3.4.
	C. Acceptance of the test results shall be given in writing after the project is fully completed and tested in accordance with Contract Documents and to the satisfaction of the Owner.

	1.4 Repair
	A. Any connections failing to meet referenced standards or more stringent performance requirements stated above, must be removed and replaced with connections that prove, in additional testing, to meet or exceed the performance standards set forth.

	1.5 Re-Installation
	1.6 No additional burden to the owner regarding costs, network down-time and/or end user interruption shall result from the re-installation of specified components.  Scheduling for re-installation work shall be coordinated, in writing, with the owner prior to beginning the work.closeout activities
	A. Contractor to submit all test results and any test documentation required prior to acceptance by the Owner.
	B. Record copy and as-built drawings
	C. Provide record copy drawings periodically throughout the project as requested by the Construction Manager or Owner, and at end of the project on CD-ROM or DVD.  Record copy drawings at the end of the project shall be in CAD format and include notations reflecting the as built conditions of any additions to or variation from the drawings provided such as, but not limited to cable paths and termination point.  CAD drawings are to incorporate test data imported from the test instruments.
	D. The as-built drawings shall include, but are not limited to block diagrams, frame and cable labeling, cable termination points, equipment room layouts and frame installation details.  The as-builts shall include all field changes made up to construction completion:

	END OF SECTION 270800
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Requirements:

	1.3 DEFINITIONS
	A. BICSI: Building Industry Consulting Service International.
	B. LAN: Local area network.
	C. RCDD: Registered Communications Distribution Designer.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: For communications equipment room fittings. Include plans, elevations, sections, details, and attachments to other work.

	1.5 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For Installer, qualified layout technician, installation supervisor, and field inspector.
	B. Seismic Qualification Certificates: For equipment frames from manufacturer.

	1.6 QUALITY ASSURANCE
	A. Installer Qualifications: Cabling Installer must have personnel certified by BICSI on staff.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Seismic Performance: Equipment frames shall withstand the effects of earthquake motions determined according to.

	2.2 BACKBOARDS
	A. Backboards: Plywood, fire-retardant treated, 3/4 by 48 by 96 inches (19 by 1220 by 2440 mm). Comply with requirements for plywood backing panels specified in Section 061000 "Rough Carpentry."

	2.3 EQUIPMENT FRAMES
	A. General Frame Requirements:
	B. Manufacturer
	C. Modular Freestanding Cabinets:
	D. Cable Management for Equipment Frames:

	2.4 Uninterruptible Power Supplies
	A. Manufacturer:
	B. Uniterruptible Power Supplies: Comply with UL 1363.

	2.5 Power Distribution Units
	A. Manufacturer:
	B. Power Distribution Units: Comply with UL 1363.

	2.6 GROUNDING
	A. Comply with requirements in Section 270526 "Grounding and Bonding for Communications Systems" for grounding conductors and connectors.
	B. Telecommunications Main Bus Bar:
	C. Comply with ANSI/TIA-607-C.

	2.7 LABELING
	A. Comply with ANSI/TIA-606-B and UL 969 for a system of labeling materials, including label stocks, laminating adhesives, and inks used by label printers.


	PART 3 -  EXECUTION
	3.1 ENTRANCE FACILITIES
	A. Contact telecommunications service provider and arrange for installation of demarcation point, protected entrance terminals, and a housing when so directed by service provider.

	3.2 INSTALLATION
	A. Comply with NECA 1.
	B. Comply with BICSI TDMM for layout and installation of communications equipment rooms.
	C. Bundle, lace, and train conductors and cables to terminal points without exceeding manufacturer's limitations on bending radii. Install lacing bars and distribution spools.
	D. Coordinate layout and installation of communications equipment with Owner's telecommunications and LAN equipment and service suppliers. Coordinate service entrance arrangement with local exchange carrier.
	E. Coordinate location of power raceways and receptacles with locations of communications equipment requiring electrical power to operate.

	3.3 SLEEVE AND SLEEVE SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS
	A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply with requirements in Section 270544 "Sleeves and Sleeve Seals for Communications Pathways and Cabling."

	3.4 FIRESTOPPING
	A. Comply with requirements in Section 078413 "Penetration Firestopping."
	B. Comply with ANSI/TIA-569-C, Annex A, "Firestopping."
	C. Comply with BICSI TDMM, "Firestopping Systems" Article.

	3.5 GROUNDING
	A. Install grounding according to BICSI TDMM, "Grounding, Bonding, and Electrical Protection" Chapter.
	B. Comply with ANSI/TIA-607-C.
	C. Locate grounding bus bar to minimize the length of bonding conductors. Fasten to wall allowing at least 2-inch (50-mm) clearance behind the grounding bus bar. Connect grounding bus bar with a minimum No. 4 AWG grounding electrode conductor from grounding bus bar to suitable electrical building ground.
	D. Bond metallic equipment to the grounding bus bar, using not smaller than No. 6 AWG equipment grounding conductor.

	3.6 IDENTIFICATION
	A. Identify system components, wiring, and cabling complying with TIA/EIA-606-A. Comply with requirements in Section 260553 "Identification for Electrical Systems."
	B. Comply with requirements in Section 099000 "Interior Painting" for painting backboards. For fire-resistant plywood, do not paint over manufacturer's label.
	C. Labels shall be preprinted or computer-printed type.
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	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Division 100 General Provisions of the Delaware Department of Transportation “Standard Specifications”, dated August 2001 and the Delaware Department of Transportation “Standard Construction Details” dated 2001, including all revisions up to the date of advertisement, apply to this section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Requirements:

	1.3 DEFINITIONS
	A. BICSI: Building Industry Consulting Service International.
	B. Consolidation Point: A location for interconnection between horizontal cables extending from building pathways and horizontal cables extending into furniture pathways.
	C. Cross-Connect: A facility enabling the termination of cable elements and their interconnection or cross-connection.
	D. EMI: Electromagnetic interference.
	E. IDC: Insulation displacement connector.
	F. LAN: Local area network.
	G. Outlet/Connectors: A connecting device in the work area on which horizontal cable or outlet cable terminates.
	H. RCDD: Registered Communications Distribution Designer.
	I. UTP: Unshielded twisted pair.

	1.4 ADMINISTRATIVE REQUIREMENTS
	A. Coordinate layout and installation of telecommunications cabling with Owner's telecommunications and LAN equipment and service suppliers.
	B. Coordinate telecommunications outlet/connector locations with location of power receptacles at each work area.

	1.5 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings:

	1.6 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For Installer, qualified layout technician, installation supervisor, and field inspector.
	B. Source quality-control reports.
	C. Field quality-control reports.

	1.7 CLOSEOUT SUBMITTALS
	A. Maintenance Data: For splices and connectors to include in maintenance manuals.

	1.8 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.

	1.9 QUALITY ASSURANCE
	A. Installer Qualifications: Cabling Installer must have personnel certified by BICSI on staff.
	B. Testing Agency Qualifications: An NRTL.

	1.10 DELIVERY, STORAGE, AND HANDLING
	A. Test cables upon receipt at Project site.


	PART 2 -  PRODUCTS
	2.1 HORIZONTAL CABLING DESCRIPTION
	A. Horizontal cable and its connecting hardware provide the means of transporting signals between the telecommunications outlet/connector and the horizontal cross-connect located in the communications equipment room. This cabling and its connecting hardware are called a "permanent link," a term that is used in the testing protocols.
	B. A work area is approximately 100 sq. ft. (9.3 sq. m), and includes the components that extend from the telecommunications outlet/connectors to the station equipment.
	C. The maximum allowable horizontal cable length is 295 feet (90 m). This maximum allowable length does not include an allowance for the length of 16 feet (4.9 m) to the workstation equipment or in the horizontal cross-connect.

	2.2 PERFORMANCE REQUIREMENTS
	A. General Performance: Horizontal cabling system shall comply with transmission standards in TIA/EIA-568-B.1 when tested according to test procedures of this standard.
	B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	C. Grounding: Comply with J-STD-607-A.

	2.3 UTP CABLE
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Description: 100-ohm, four-pair UTP

	2.4 UTP CABLE HARDWARE
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. General Requirements for Cable Connecting Hardware: Comply with TIA/EIA-568-B.2, IDC type, with modules designed for punch-down caps or tools. Cables shall be terminated with connecting hardware of same category or higher.
	C. Connecting Blocks:  110-style IDC for Category 6. Provide blocks for the number of cables terminated on the block, plus 25 percent spare. Integral with connector bodies, including plugs and jacks where indicated.
	D. Cross-Connect: Modular array of connecting blocks arranged to terminate building cables and permit interconnection between cables.
	E. Patch Panel: Modular panels housing multiple-numbered jack units with IDC-type connectors at each jack for permanent termination of pair groups of installed cables.
	F. Jacks and Jack Assemblies: Modular, color-coded, eight-position modular receptacle units with integral IDC-type terminals.
	G. Patch Cords: Factory-made, four-pair cables in 36-inch (900 mm) lengths; terminated with eight-position modular plug at each end.  Patch cords may not exceed one foot of extra slack cable.

	2.5 OPTICAL FIBER CABLE
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Description: Multimode, 50/125-micrometer, multimode, OM4, tight buffer, optical fiber cable.
	C. Jacket:

	2.6 OPTICAL FIBER CABLE HARDWARE
	A. Cross-Connects and Patch Panels: Modular panels housing multiple-numbered, duplex cable connectors.
	B. Patch Cords: Factory-made, dual-fiber cables in 36-inch (900-mm) lengths or as required for application.
	C. Cable Connecting Hardware:

	2.7 TELECOMMUNICATIONS OUTLET/CONNECTORS
	A. Jacks: 100-ohm, balanced, twisted-pair connector; four-pair, eight-position modular. Comply with TIA/EIA-568-B.1.
	B. Workstation Outlets:  One, Two, Three or Four-port-connector assemblies mounted in single faceplate.

	2.8 GROUNDING
	A. Comply with requirements in Section 270526 "Grounding and Bonding for Communications Systems" for grounding conductors and connectors.
	B. Comply with J-STD-607-A.

	2.9 IDENTIFICATION PRODUCTS
	A. Comply with TIA/EIA-606-A and UL 969 for labeling materials, including label stocks, laminating adhesives, and inks used by label printers.
	B. Comply with requirements in Section 260553 "Identification for Electrical Systems."

	2.10 SOURCE QUALITY CONTROL
	A. Testing Agency:  Engage a qualified testing agency to evaluate cables.
	B. Factory test UTP and optical fiber cables on reels according to TIA/EIA-568-B.1.
	C. Factory test UTP cables according to TIA/EIA-568-B.2.
	D. Factory test multimode optical fiber cables according to TIA-526-14-A and TIA/EIA-568-B.3.
	E. Factory-sweep test coaxial cables at frequencies from 5 MHz to 1 GHz. Sweep test shall test the frequency response, or attenuation over frequency, of a cable by generating a voltage whose frequency is varied through the specified frequency range and graphing the results.
	F. Cable will be considered defective if it does not pass tests and inspections.
	G. Prepare test and inspection reports.


	PART 3 -  EXECUTION
	3.1 ENTRANCE FACILITIES
	A. Coordinate backbone cabling with the protectors and demarcation point provided by communications service provider.

	3.2 WIRING METHODS
	A. Install cables in pathways and cable trays. Conceal pathways and cables except in unfinished spaces.
	B. Conceal conductors and cables in accessible ceilings, walls, and floors where possible.
	C. Wiring within Enclosures:

	3.3 INSTALLATION OF CABLES
	A. Comply with NECA 1.
	B. General Requirements for Cabling:
	C. UTP Cable Installation:
	D. Optical Fiber Cable Installation:
	E. Open-Cable Installation:
	F. Installation of Cable Routed Exposed under Raised Floors:
	G. Outdoor Coaxial Cable Installation:
	H. Group connecting hardware for cables into separate logical fields.
	I. Separation from EMI Sources:

	3.4 FIRESTOPPING
	A. Comply with requirements in Section 078413 "Penetration Firestopping."
	B. Comply with TIA-569-B, Annex A, "Firestopping."
	C. Comply with BICSI TDMM, "Firestopping Systems" Article.

	3.5 GROUNDING
	A. Install grounding according to BICSI TDMM, "Grounding, Bonding, and Electrical Protection" Chapter.
	B. Comply with J-STD-607-A.
	C. Locate grounding bus bar to minimize the length of bonding conductors. Fasten to wall allowing at least 2-inch (50-mm) clearance behind the grounding bus bar. Connect grounding bus bar with a minimum No. 4 AWG grounding electrode conductor from grounding bus bar to suitable electrical building ground.
	D. Bond metallic equipment to the grounding bus bar, using not smaller than No. 6 AWG equipment grounding conductor.

	3.6 IDENTIFICATION
	A. Identify system components, wiring, and cabling complying with TIA/EIA-606-A. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."
	B. Using cable management system software specified in Part 2, develop Cabling Administration Drawings for system identification, testing, and management. Use unique, alphanumeric designation for each cable and label cable, jacks, connectors, and terminals to which it connects with same designation. At completion, cable and asset management software shall reflect as-built conditions.
	C. Comply with requirements in Section 099123 "Interior Painting" for painting backboards. For fire-resistant plywood, do not paint over manufacturer's label.
	D. Paint and label colors for equipment identification shall comply with TIA/EIA-606-A for Class 2 level of administration.
	E. Cable Schedule: Post in prominent location in each equipment room and wiring closet. List incoming and outgoing cables and their designations, origins, and destinations. Protect with rigid frame and clear plastic cover. Furnish an electronic copy of final comprehensive schedules for Project.
	F. Cabling Administration Drawings: Show building floor plans with cabling administration-point labeling. Identify labeling convention and show labels for telecommunications closets, entrance pathways and cables, terminal hardware and positions, horizontal cables, work areas and workstation terminal positions, grounding buses and pathways, and equipment grounding conductors. Follow convention of TIA/EIA-606-A. Furnish electronic record of all drawings, in software and format selected by Owner.
	G. Cable and Wire Identification:
	H. Labels shall be preprinted or computer-printed type with printing area and font color that contrasts with cable jacket color but still complies with requirements in TIA/EIA-606-A.

	3.7 FIELD QUALITY CONTROL
	A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections.
	B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	C. Perform the following tests and inspections:
	D. UTP Performance tests
	E. Document data for each measurement. Data for submittals shall be printed in a summary report that is formatted similar to Table 10.1 in BICSI TDMM, or transferred from the instrument to the computer, saved as text files, and printed and submitted.
	F. End-to-end cabling will be considered defective if it does not pass tests and inspections.
	G. Prepare test and inspection reports.
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	1. The Station Control Units for the Audio/Visual PA System at each station shall be an  ADVANTECH, PPC-3100
	SCU Specifications:
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	PART 1 -  GENERAL
	1.1 description
	A. Section Includes: The work specified in this Section consists of materials for furnishing, installing connecting, energizing, testing, cleaning, and protecting an emergency call box system. SEPTA shall provide final configuration with the Head End control system and programing.
	B. System Overview:

	1.2 SUBMITTALS
	A. Testing Agency/Quality Verification:  Provide with all product data evidence of testing agency/quality verification, listing, and labeling either by printed mark on the data or by a separate listing card.  Provide from product manufacturers a written statement indicating why an item does not have a quality assurance verification.  Such statements are subject to the approval of SEPTA.
	B. Product Data and Catalog Cuts:  Submit product data for all products provided.  Indicate clearly the usage of each product.
	C. Shop Drawings:  Submit shop drawings with riser diagrams for system wiring and individual component/equipment wiring indicating factory installed wiring and field installed wiring.
	D. Submit Operation and Maintenance (O & M) Manuals which shall include detailed parts lists, lists of recommended spare parts, circuit diagrams, maintenance procedures, and operating instructions.
	E. Submit manufacturer’s installation instructions.

	1.3 QUALITY ASSURANCE
	A. Provide products that are listed and labeled by Underwriters Laboratory, approved by Factory Mutual, or certified as meeting the standards of UL by the Electrical Testing Laboratory unless products meeting the requirements of these testing laboratories are not readily available or unless standards do not exist for the products.  Provide products that are listed and labeled or approved as stated above for the location installed in and listed and labeled or approved as indicated and specified for the applications the items are intended for.
	B. Manufacturer Qualifications:  Firm specializing in manufacturing products of this Section with sufficient previous experience to successfully manufacture the products indicated.
	C. Conform all work to NFPA 70, National Electrical Code.
	D. Contractor Qualifications:  Firm specializing in installing work of this Section with sufficient previous experience to conduct satisfactorily the installation indicated.
	E. Install work under supervision of skilled licensed electricians.
	F. Replacement:  Replace without cost to SEPTA all wiring to the equipment which fails within 90 days after acceptance.
	G. The Contractor shall certify that the all the wires installed are per code and free of defect as of certain date, and submit the acceptance test report to the SEPTA.

	1.4 References
	A. American National Standards Institute (ANSI)/Telecommunications Industry Association (TIA)/Electronics Industry Alliance (EIA):
	B. National Fire Protection Association (NFPA):

	1.5 INSTALLATION OF THE EMERGENCY CALL BOX (ECB) SYSTEM
	A. The Contractor shall coordinate the work for the Emergency Call Boxes (ECB) with the SEPTA.


	PART 2 -  PRODUCTS
	2.1           material
	A. Conduit shall be in accordance with Section 270528.
	B. Emergency Call Box System cables to be installed to each device, accessory, phone, etc.  The final cable sizes shall be determined by the Manufacturer based on the allowable voltage drop.  Cables shall be as follows:
	C. The following Emergency Call Boxes (ECB) shall be provided at the following descriptive locations:
	D. Provide wiring and rigid galvanized steel conduit to each of the above device types, where indicated on the Drawings.
	E. Furnish and install all necessary wiring, components and accessories for a complete and fully operational Emergency Call Box System (ECB).


	PART 3 -  EXECUTION
	3.1          PREPARATION
	A. Ensure that painted surfaces that will be covered by items of this Section have a prime and finish coat of paint.
	B. Ensure that all indoor areas are enclosed from the weather.

	3.2           INSTALLATION
	A. Cable Installation in Conduits and Ducts:  During the installation of cables in conduits and ducts, the cable manufacturer’s recommended pulling tension shall not be exceeded.  A suitable lubricating medium, harmless to the cable jacket, shall be used when pulling cables into conduits, pipes or duct banks. No oil or grease substances not specifically manufactured for cable installation will be permitted for such use on this project.
	B. Cable Attachment and Support: Lengths of cables which are not installed in conduits and are run inside equipment rooms shall be secured to cable trays or cable ladders using nylon cable ties and attached to walls and backboards using nylon cable clamps or hangers or using a plastic wiring system such as manufactured by Panduit, or Approved Equal. Cables shall be attached or otherwise supported at intervals not to exceed eighteen inches (18").
	C. Strain Relief: Provide sufficient strain relief (slack) in all cables, cable conductors, and wiring to avoid stress on all cables, wires, and wiring connections.
	D. Bends: Cables shall not be bent to a radius less than ten (10) times the diameter of the cable, or less than the manufacturer's recommended minimum bending radius, during installation or as finally installed.
	E. Continuous Cable Sections: All cable runs shall be continuous without splices between cable terminating locations, except as specified or directed by the SEPTA.
	F. Conduit/Cable Entrances to Facilities: All conduit and cable entrance openings into equipment rooms shall be sealed with a pliable sealing compound after the cable is in place. Sealing compounds for rooms, huts, walls, or other partitions shall be fire retardant per ASTM E 814.  Sealing compound shall be used to seal the area around the cable where the cable emerges from the end of a conduit, pipe, or ductbank.  All spare conduits shall be sealed or plugged in an approved manner.
	G. Conduit Bushings: At all transition points where a cable runs from inside a conduit into a cable trough; or onto a cable tray or plywood backboard, the end of the conduit shall be fitted with a plastic bushing to prevent abrasive damage to the cable.
	H. Cable Dress: Cable installed in trays or troughs shall be laid therein and not pulled in place. Cables installed in trays and troughs shall have a minimum amount of crossover and shall not be pulled tightly around bends.
	I. Protection of Cables: Provide appropriate special protection for cables in areas where the cables are unavoidably exposed to hazardous conditions, such as sharp corners on equipment. Cables damaged due to neglect by the Contractor, during installation, shall be replaced by the Contractor, at no additional cost to SEPTA.
	J. Cable Continuity and Integrity: All cables shall be continuous and without splices between the specified termination locations. The cable termination points shall be located within communication interface cabinets, equipment enclosures, splice cases, and equipment termination boxes as shown on the Drawings.
	K. Cable and Wiring Identification:  Electrical identification shall be in conformance with Section 16075 and as required by SEPTA for the Emergency Call Boxes (ECB).
	L. Conduits shall be restricted to no more than two 90-degree bends or equivalent without a pull box.
	M. Maintain minimum bending radius of changes in direction as follows:
	N. Avoid bends in conduits from pull boxes.
	O. Keep conduit and cable tray minimum 6 inches (150 mm) away from parallel runs of flues, steam, and hot water pipes.
	P. ECB cabling and pathways shall be installed in accordance with the following criteria to avoid potential electromagnetic interference between power and telecommunications equipment.
	Q. Install ECB cabling and pathway system as detailed in ANSl/TIA/EIA-568-B.1, -568-B.2, -568-B.3, and -569-A.  Do not exceed manufacturers' cable pull tensions for copper cables.  Utilize a running line tensiometer with continuous data display and recording capabilities to monitor cable pull tensions.  Do not exceed 25 pounds (110 N) pull tension for four pair copper cables.  Do not chafe or damage outer jacket materials.  Use only lubricants approved by cable manufacturer.  Do not over cinch cables, or crush cables with staples.  For UTP cable, bend radii shall not be less than four times the cable diameter.
	R. Provide outlet box and jack(s) at each ECB outlet.  Depth of outlet boxes shall be sufficient to allow cable manufacturer's recommended conductor bend radii.
	S. Grounding:  Bond racks, conduits, raceways cable trays, etc. in accordance with NFPA 70 and Section 16060.  Grounding conductors shall be compatible with raceways.  Protect all grounding and bonding conductors from physical damage.
	T. Equipment Installation:  Install ECB System equipment in accordance with Manufacturer’s written instructions.
	U. Emergency Call Boxes for Elevators:

	3.3           CLEANING
	A. After wiring, vacuum out interior and wipe clean of all foreign material.
	B. After painting in areas, remove all over paint, drips and splashes.

	3.4           PROTECTION
	A. During painting, mask all nameplates, all plastic parts, and all items not to be painted.
	B. Protect all items during work of other trades including welding and cutting.



	280513 fl - conductors and cables for electronic safety and security - edited aas_0
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. EMI: Electromagnetic interference.
	B. IDC: Insulation displacement connector.
	C. Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less than 50 V or for remote-control and signaling power-limited circuits.
	D. Open Cabling: Passing telecommunications cabling through open space (e.g., between the studs of a wall cavity).
	E. RCDD: Registered Communications Distribution Designer.

	1.4 ADMINISTRATIVE REQUIREMENTS
	A. Coordinate layout and installation of electronic safety and security cabling with Owner's telecommunications and LAN equipment and service suppliers.
	B. Coordinate telecommunications outlet/connector locations with location of power receptacles at each work area.

	1.5 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings:

	1.6 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For qualified layout technician, installation supervisor, and field inspector.
	B. Source quality-control reports.
	C. Field quality-control reports.

	1.7 QUALITY ASSURANCE
	A. Testing Agency Qualifications: An NRTL.

	1.8 DELIVERY, STORAGE, AND HANDLING
	A. Test cables upon receipt at Project site.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Surface-Burning Characteristics: Comply with ASTM E 84; testing by a qualified testing agency. Identify products with appropriate markings of applicable testing agency.
	B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	2.2 BACKBOARDS
	A. Backboards: Plywood, fire-retardant treated,  3/4 by 48 by 96 inches. Comply with requirements for plywood backing panels in Section 061000 "Rough Carpentry."

	2.3 UTP CABLE
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Description: 100-ohm, four-pair UTP, covered with a blue thermoplastic jacket.

	2.4 UTP CABLE HARDWARE
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. UTP Cable Connecting Hardware: IDC type, using modules designed for punch-down caps or tools. Cables shall be terminated with connecting hardware of the same category or higher.
	C. Connecting Blocks:  110-style or 66-style for Category 5e. Provide blocks for the number of cables terminated on the block, plus 25 percent spare. Integral with connector bodies, including plugs and jacks where indicated.

	2.5 OPTICAL-FIBER CABLE
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Description: Multimode, 50/125 or 62.5/125-micrometer, 24-fiber, tight buffer, optical-fiber cable.
	C. Jacket:

	2.6 OPTICAL-FIBER CABLE HARDWARE
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Cross-Connects and Patch Panels: Modular panels housing multiple-numbered, duplex cable connectors.
	C. Patch Cords: Factory-made, dual-fiber cables in 36-inch lengths.
	D. Cable Connecting Hardware: Comply with the Fiber Optic Connector Intermateability Standard (FOCIS) specifications of TIA-604-2-B, TIA-604-3-B, and TIA-604-12. Comply with TIA-568-C.3.

	2.7 RS-232 CABLE
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Standard Cable: NFPA 70, Type CM.
	C. Plenum-Rated Cable: NFPA 70, Type CMP.

	2.8 RS-485 CABLE
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Standard Cable: NFPA 70, Type CM.
	C. Plenum-Rated Cable: NFPA 70, Type CMP.

	2.9 CONTROL-VOLTAGE CABLE
	A. Paired Cable: NFPA 70, Type CMG.
	B. Plenum-Rated, Paired Cable: NFPA 70, Type CMP.

	2.10 CONTROL-CIRCUIT CONDUCTORS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Class 1 Control Circuits: Stranded copper, Type THHN-THWN, complying with UL 83, in pathway.
	C. Class 2 Control Circuits: Stranded copper, Type THHN-THWN, complying with UL 83, in pathway.
	D. Class 3 Remote-Control and Signal Circuits:  Stranded copper, Type TW or TF in pathway, complying with UL 83.

	2.11 FIRE ALARM WIRE AND CABLE
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. General Wire and Cable Requirements: NRTL listed and labeled as complying with NFPA 70, Article 760.
	C. Signaling Line Circuits: Twisted, shielded pair, size as recommended by system manufacturer.
	D. Non-Power-Limited Circuits: Solid-copper conductors with 600-V rated, 75 deg C, color-coded insulation, and complying with requirements in UL 2196 for a two-hour rating.

	2.12 CONSOLIDATION POINTS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Description: Consolidation points shall comply with requirements for cable connecting hardware.

	2.13 IDENTIFICATION PRODUCTS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Comply with TIA-606-B and UL 969 for a system of labeling materials, including label stocks, laminating adhesives, and inks used by label printers.
	C. Comply with requirements in Section 260553 "Identification for Electrical Systems."

	2.14 CABLE MANAGEMENT SYSTEM
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Description: Computer-based cable management system, with integrated database capabilities.
	C. Document physical characteristics by recording the network, TIA details, and connections between equipment and cable.
	D. Information shall be presented in database view, schematic plans, or technical drawings.
	E. System shall interface with the following testing and recording devices:

	2.15 SOURCE QUALITY CONTROL
	A. Factory test UTP and optical-fiber cables on reels according to TIA-568-C.1.
	B. Factory test UTP cables according to TIA-568-C.2.
	C. Factory test multimode optical fiber cables according to TIA-526.14-B and TIA-568-C.3.
	D. Cable will be considered defective if it does not pass tests and inspections.
	E. Prepare test and inspection reports.


	PART 3 -  EXECUTION
	3.1 INSTALLATION OF HANGERS AND SUPPORTS
	A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for installation of supports for cables.

	3.2 WIRING METHOD
	A. Install wiring in metal pathways and wireways.
	B. Install cable, concealed in accessible ceilings, walls, and floors when possible.
	C. Wiring on Racks and within Enclosures:

	3.3 INSTALLATION OF CONDUCTORS AND CABLES
	A. Comply with NECA 1 and NFPA 70.
	B. Conductors: Size according to system manufacturer's written instructions unless otherwise indicated.
	C. Do not install conductors and cables that are wet, moisture damaged, or mold damaged.
	D. Install UTP, optical-fiber, and coaxial cables and connecting materials after spaces are complete and dry, and HVAC system is operating and maintaining ambient temperature and humidity conditions at occupancy levels during the remainder of the construction period.
	E. General Requirements for Cabling:
	F. UTP Cable Installation: Install using techniques, practices, and methods that are consistent with Category 5e rating of components and that ensure Category 5e performance of completed and linked signal paths, end to end.
	G. Optical-Fiber Cable Installation:
	H. Open-Cable Installation:
	I. Installation of Cable Routed Exposed under Raised Floors:
	J. Separation from EMI Sources:

	3.4 FIRE ALARM WIRING INSTALLATION
	A. Comply with NECA 1 and NFPA 72.
	B. Wiring Method: Install wiring in metal pathway according to Section 280528 "Pathways for Electronic Safety and Security."
	C. Wiring Method:
	D. Wiring within Enclosures: Separate power-limited and non-power-limited conductors as recommended by manufacturer. Install conductors parallel with or at right angles to sides and back of the enclosure. Bundle, lace, and train conductors to terminal points with no excess. Connect conductors that are terminated, spliced, or interrupted in any enclosure associated with the fire alarm system to terminal blocks. Mark each terminal according to the system's wiring diagrams. Make all connections with approved crimp-on terminal spade lugs, pressure-type terminal blocks, or plug connectors.
	E. Cable Taps: Use numbered terminal strips in junction, pull, and outlet boxes, cabinets, or equipment enclosures where circuit connections are made.
	F. Color Coding: Color code fire alarm conductors differently from the normal building power wiring. Use one color code for alarm circuit wiring and another for supervisory circuits. Color code audible alarm-indicating circuits differently from alarm-initiating circuits. Use different colors for visible alarm-indicating devices. Paint fire alarm system junction boxes and covers red.
	G. Risers: Install at least two vertical cable risers to serve the fire alarm system. Separate risers in close proximity to each other with a minimum one-hour-rated wall, so the loss of one riser does not prevent the receipt or transmission of signals from other floors or zones.

	3.5 POWER AND CONTROL-CIRCUIT CONDUCTORS
	A. 120-V Power Wiring: Install according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables" unless otherwise indicated.
	B. Minimum Conductor Sizes:

	3.6 CONNECTIONS
	A. Comply with requirements in Section 283111 "Digital, Addressable Fire-Alarm System" for connecting, terminating, and identifying wires and cables.

	3.7 FIRESTOPPING
	A. Comply with requirements in Section 078413 "Penetration Firestopping."
	B. Comply with TIA-569-C, "Firestopping" Annex A.
	C. Comply with BICSI TDMM, "Firestopping Systems" Article.

	3.8 GROUNDING
	A. For communication wiring, comply with J-STD-607-A and with BICSI TDMM's "Grounding, Bonding, and Electrical Protection" chapter.
	B. For low-voltage wiring and cabling, comply with requirements in Section 280526 "Grounding and Bonding for Electronic Safety and Security."

	3.9 IDENTIFICATION
	A. Identify system components, wiring, and cabling complying with TIA-606-B. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."

	3.10 FIELD QUALITY CONTROL
	A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections.
	B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	C. Perform the following tests and inspections with the assistance of a factory-authorized service representative:
	D. End-to-end cabling will be considered defective if it does not pass tests and inspections.
	E. Prepare test and inspection reports.



	280526 fl - grounding and bonding for electronic safety and security - edited aas_0
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. Signal Ground: The ground reference point designated by manufacturer of the system that is considered to have zero voltage.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.


	PART 2 -  PRODUCTS
	2.1 CONDUCTORS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Comply with UL 486A-486B.
	C. Insulated Conductors: Stranded copper wire, green or green with yellow stripe insulation, insulated for 600 V, and complying with UL 83.
	D. Bare Copper Conductors:

	2.2 CONNECTORS
	A. Irreversible connectors listed for the purpose. Listed by an NRTL as complying with NFPA 70 for specific types, sizes, and combinations of conductors and other items connected. Comply with UL 486A-486B.
	B. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	C. Compression Wire Connectors: Crimp-and-compress connectors that bond to the conductor when the connector is compressed around the conductor. Comply with UL 467.
	D. Busbar Connectors: Cast silicon bronze, solderless compression or exothermic-type mechanical connector; with a long barrel and two holes spaced on 5/8- or 1-inch centers for a two-bolt connection to the busbar.
	E. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for materials being joined and installation conditions.

	2.3 GROUNDING BUSBARS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Grounding Busbars: Predrilled rectangular bars of hard-drawn solid copper, 1/4 by 2 inches in cross section, length as indicated on Drawings. The busbar shall be for wall mounting, shall be NRTL listed as complying with UL 467, and shall comply with J-STD-607-A.
	C. Rack and Cabinet Grounding Busbars: Rectangular bars of hard-drawn solid copper, accepting conductors ranging from No. 14 to No. 2/0 AWG, NRTL listed as complying with UL 467, and complying with J-STD-607-A. Predrilling shall be with holes for use with lugs specified in this Section.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Comply with IEEE 1100, "Recommended Practice for Power and Grounding Electronic Equipment."
	B. Signal Ground:
	C. Comply with NECA 1.

	3.2 APPLICATION
	A. Conductors: Install solid conductor for No. 8 AWG and smaller and stranded conductors for No. 6 AWG and larger unless otherwise indicated.
	B. Grounding and Bonding Conductors:

	3.3 CONNECTIONS
	A. Stacking of conductors under a single bolt is not permitted when connecting to busbars.
	B. Assemble the wire connector to the conductor, complying with manufacturer's written instructions and as follows:
	C. Shielded Cable: Bond the shield of shielded cable to the signal ground. Comply with TIA/EIA-568-B.1 and TIA/EIA-568-B.2 when grounding screened, balanced, twisted-pair cables.
	D. Rack- and Cabinet-Mounted Equipment: Bond powered equipment chassis to the cabinet or rack grounding bar. Power connection shall comply with NFPA 70; the equipment grounding conductor in the power cord of cord- and plug-connected equipment shall be considered as a supplement to bonding requirements in this Section.

	3.4 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Tests and Inspections:
	C. Grounding system will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Requirements:

	1.3 DEFINITIONS
	A. ARC: Aluminum rigid conduit.
	B. GRC: Galvanized rigid steel conduit.
	C. IMC: Intermediate metal conduit.

	1.4 ACTION SUBMITTALS
	A. Product Data: For surface pathways, wireways and fittings, floor boxes, hinged-cover enclosures, and cabinets.
	B. Shop Drawings: For custom enclosures and cabinets. Include plans, elevations, sections, and attachment details.
	C. Samples: For wireways and and for each color and texture specified, 12 inches long.

	1.5 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Pathway routing plans, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of items involved:
	B. Qualification Data: For professional engineer.
	C. Seismic Qualification Certificates: For pathway racks, enclosures, cabinets, and equipment racks and their mounting provisions, including those for internal components, from manufacturer.
	D. Source quality-control reports.


	PART 2 -  PRODUCTS
	2.1 METAL CONDUITS, TUBING, AND FITTINGS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. General Requirements for Metal Conduits and Fittings:
	C. GRC: Comply with ANSI C80.1 and UL 6.
	D. ARC: Comply with ANSI C80.5 and UL 6A.
	E. IMC: Comply with ANSI C80.6 and UL 1242.
	F. EMT: Comply with ANSI C80.3 and UL 797.
	G. FMC: Comply with UL 1; zinc-coated steel or aluminum.
	H. LFMC: Flexible steel conduit with PVC jacket and complying with UL 360.
	I. Fittings for Metal Conduit: Comply with NEMA FB 1 and UL 514B.
	J. Joint Compound for IMC, GRC, or ARC: Approved, as defined in NFPA 70, by authorities having jurisdiction for use in conduit assemblies, and compounded for use to lubricate and protect threaded conduit joints from corrosion and to enhance their conductivity.

	2.2 NONMETALLIC CONDUITS, TUBING, AND FITTINGS
	A. General Requirements for Nonmetallic Conduits and Fittings:
	B. ENT: Comply with NEMA TC 13 and UL 1653.
	C. RNC:  Type EPC-40-PVC, complying with NEMA TC 2 and UL 651 unless otherwise indicated.
	D. LFNC: Comply with UL 1660.
	E. Rigid HDPE: Comply with UL 651A.
	F. Continuous HDPE: Comply with UL 651B.
	G. RTRC: Comply with UL 1684A and NEMA TC 14.
	H. Fittings for ENT and RNC: Comply with NEMA TC 3; match to conduit or tubing type and material.
	I. Fittings for LFNC: Comply with UL 514B.
	J. Solvents and Adhesives: As recommended by conduit manufacturer.

	2.3 OPTICAL-FIBER-CABLE PATHWAYS AND FITTINGS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Description: Comply with UL 2024; flexible-type pathway, approved for plenum, riser or general-use installation unless otherwise indicated.

	2.4 METAL WIREWAYS AND AUXILIARY GUTTERS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. Description: Sheet metal, complying with UL 870 and NEMA 250, Type 1, Type 3R, Type 4 and /or Type 12 unless otherwise indicated, and sized according to NFPA 70.
	C. Fittings and Accessories: Include couplings, offsets, elbows, expansion joints, adapters, hold-down straps, end caps, and other fittings to match and mate with wireways as required for complete system.
	D. Wireway Covers:  Hinged type or Screw-cover type unless otherwise indicated.
	E. Finish: Manufacturer's standard enamel finish.

	2.5 NONMETALLIC WIREWAYS AND AUXILIARY GUTTERS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. General Requirements for Nonmetallic Wireways and Auxiliary Gutters:
	C. Description: Fiberglass polyester, extruded and fabricated to required size and shape, without holes or knockouts. Cover shall be gasketed with oil-resistant gasket material and fastened with captive screws treated for corrosion resistance. Connections shall be flanged and have stainless-steel screws and oil-resistant gaskets.
	D. Fittings and Accessories: Couplings, offsets, elbows, expansion joints, adapters, hold-down straps, end caps, and other fittings shall match and mate with wireways as required for complete system.
	E. Solvents and Adhesives: As recommended by conduit manufacturer.

	2.6 SURFACE PATHWAYS
	A. General Requirements for Surface Pathways:
	B. Surface Metal Pathways: Galvanized steel with snap-on covers complying with UL 5. Prime coated, ready for field painting.
	C. Surface Nonmetallic Pathways: Two- or three-piece construction, complying with UL 5A, and manufactured of rigid PVC with texture and color selected by Architect from manufacturer's standard colors. Product shall comply with UL 94 V-0 requirements for self-extinguishing characteristics.

	2.7 BOXES, ENCLOSURES, AND CABINETS
	A. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
	B. General Requirements for Boxes, Enclosures, and Cabinets:
	C. Sheet-Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A.
	D. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, ferrous alloy, Type FD, with gasketed cover.
	E. Box extensions used to accommodate new building finishes shall be of same material as recessed box.
	F. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.
	G. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, cast aluminum with gasketed cover.
	H. Device Box Dimensions:  4-inches square by 2-1/8 inches deep and 4 inches by 2-1/8 inches by 2-1/8 inches deep.
	I. Gangable boxes are allowed.
	J. Nonmetallic Outlet and Device Boxes: Comply with NEMA OS 2 and UL 514C.
	K. Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, Type 1, Type 3R, Type 4 and Type 12 with continuous-hinge cover with flush latch unless otherwise indicated.
	L. Cabinets:


	PART 3 -  EXECUTION
	3.1 PATHWAY APPLICATION
	A. Outdoors: Apply pathway products as specified below unless otherwise indicated:
	B. Indoors: Apply pathway products as specified below unless otherwise indicated:
	C. Minimum Pathway Size: 3/4-inch trade size. Minimum size for optical-fiber cables is 1 inch.
	D. Pathway Fittings: Compatible with pathways and suitable for use and location.
	E. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth.
	F. Install surface pathways only where indicated on Drawings.
	G. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F.

	3.2 INSTALLATION
	A. Comply with NECA 1, NECA 101, and TIA-569-B for installation requirements except where requirements on Drawings or in this article are stricter. Comply with NECA 102 for aluminum pathways. Comply with NFPA 70 limitations for types of pathways allowed in specific occupancies and number of floors.
	B. Keep pathways at least 6 inches away from parallel runs of flues and steam or hot-water pipes. Install horizontal pathway runs above water and steam piping.
	C. Complete pathway installation before starting conductor installation.
	D. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for hangers and supports.
	E. Arrange stub-ups so curved portions of bends are not visible above finished slab.
	F. Install no more than the equivalent of three 90-degree bends in any conduit run except for communications wiring conduits for which only two 90-degree bends are allowed. Support within 12 inches of changes in direction.
	G. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated. Install conduits parallel or perpendicular to building lines.
	H. Support conduit within 12 inches of enclosures to which attached.
	I. Pathways Embedded in Slabs:
	J. Stub-ups to Above Recessed Ceilings:
	K. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply listed compound to threads of pathway and fittings before making up joints. Follow compound manufacturer's written instructions.
	L. Coat field-cut threads on PVC-coated pathway with a corrosion-preventing conductive compound prior to assembly.
	M. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes or cabinets. Install insulated bushings on conduits terminated with locknuts.
	N. Install pathways square to the enclosure and terminate at enclosures with locknuts. Install locknuts hand tight plus 1/4 turn more.
	O. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in the locknut area prior to conduit assembly to assure a continuous ground path.
	P. Cut conduit perpendicular to the length. For conduits of 2-inch trade size and larger, use roll cutter or a guide to ensure cut is straight and perpendicular to the length.
	Q. Install pull wires in empty pathways. Use polypropylene or monofilament plastic line with not less than 200-lb tensile strength. Leave at least 12 inches of slack at each end of pull wire. Cap underground pathways designated as spare above grade alongside pathways in use.
	R. Surface Pathways:
	S. Pathways for Optical-Fiber and Communications Cable: Install pathways, metal and nonmetallic, rigid and flexible, as follows:
	T. Install pathway sealing fittings at accessible locations according to NFPA 70 and fill them with listed sealing compound. For concealed pathways, install each fitting in a flush steel box with a blank cover plate having a finish similar to that of adjacent plates or surfaces. Install pathway sealing fittings according to NFPA 70.
	U. Install devices to seal pathway interiors at accessible locations. Locate seals so no fittings or boxes are between the seal and the following changes of environments. Seal the interior of all pathways at the following points:
	V. Comply with manufacturer's written instructions for solvent welding PVC conduit and fittings.
	W. Expansion-Joint Fittings:
	X. Flexible Conduit Connections: Comply with NEMA RV 3. Use maximum of 72 inches of flexible conduit forequipment subject to vibration, noise transmission, or movement; and for transformers and motors.
	Y. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not individually indicated, give priority to ADA requirements. Install boxes with height measured to center of box unless otherwise indicated.
	Z. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry block, and install box flush with surface of wall. Prepare block surface to provide a flat surface for a raintight connection between box and cover plate or supported equipment and box.
	AA. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same vertical channel.
	BB. Support boxes of three gangs or more from more than one side by spanning two framing members or mounting on brackets specifically designed for the purpose.
	CC. Fasten junction and pull boxes to or support from building structure. Do not support boxes by conduits.
	DD. Set metal floor boxes level and flush with finished floor surface.
	EE. Set nonmetallic floor boxes level. Trim after installation to fit flush with finished floor surface.

	3.3 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRONIC SAFETY AND SECURITY PENETRATIONS
	A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply with requirements in Section 260544 "Sleeves and Sleeve Seals for Electronic Safety and Security Pathways and Cabling."

	3.4 FIRESTOPPING
	A. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with requirements in Section 078413 "Penetration Firestopping."

	3.5 PROTECTION
	A. Protect coatings, finishes, and cabinets from damage and deterioration.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Requirements:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.


	PART 2 -  PRODUCTS
	2.1 SLEEVES
	A. Wall Sleeves:
	B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: Galvanized-steel sheet; 0.0239-inch minimum thickness; round tube closed with welded longitudinal joint, with tabs for screw-fastening the sleeve to the board.
	C. PVC-Pipe Sleeves: ASTM D 1785, Schedule 40.
	D. Molded-PVC Sleeves: With nailing flange for attaching to wooden forms.
	E. Molded-PE or -PP Sleeves: Removable, tapered-cup shaped, and smooth outer surface with nailing flange for attaching to wooden forms.
	F. Sleeves for Rectangular Openings:

	2.2 SLEEVE-SEAL SYSTEMS
	A. Description: Modular sealing device, designed for field assembly, to fill annular space between sleeve and pathway or cable.

	2.3 SLEEVE-SEAL FITTINGS
	A. Description: Manufactured plastic, sleeve-type, waterstop assembly made for embedding in concrete slab or wall. Unit shall have plastic or rubber waterstop collar with center opening to match piping OD.

	2.4 GROUT
	A. Description: Nonshrink; recommended for interior and exterior sealing openings in non-fire-rated walls or floors.
	B. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
	C. Design Mix: 5000-psi, 28-day compressive strength.
	D. Packaging: Premixed and factory packaged.

	2.5 SILICONE SEALANTS
	A. Silicone Sealants: Single-component, silicone-based, neutral-curing elastomeric sealants of grade indicated below.
	B. Silicone Foams: Multicomponent, silicone-based, liquid elastomers that, when mixed, expand and cure in place to produce a flexible, nonshrinking foam.


	PART 3 -  EXECUTION
	3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS
	A. Comply with NECA 1.
	B. Comply with NEMA VE 2 for cable tray and cable penetrations.
	C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and Masonry-Unit Floors and Walls:
	D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:
	E. Roof-Penetration Sleeves: Seal penetration of individual pathways and cables with flexible boot-type flashing units applied in coordination with roofing work.
	F. Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe sleeves and mechanical sleeve seals. Select sleeve size to allow for 1-inch annular clear space between pipe and sleeve for installing mechanical sleeve seals.
	G. Underground, Exterior-Wall and Floor Penetrations: Install cast-iron pipe sleeves. Size sleeves to allow for 1-inch annular clear space between pathway or cable and sleeve for installing sleeve-seal system.

	3.2 SLEEVE-SEAL-SYSTEM INSTALLATION
	A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at pathway entries into building.
	B. Install type and number of sealing elements recommended by manufacturer for pathway or cable material and size. Position pathway or cable in center of sleeve. Assemble mechanical sleeve seals and install in annular space between pathway or cable and sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make watertight seal.

	3.3 SLEEVE-SEAL-FITTING INSTALLATION
	A. Install sleeve-seal fittings in new walls and slabs as they are constructed.
	B. Assemble fitting components of length to be flush with both surfaces of concrete slabs and walls. Position waterstop flange to be centered in concrete slab or wall.
	C. Secure nailing flanges to concrete forms.
	D. Using grout, seal the space around outside of sleeve-seal fittings.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	B. Related Requirements:

	1.3 DEFINITIONS
	A. EMT: Electrical Metallic Tubing.
	B. FACP: Fire Alarm Control Panel.
	C. NICET: National Institute for Certification in Engineering Technologies.
	D. PC: Personal computer.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product, including furnished options and accessories.
	B. Shop Drawings: For fire-alarm system.
	C. General Submittal Requirements:
	D. Delegated-Design Submittal: For notification appliances and smoke and heat detectors, in addition to submittals listed above, indicate compliance with performance requirements and design criteria, including analysis data signed and sealed by the qualified professional engineer responsible for their preparation.

	1.5 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For Installer.
	B. Seismic Qualification Certificates: For fire-alarm control unit, accessories, and components, from manufacturer.
	C. Field quality-control reports.

	1.6 Sample Warranty: For special warranty.
	1.7 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For fire-alarm systems and components to include in emergency, operation, and maintenance manuals.
	B. Software and Firmware Operational Documentation:

	1.8 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.

	1.9 QUALITY ASSURANCE
	A. Installer Qualifications: Personnel shall be trained and certified by manufacturer for installation of units required for this Project.
	B. Installer Qualifications: Installation shall be by personnel certified by NICET as fire-alarm Level II technician.

	1.10 PROJECT CONDITIONS
	A. Perform a full test of the existing system prior to starting work. Document any equipment or components not functioning as designed.
	B. Interruption of Existing Fire-Alarm Service: Do not interrupt fire-alarm service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary guard service according to requirements indicated:
	C. Use of Devices during Construction: Protect devices during construction unless devices are placed in service to protect the facility during construction.

	1.11 SEQUENCING AND SCHEDULING
	1.12 WARRANTY
	A. Special Warranty: Manufacturer agrees to repair or replace fire-alarm system equipment and components that fail in materials or workmanship within specified warranty period.


	PART 2 -  PRODUCTS
	2.1 SYSTEM DESCRIPTION
	A. Source Limitations for Fire-Alarm System and Components: Components shall be compatible with, and operate as an extension of, existing system. Provide system manufacturer's certification that all components provided have been tested as, and will operate as, a system.
	B. Noncoded, addressable system, with multiplexed signal transmission and voice/strobe evacuation.
	C. Automatic sensitivity control of certain smoke detectors.
	D. All components provided shall be listed for use with the selected system.
	E. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	2.2 SYSTEMS OPERATIONAL DESCRIPTION
	A. Fire-alarm signal initiation shall be by one or more of the following devices and systems:
	B. Fire-alarm signal shall initiate the following actions:
	C. Supervisory signal initiation shall be by one or more of the following devices and actions:
	D. System trouble signal initiation shall be by one or more of the following devices and actions:
	E. System Supervisory Signal Actions:

	2.3 PERFORMANCE REQUIREMENTS
	A. Seismic Performance: Fire-alarm control unit and raceways shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.

	2.4 FIRE-ALARM CONTROL UNIT
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. General Requirements for Fire-Alarm Control Unit:
	C. Alphanumeric Display and System Controls: Arranged for interface between human operator at fire-alarm control unit and addressable system components including annunciation and supervision. Display alarm, supervisory, and component status messages and the programming and control menu.
	D. Initiating-Device, Notification-Appliance, and Signaling-Line Circuits:
	E. Smoke-Alarm Verification:
	F. Notification-Appliance Circuit:
	G. Elevator Recall:
	H. Door Controls: Door hold-open devices that are controlled by smoke detectors at doors in smoke-barrier walls shall be connected to fire-alarm system.
	I. Remote Smoke-Detector Sensitivity Adjustment: Controls shall select specific addressable smoke detectors for adjustment, display their current status and sensitivity settings, and change those settings. Allow controls to be used to program repetitive, time-scheduled, and automated changes in sensitivity of specific detector groups. Record sensitivity adjustments and sensitivity-adjustment schedule changes in system memory, and print out the final adjusted values on system printer.
	J. Transmission to Remote Alarm Receiving Station: Automatically transmit alarm, supervisory, and trouble signals to a remote alarm station.
	K. Voice/Alarm Signaling Service: Central emergency communication system with redundant microphones, preamplifiers, amplifiers, and tone generators provided in a separate cabinet located in the fire command center or as a special module that is part of fire-alarm control unit.
	L. Primary Power: 24-V dc obtained from 120-V ac service and a power-supply module. Initiating devices, notification appliances, signaling lines, trouble signals, supervisory and digital alarm communicator transmitters shall be powered by 24-V dc source.
	M. Secondary Power: 24-V dc supply system with batteries, automatic battery charger, and automatic transfer switch.
	N. Instructions: Computer printout or typewritten instruction card mounted behind a plastic or glass cover in a stainless-steel or aluminum frame. Include interpretation and describe appropriate response for displays and signals. Briefly describe the functional operation of the system under normal, alarm, and trouble conditions.

	2.5 PREACTION SYSTEM
	A. Initiate Presignal Alarm: This function shall cause an audible and visual alarm and indication to be provided at the FACP. Activation of an initiation device connected as part of a preaction system shall be annunciated at the FACP only, without activation of the general evacuation alarm.

	2.6 MANUAL FIRE-ALARM BOXES
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. General Requirements for Manual Fire-Alarm Boxes: Comply with UL 38. Boxes shall be finished in red with molded, raised-letter operating instructions in contrasting color; shall show visible indication of operation; and shall be mounted on recessed outlet box. If indicated as surface mounted, provide manufacturer's surface back box.

	2.7 SYSTEM SMOKE DETECTORS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. General Requirements for System Smoke Detectors:
	C. Photoelectric Smoke Detectors:
	D. Duct Smoke Detectors: Photoelectric type complying with UL 268A.

	2.8 HEAT DETECTORS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. General Requirements for Heat Detectors: Comply with UL 521.
	C. Heat Detector, Combination Type: Actuated by either a fixed temperature of 135 deg F or a rate of rise that exceeds 15 deg F per minute unless otherwise indicated.
	D. Heat Detector, Fixed-Temperature Type: Actuated by temperature that exceeds a fixed temperature of 190 deg F.

	2.9 NOTIFICATION APPLIANCES
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. General Requirements for Notification Appliances: Connected to notification-appliance signal circuits, zoned as indicated, equipped for mounting as indicated, and with screw terminals for system connections.
	C. Visible Notification Appliances: Xenon strobe lights complying with UL 1971, with clear or nominal white polycarbonate lens mounted on an aluminum faceplate. The word "FIRE" is engraved in minimum 1-inch-high letters on the lens.
	D. Voice/Tone Notification Appliances:

	2.10 REMOTE ANNUNCIATOR
	A. Description: Annunciator functions shall match those of fire-alarm control unit for alarm, supervisory, and trouble indications. Manual switching functions shall match those of fire-alarm control unit, including acknowledging, silencing, resetting, and testing.
	B. Display Type and Functional Performance: Alphanumeric display and LED indicating lights shall match those of fire-alarm control unit. Provide controls to acknowledge, silence, reset, and test functions for alarm, supervisory, and trouble signals.

	2.11 ADDRESSABLE INTERFACE DEVICE
	A. General:
	B. Monitor Module: Microelectronic module providing a system address for alarm-initiating devices for wired applications with normally open contacts.
	C. Integral Relay: Capable of providing a direct signal to elevator controller to initiate elevator recall or to circuit-breaker shunt trip for power shutdown.
	D. Control Module:

	2.12 DIGITAL ALARM COMMUNICATOR TRANSMITTER
	A. Digital alarm communicator transmitter shall be acceptable to the remote central station and shall comply with UL 632.
	B. Functional Performance: Unit shall receive an alarm, supervisory, or trouble signal from fire-alarm control unit and automatically capture one of two telephone line(s), sequentially, and dial a preset number for a remote central station. When contact is made with central station(s), signals shall be transmitted. If service on either line is interrupted for longer than 45 seconds, transmitter shall initiate a local trouble signal and transmit the signal indicating loss of telephone line to the remote alarm receiving station over the remaining line. Transmitter shall automatically report telephone service restoration to the central station. If service is lost on both telephone lines, transmitter shall initiate the local trouble signal.
	C. Local functions and display at the digital alarm communicator transmitter shall include the following:
	D. Digital data transmission shall include the following:
	E. Secondary Power: Integral rechargeable battery and automatic charger, if not contained or integral to the fire alarm control panel.
	F. Self-Test: Conducted automatically every 24 hours with report transmitted to central station.

	2.13 NETWORK COMMUNICATIONS
	A. Provide network communications for fire-alarm system according to fire-alarm manufacturer's written requirements.
	B. Provide network communications pathway per manufacturer's written requirements and requirements in NFPA 72 and NFPA 70.

	2.14 DEVICE GUARDS
	A. Description: Welded wire mesh of size and shape for the manual station, smoke detector, gong, or other device requiring protection.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas and conditions for compliance with requirements for ventilation, temperature, humidity, and other conditions affecting performance of the Work.
	B. Examine roughing-in for electrical connections to verify actual locations of connections before installation.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 EQUIPMENT INSTALLATION
	A. Comply with NFPA 72, NFPA 101, NFPA 130 and requirements of authorities having jurisdiction for installation and testing of fire-alarm equipment. Install all electrical wiring to comply with requirements in NFPA 70 including, but not limited to, Article 760, "Fire Alarm Systems."
	B. Install wall-mounted equipment, with tops of cabinets not more than 78 inches above the finished floor.
	C. Manual Fire-Alarm Boxes:
	D. Smoke- or Heat-Detector Spacing:
	E. Install a cover on each smoke detector that is not placed in service during construction. Cover shall remain in place except during system testing. Remove cover prior to system turnover.
	F. Duct Smoke Detectors: Comply with NFPA 72 and NFPA 90A. Install sampling tubes so they extend the full width of duct. Tubes more than 36 inches long shall be supported at both ends.
	G. Air-Sampling Smoke Detectors: If using multiple pipe runs, the runs shall be pneumatically balanced.
	H. Elevator Shafts: Coordinate temperature rating and location with sprinkler rating and location. Do not install smoke detectors in sprinklered elevator shafts.
	I. Single-Station Smoke Detectors: Where more than one smoke alarm is installed within a dwelling or suite, they shall be connected so that the operation of any smoke alarm causes the alarm in all smoke alarms to sound.
	J. Remote Status and Alarm Indicators: Install in a visible location near each smoke detector, sprinkler water-flow switch, and valve-tamper switch that is not readily visible from normal viewing position.
	K. Audible Alarm-Indicating Devices: Install not less than 6 inches below the ceiling. Install bells and horns on flush-mounted back boxes with the device-operating mechanism concealed behind a grille. Install all devices at the same height unless otherwise indicated.
	L. Visible Alarm-Indicating Devices: Install adjacent to each alarm bell or alarm horn and at least 6 inches below the ceiling. Install all devices at the same height unless otherwise indicated.
	M. Device Location-Indicating Lights: Locate in public space near the device they monitor.

	3.3 PATHWAYS
	A. Pathways above recessed ceilings and in nonaccessible locations may be routed exposed.
	B. Pathways shall be installed in EMT.
	C. Exposed EMT shall be painted to match surrounding finishes.

	3.4 CONNECTIONS
	A. For fire-protection systems related to doors in fire-rated walls and partitions and to doors in smoke partitions, comply with requirements in Section 087100 "Door Hardware." Connect hardware and devices to fire-alarm system.
	B. Make addressable connections with a supervised interface device to the following devices and systems. Install the interface device less than 36 inches from the device controlled. Make an addressable confirmation connection when such feedback is available at the device or system being controlled.

	3.5 IDENTIFICATION
	A. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."
	B. Install framed instructions in a location visible from fire-alarm control unit.

	3.6 GROUNDING
	A. Ground fire-alarm control unit and associated circuits; comply with IEEE 1100. Install a ground wire from main service ground to fire-alarm control unit.
	B. Ground shielded cables at the control panel location only. Insulate shield at device location.

	3.7 FIELD QUALITY CONTROL
	A. Field tests shall be witnessed by authorities having jurisdiction.
	B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	C. Perform tests and inspections.
	D. Perform the following tests and inspections with the assistance of a factory-authorized service representative:
	E. Reacceptance Testing: Perform reacceptance testing to verify the proper operation of added or replaced devices and appliances.
	F. Fire-alarm system will be considered defective if it does not pass tests and inspections.
	G. Prepare test and inspection reports.
	H. Maintenance Test and Inspection: Perform tests and inspections listed for weekly, monthly, quarterly, and semiannual periods. Use forms developed for initial tests and inspections.
	I. Annual Test and Inspection: One year after date of Substantial Completion, test fire-alarm system complying with visual and testing inspection requirements in NFPA 72. Use forms developed for initial tests and inspections.

	3.8 MAINTENANCE SERVICE
	A. Initial Maintenance Service: Beginning at Substantial Completion, maintenance service shall include 12 months' full maintenance by skilled employees of manufacturer's designated service organization. Include preventive maintenance, repair or replacement of worn or defective components, lubrication, cleaning, and adjusting as required for proper operation. Parts and supplies shall be manufacturer's authorized replacement parts and supplies.

	3.9 SOFTWARE SERVICE AGREEMENT
	A. Comply with UL 864.
	B. Technical Support: Beginning at Substantial Completion, service agreement shall include software support for two years.
	C. Upgrade Service: At Substantial Completion, update software to latest version. Install and program software upgrades that become available within two years from date of Substantial Completion. Upgrading software shall include operating system and new or revised licenses for using software.

	3.10 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain fire-alarm system.
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