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EXECUTIVE SUMMARY 

This report summarizes the results of the subsurface exploration program, laboratory test data and 

geotechnical analyses for the proposed 393’-11 7/8”, 5-span bridge on James Street over Christina River in 

New Castle County, Delaware. The report was prepared in accordance with the DelDOT Bridge Design 

Manual
 (1)

, AASHTO LRFD Bridge Design Specifications
(2)

 and Drilled Shafts: Construction Procedures and 

LRFD Design Methods – Publication No. FHWA-NHI-10-016 - May 2010
(3)

. 

 

The recommendations for foundation design include: 

1. Recommended Foundation Design Features 

 
Recommended Drilled Shaft Foundations at Abutments A&B 

 
Abutment A Abutment B 

Recommended Foundation Type 48” Diameter Cased Drilled Shafts 48” Diameter Cased Drilled Shafts 

Applicable Boring JS-2 JS-9 

Bottom of Drilled Shaft Cap Elevation, 

ft. 
+1.5/+4.5 +4.0 

Top of Casing Elevation, ft. +1.5/+4.5 +4.0 

Load Carrying Mechanism Friction and End bearing in Rock Friction and End bearing in Rock 

Min. Bottom of Drilled Shaft Elevation, 

ft. 
-94.0 -46.0 

Assumed Top of Rock Elevation, ft. -109.5 -92.5 

Estimated Bottom of Drilled Shaft 

Elevation, ft. 
-111.5 -94.5 

Estimated Shaft Length, ft.* 113.0/116.0 98.5 

Factored Axial Resistance (RR), Kips 516 415 

Factored Lateral Resistance, Kips 105.6 229.3 

Factored Service Lateral  Resistance, 

Kips 
67.40 146.9 

Service Limit State Lateral Deflection, 

inches 
0.69 0.19 

Service Limit State Allowable 

Deflection, inches 
1.0 1.0 

Minimum Shaft spacing, ft. 12 12 

*Drilled Shaft Length measured from the top of permanent casing to estimated bottom of drilled shaft. 

 Recommended Drilled Shaft Foundations at Piers 1, 2, 3 & 4 

 Pier 1 Pier 2 Pier 3 Pier 4 

Recommended 

Foundation Type 

48” Diameter Cased 

Drilled Shafts 

48” Diameter 

Cased Drilled 

Shafts 

48” Diameter 

Cased Drilled 

Shafts 

48” Diameter 

Cased Drilled 

Shafts 

Applicable Boring JS-3 & JS-4 JS-5 JS-6 JS-7 & JS-8 

Bottom of Pier Cap 

Elevation, ft. 
+7.25 +9.22 +8.83 +6.29 

Top of Casing Elevation, ft. 0.0 -12.0 -1.0 +3.0 

Load Carrying Mechanism 
Friction and End 

bearing in Rock 

Friction and End 

bearing in Rock 

Friction and End 

bearing in Rock 

Friction and End 

bearing in Rock 

Min. Bottom of Drilled 

Shaft Elevation, ft. 
-104.0 -103.0 -99.0 -93.0 
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 Recommended Drilled Shaft Foundations at Piers 1, 2, 3 & 4 

 Pier 1 Pier 2 Pier 3 Pier 4 

Assumed Top of Rock 

Elevation, ft. 
-107.0 -107.0 -107.0 -100.5 

Estimated Bottom of 

Drilled Shaft Elevation, ft. 
-109.0 -109.0 -109.0 -102.5 

Estimated Shaft Length, 

ft.* 
109.0 97.0 108.0 105.5 

Factored Axial Resistance 

(RR), Kips 
778 703 695 1044 

Factored Lateral 

Resistance, Kips 
67.79 30.73 22.81 81.31 

Factored Service Lateral  

Resistance, Kips 
52.67 19.25 15.79 46.59 

Service Limit State Lateral 

Deflection, inches 
0.08 0.42 0.70 0.23 

Service Limit State 

Allowable Deflection, 

inches 

1.0 1.0 1.0 1.0 

Minimum Shaft spacing, 

ft. 
12 12 12 12 

*Drilled Shaft Length measured from the top of permanent casing to estimated bottom of drilled shaft. 

2. The drilled shafts will be installed using a permanent steel casing and using the rotating or 

oscillating methods to minimize vibration. The minimum steel casing thickness is ½ inch at the 

abutments and Piers 1, 2 and 4 and ¾ inch at Pier 3. After the casing has been filled with concrete, 

fill all void space occurring between the casing and drilled shaft excavation with a material which 

approximates the geotechnical properties of the in-situ soils. Testing using crosshole sonic log is 

recommended. Access tubes for crosshole sonic log testing shall be steel pipe of 0.145 inches 

minimum wall thickness and at least 1-1/2 inch inside diameter. A minimum of four tubes per 

shaft are recommended. One Bi-Directional Load cell Test at a technique shaft located at Wing A is 

recommended. 

 

3. The effects of construction activity on the 72-inch forced sewer main should be minimized. The 

area in the immediate vicinity of the pipe should be delineated to restrict construction activity 

around the pipe. Vibration Monitoring is recommended at the 72-inch forced sewer main. A 

threshold value of 0.2 inches/sec should not be exceeded. Installation of drilled shafts should 

proceed from Abutment B, towards Abutment A. 

 

4. The contractor is responsible for stability of excavated slopes. The contractor is also responsible 

for providing dewatering of the excavation to allow for inspection and construction. Any 

dewatering sumps or wells should be located at least three feet away from the footing excavation. 
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1.0 INTRODUCTION 

 

The existing bridge BR1-159 carries James Street over Christina River, in New Castle County. This report 

summarizes the results of the subsurface exploration program, laboratory test data and geotechnical 

analyses. The report also specifies the foundation design and construction recommendations.  The 

foundation design requirements for the structure include recommendations for bottom of Drilled Shaft 

elevations, axial and lateral capacities for Drilled Shafts and approach embankment treatment to mitigate 

settlement. The conclusions and recommendations are based on soil and groundwater information 

gathered during the geotechnical exploration program and subsequent laboratory analysis of samples. The 

report was prepared in accordance with the DelDOT Bridge Design Manual
 (1)

, AASHTO LRFD Bridge Design 

Specifications
(2)

 and Drilled Shafts: Construction Procedures and LRFD Design Methods – Publication No. 

FHWA-NHI-10-016 - May 2010
(3)

. 

 

The following tasks were performed for the preparation of this report: 

• Drafting of the Subsurface Profile. 

• Interpretation of the subsurface exploration and the laboratory test data.  

 

2.0 SITE AND PROJECT DESCRIPTION 

2.1 Site Description  

The project site is shown in Figure 1 – Project Location Map. The Boring Location Plan- Figure 2 indicates 

that the existing ground surface elevations in the vicinity of the proposed structure range from Elev. -25 

(channel elevation) to Elev. +11 feet above mean sea level. Industrial and commercial areas are adjacent 

to the proposed structure. 

2.2 Proposed Structure 

The proposed structure will be constructed just east of the existing bridge alignment and will be 393’-11 

7/8” long, with 5 spans. The span lengths varies from 55’-5 1/2” (Span 5) to 88-1 1/8” (Span 2). The 

structure will have a curb-to-curb width of 28 feet and a 10-foot wide bike and pedestrian way. The out-

to-out width of 42’- 5 ½” consists of two 12-foot lanes, two 2-foot shoulders, two 1’-8 1/4” parapets and 

1’-1” for a handrail. The proposed bridge structure type, size and location are shown on the Boring 

Location Plan provided in Figure 2. The proposed deck elevation at the centerline is 12.76 feet at 

Abutment A and 12.5 feet at Abutment B. The maximum embankment height is approximately 9 feet at 

Abutment A and 5.5 feet at Abutment B.  

3.0 SUBSURFACE EXPLORATION AND LABORATORY TESTING 

The subsurface exploration and laboratory testing data are included in Appendix B.  

3.1 Subsurface Exploration 

During the months of May through August 2012 Walton Corporation completed ten (10) Standard 

Penetration Test (SPT) borings (JS-1 thru JS-10) at the structure and approach roadway. The structure test 

boring locations are shown on the Boring Location Plan in Figure 2. Borings JS-1 and JS-10 were drilled as 

roadway borings. A summary of the boring program is shown in Table 3.1.  
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Table 3.1 Summary of Boring Program 

Boring 

No. 

Ground 

Surface 

Elevation 

(ft.) 

Substructure 

Unit 

Ave. NCORR-Value 

(bp 1.0 ft.) 
(1)

 

Groundwater 

Elevation (ft.) 
Remarks on Subsurface Material 

JS-1 9.0 Roadway 
N/A 

Dry 
Medium/dense fill over saturated soft silts/clays with 

alternating layers of medium dense to dense/stiff sands, 

silts and clays below 

JS-2 8.5 
Abutment A 

and Wing A 

25 
-19.5 

Medium/dense fill over saturated soft silts/clays with 

alternating layers of medium dense to dense/stiff sands, 

silts and clays below 

JS-3 11.0 

Pier 1 

27 
1.0 

Medium/dense fill over saturated soft silts/clays with 

alternating layers of medium dense to dense/stiff sands, 

silts and clays below 

JS-4 4.0 
21 

-15.8 

Medium/dense fill over saturated soft silts/clays with 

alternating layers of medium dense to dense/stiff sands, 

silts and clays below 

JS-5 
11.0 

Pier 2 
26 

*4.6 

River mud/saturated clayey silts overlying alternating 

layers of medium dense to very dense/stiff sands, silts 

and clays below 

JS-6 
11.0 

Pier 3 
20 

*4.6 

River mud/saturated clayey silts overlying alternating 

layers of medium dense to very dense/hard sands, silts 

and clays below 

JS-7 
11.0 

Pier 4 

27 
-3.8 

Medium/dense fill over alternating layers of medium 

dense to dense/stiff sands and silts 

JS-8 1.0 
26 

-5.5 
Medium/dense fill over alternating layers of medium 

dense to dense/stiff sands and silts 

JS-9 4.5 
Abutment  B 

and Wing D 

27 
-1.5 

Medium/dense fill over alternating layers of medium 

dense to dense/stiff sands and silts 

JS-10 8.5 Roadway 
N/A 

Dry 
Medium/dense fill over alternating layers of medium 

dense to dense/stiff  sands and silts 

(1)
 Averaged over the length of the boring 

*Assumed at Mean High Water Elevation 

3.2 Standard Penetration Test Boring 

The borings were typically advanced using 3.25-inch O.D. hollow-stem augers.  Samples were captured 

using the Standard Penetration Testing (SPT) procedure. Split-barrel samples, in accordance with ASTM D 

1586, were taken at intervals with a 2.0-inch outer-diameter split-barrel sampler.  For each 2-foot 

sampling interval, the number of blows required to drive the sampler six inches using a 140-pound weight 

dropped 30 inches was recorded.  The soil obtained from the sampling sequence was visually classified by 

type, texture and color. Boring logs, recording blow counts, sample depths and material descriptions were 

maintained throughout the drilling operation. Graphic interpretations of these logs are presented on the 

Subsurface Profile in Appendix A - Figure 3. 
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3.3 Laboratory Testing Program 

The Laboratory testing results are shown in Appendix B. Testing included: Classification and Index tests, 

undisturbed soil sample tests and corrosion tests. The soil samples were tested at laboratories of Geo-

Technology Associates, Inc. and DelDOT.  

 

Corrosion tests included: pH (ASTM G-51), Earth Resistivity (ASTM G-57), Redox Potential (ASTM D1498), 

Qualitative Test for Sulfide and Natural Moisture Content. 

 

A summary of the laboratory tests on undisturbed samples is shown in Table 3.2 

 

Table 3.2   Summary of Laboratory Tests on Undisturbed Samples 

 

Boring No 
Undisturbed 

Sample Depth (ft.) 
Laboratory Testing Laboratory Test Results 

JS-2 16.0 Consolidation Test 

Pc=1.15tsf, Cc=0.65, 

Cr=0.08, e0=1.659, 

Cv=0.1ft
2
/day 

JS-2 26.0 CU with Pore Pressures 
C=0.346tsf, C’=0.236 tsf 

φ= 10 deg, φ’=24.7 deg 

JS-3 22.0 CU with Pore Pressures 
C=0.056 tsf, C’=0.035 tsf 

φ= 16.1 deg, φ’=35.3 deg 

3.4 Groundwater 

Groundwater readings were made during the course of the boring operations and after completion of the 

borings. The groundwater elevations are shown in Table 3.1. The groundwater readings are for the times 

shown on the boring logs and may not be indicative of seasonal or long-term fluctuations in groundwater 

levels. The Mean High Water elevation of Christina River is 4.64 feet. A design groundwater elevation of 

5.0 feet was therefore assumed. 

4.0 SUBSURFACE CONDITIONS 

4.1 Geology 

According to the map of the Geology of Wilmington Area, Delaware (1975), prepared by the Delaware 

Geological Survey (DGS), the area is situated in the Potomac Formation. The Potomac Formation is 

characterized by variegated red, gray, purple, yellow, and white, frequently lignitic silts and clays 

containing interbedded white, gray, and rust-brown quartz sands and some gravel. Individual beds usually 

restricted laterally in northern Delaware. 

The Potomac Formation is of the Early to Late Cretaceous age. Potomac sediments are of continental 

origin and consist mainly of vari-colored clays and silts with some interbedded sands. Encroachment of the 

sea and marine deposition apparently took place from Late Cretaceous time up to Late Eocene time but 

no sediment record of these events remains in the map area. Fluvial sands and gravels of the Columbia 

Formation (Pleistocene age) unconformably overlie the Potomac Formation in most of the map area. In 

some cases, Pleistocene streams cut deep valleys into the Potomac; the thickness of Holocene fluvial 

materials may exceed fifty feet. 
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4.2 Subsurface Conditions 

The surface elevations of the structure borings (JS-2 thru JS-9) range from elevation +4.5 feet to +11.0 

feet. The soil profile at the approach to the south abutment (Abutment A) and Pier 1 consisted of 

medium/dense fill over saturated soft silts/clays with alternating layers of medium dense to dense/stiff 

sands, silts and clays below. Bedrock was not encountered. The corrected N-values of the soils in borings 

JS-2 thru JS-4 ranged from 21 to 27, with the N-values generally increasing with depth. The soft silts/clays 

are susceptible to consolidation. 

Pier 4 and the north abutment (Abutment B)/approach soil profile consisted of medium/dense fill over 

alternating layers of medium dense to dense/stiff sands, silts and clays below.  The corrected N-values of 

the soils in borings JS-7 thru JS-9 ranged from 26 to 27, with the N-values generally increasing with depth. 

Bedrock was encountered in borings JS-8 and JS-9 at elevations -100.5 feet and -93.5 feet respectively. 

RQD ranged from 58% to 84.8%.  

The soil profile at Pier 2 (Borings JS-5) consisted of river mud/saturated clayey silts overlying alternating 

layers of medium dense to very dense/stiff sands, silts and clays below. The soil profile at the Pier 3 

(Borings JS-6) consisted of River mud/saturated clayey silts overlying alternating layers of medium dense 

to very dense/hard sands, silts and clays below. Bedrock was not encountered in these borings. 

The Subsurface Profile is included in Appendix A - Figure 3. 

4.3 Soil Parameters for Design (Abutments) 

The recommended design soil parameters for the abutments are given in Appendix C-1, and are 

summarized in Table 4.1. The parameters are based on SPT blow-count correlations. 

 
Table 4.1 Recommended Foundation Design Features for Abutments 

 

Parameters Abutment A  Abutment B  

Recommended Foundation Type 48” Diameter Cased Drilled Shafts 48” Diameter Cased Drilled Shafts 

Applicable Boring JS-2 JS-9 

Bottom of Drilled Shaft Cap Elevation 

(ft.) 
+1.5 +4.0 

No. of Soil Layers 7 6 

Bearing Stratum 
Medium dense to dense/stiff sands, silts 

and clays 

Medium dense to very dense/stiff 

sands, silts and clays over Schist 

bedrock 

Unit Weight, γ (lb./ft
3
) 135/100/130/125/130/125/135 120/135/135/125/135/150 

Soil Cohesion, c (psf) 0/400/0/1000/0/1000/0 750/0/0/1000/0/200,000 

In-situ Soil Friction Angle, φf (°) 

Layer 1 - 34,  Layer 2- N/A, Layer 3-32, 

Layer 4 - N/A, Layer 5 -32, Layer 6-N/A, 

Layer 7-34 

Layer 1 – N/A,  Layer 2- 34, Layer 3-32, 

Layer 4 - N/A, Layer 5 -34, Layer 6-46 

Drilled Shaft Bearing Resistance 

Factor, (φ,) Side/End 
0.55/0.5 (Sand) and 0.45/0.4 (Clay) 0.55/0.5 (Sand) and 0.45/0.4 (Clay) 
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4.4 Soil Parameters for Design (Piers) 

The recommended design soil parameters for the piers are given in Appendix C-2, and are summarized in 

Table 4.2 and Table 4.3. The parameters are based on SPT blow-count correlations. 

 
Table 4.2 Recommended Foundation Design Features for Piers 

 

Parameters Pier 1 Pier 2 

Recommended Foundation Type 48” Diameter Cased Drilled Shafts 48” Diameter Cased Drilled Shafts 

Applicable Boring JS-3 & JS-4 JS-5 

Top of Casing Elevation (ft.) 0.0 -12.0 

No. of Soil Layers 4 6 

Bearing Stratum 
Medium dense to dense/stiff sands, silts and 

clays 

Medium dense to dense/stiff sands, silts 

and clays 

Unit Weight, γ (lb./ft
3
) 100/130/125/135 110/120/130/125/135/150 

Soil Cohesion, c (psf) 300/0/1000/0 0/0/0/2000/0/0 

In-situ Soil Friction Angle, φf (°) Layer 1 - 0,  Layer 2- 32, Layer 3-0, Layer 4 -35 
Layer 1 – 30,  Layer 2-32, Layer 3-32, 

Layer 4-N/A, Layer 5-36,  Layer 6-46 

Drilled Shaft Bearing Resistance 

Factor, (φ,) Side/End 
0.55/0.5 (Sand) and 0.45/0.4 (Clay) 0.55/0.5 (Sand) and 0.45/0.4 (Clay) 

 

 

Parameters Pier 3 Pier 4 

Recommended Foundation Type 48” Diameter Cased Drilled Shafts 48” Diameter Cased Drilled Shafts 

Applicable Boring JS-6 JS-7 & JS-8 

Top of Casing Elevation (ft.) -1.0 +3.0 

No. of Soil Layers 4 7 

Bearing Stratum 
Medium dense to very dense/hard sands, silts 

and clays below 

Medium dense to dense/stiff sands, silts 

and clays over Schist bedrock 

Unit Weight, γ (lb./ft
3
) 105/120/125/135 120/135/115/135/125/135/150 

Soil Cohesion, c (psf) 600/0/2000/0 750/0/750/0/1000/0/200,000 

In-situ Soil Friction Angle, φf (°) 
Layer 1 – N/A,  Layer 2 – 32,  Layer 3- N/A, 

Layer 4- 36 

Layer 1 – N/A, Layer 2-34, Layer 3-N/A, 

Layer 4 -34, Layer 5- N/A, Layer 6 -34, 

Layer 7-46 

Drilled Shaft Bearing Resistance 

Factor, (φ,) Side/End 
0.55/0.5 (Sand) and 0.45/0.4 (Clay) 0.55/0.5 (Sand) and 0.45/0.4 (Clay) 

 

5.0 EVALUATION AND RECOMMENDATIONS – ABUTMENTS 

5.1 Abutment Foundation Alternative Analysis 

Deep and shallow foundation alternatives were considered. A shallow foundation was not recommended 

because of the presence of soft soils just below the anticipated bottom of footing elevation. A cast-in-

place reinforced concrete cantilever abutment on driven piles was also ruled out in order to minimize 

vibration, which could affect the nearby 72-inch diameter forced sewer main. As indicated in the Boring 

Location Plan, Figure 2, the abutments will consist of stub abutments on 48-inch diameter cased drilled 

shafts. The drilled shafts will be installed using a permanent 49” OD minimum steel casing, using the 

rotating or oscillating methods, where necessary, to minimize vibration. 
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5.2 Summary of Analysis and Recommendations – Abutments 

The abutments will consist of stub abutments on 48-inch diameter cased drilled shafts. The Bottom of 

Drilled Shaft Cap Elevation (BDSCE) was determined based the superstructure depth and the drilled shaft 

cap thickness. The minimum bottom of drilled shaft elevation (MBDSE) was determined based on the 

required penetration depth needed to support the factored applied axial loads. In order to insure that the 

axial capacities of the shafts are achieved during construction, all drilled shafts will be terminated two feet 

into rock. The estimated bottoms of drilled shaft elevations (EBDSE) are shown in Table 5.1 and on the 

boring profile in Figure 3.  

The Factored Geotechnical Resistance (RR) of a single drilled shaft was determined using the Ensoft 

computer program SHAFT. The resistance factors outlined in AASHTO Table 10.5.5.2.3-1 were used. The 

strength axial capacity calculations are included in Appendix C-1 and the results are shown in Table 5.1. A 

resistance factor of 0.45 and 0.4 for side and end respectively was used for clay soils and 0.55 and 0.5 for 

side and end respectively, in sand. The lateral capacities at the strength and service limit states were 

determined using the Ensoft computer program LPILE. The calculations are included in Appendix C-1 and 

the results are shown in Table 5.1. The minimum spacing of the shafts should be 3 diameters, or 12 feet. 

5.3 Abutment Foundation Recommendations  

The drilled shaft foundation recommendations at the abutments are shown in Table 5.1. 

Table 5.1 Recommended Drilled Shaft Foundations at Abutments A&B 

 
Abutment A Abutment B 

Recommended Foundation Type 48” Diameter Cased Drilled Shafts 48” Diameter Cased Drilled Shafts 

Applicable Boring JS-2 JS-9 

Bottom of Drilled Shaft Cap Elevation, 

ft. 
+1.5/+4.5 +4.0 

Top of Casing Elevation, ft. +1.5/+4.5 +4.0 

Load Carrying Mechanism Friction and End bearing in Rock Friction and End bearing in Rock 

Min. Bottom of Drilled Shaft Elevation, 

ft. 
-94.0 -46.0 

Assumed Top of Rock Elevation, ft. -109.5 -92.5 

Estimated Bottom of Drilled Shaft 

Elevation, ft. 
-111.5 -94.5 

Estimated Shaft Length, ft.* 113.0/116.0 98.5 

Factored Axial Resistance (RR), Kips 516 415 

Factored Lateral Resistance, Kips 105.6 229.3 

Factored Service Lateral  Resistance, 

Kips 
67.40 146.9 

Service Limit State Lateral Deflection, 

inches 
0.69 0.19 

Service Limit State Allowable 

Deflection, inches 
1.0 1.0 

Minimum Shaft spacing, ft. 12 12 

*Drilled Shaft Length measured from the top of permanent casing to estimated bottom of drilled shaft. 
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6.0 EVALUATION AND RECOMMENDATIONS – PIERS 

6.1 Pier Foundation Alternative Analysis 

Deep and shallow foundation alternatives were considered. A shallow foundation was ruled out because 

of the potential for scour and/or because of the presence of soft soils immediately below the anticipated 

bottom of footing elevation. Steel H-piles driven to very stiff/hard sandy clay were ruled out in order to 

minimize vibration, which could affect the nearby 72-inch diameter forced sewer main. Also the use of 

cofferdams in the river was not permitted. Drilled shafts continuous with the pier columns were therefore 

chosen. 

6.2 Summary of Analysis and Recommendations – Piers 

The piers will be supported on 48-inch diameter cased drilled shafts. The MBDSEs were determined based 

on the required penetration depth needed to support the factored applied axial loads, with the 100-year 

design flood scour taken into account. In order to insure that the axial capacities of the shafts are achieved 

during construction, all drilled shafts will be terminated two feet into rock. The EBDSEs are shown in Table 

6.1 and on the boring profile in Figure 3.  

The Factored Geotechnical Resistance (RR) of a single drilled shaft was determined using the Ensoft 

computer program SHAFT. The resistance factors outlined in AASHTO Table 10.5.5.2.3-1 were used. The 

strength axial capacity calculations are included in Appendix C-2 and the results are shown in Table 6.1. A 

resistance factor of 0.45 and 0.4 for side and end respectively was used for clay soils and 0.55 and 0.5 for 

side and end respectively, in sand. The lateral capacities at the strength and service limit states were 

determined using the Ensoft computer program LPILE. The calculations are included in Appendix C-2 and 

the results are shown in Table 6.1. The minimum spacing of the shafts is 3 diameters or 12 feet. 

6.3 Pier Foundation Recommendations  

The foundation recommendations at the piers are shown in Table 6.1. 

 Table 6.1 Recommended Drilled Shaft Foundations at Piers 1, 2, 3 & 4 

 Pier 1 Pier 2 Pier 3 Pier 4 

Recommended 

Foundation Type 

48” Diameter Cased 

Drilled Shafts 

48” Diameter 

Cased Drilled 

Shafts 

48” Diameter 

Cased Drilled 

Shafts 

48” Diameter 

Cased Drilled 

Shafts 

Applicable Boring JS-3 & JS-4 JS-5 JS-6 JS-7 & JS-8 

Bottom of Pier Cap 

Elevation, ft. 
+7.25 +9.22 +8.83 +6.29 

Top of Casing Elevation, ft. 0.0 -12.0 -1.0 +3.0 

Load Carrying Mechanism 
Friction and End 

bearing in Rock 

Friction and End 

bearing in Rock 

Friction and End 

bearing in Rock 

Friction and End 

bearing in Rock 

Min. Bottom of Drilled 

Shaft Elevation, ft. 
-104.0 -103.0 -99.0 -93.0 

Assumed Top of Rock 

Elevation, ft. 
-107.0 -107.0 -107.0 -100.5 

Estimated Bottom of 

Drilled Shaft Elevation, ft. 
-109.0 -109.0 -109.0 -102.5 

Estimated Shaft Length, 

ft.* 
109.0 97.0 108.0 105.5 

Factored Axial Resistance 

(RR), Kips 
778 703 695 1044 
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 Table 6.1 Recommended Drilled Shaft Foundations at Piers 1, 2, 3 & 4 

 Pier 1 Pier 2 Pier 3 Pier 4 

Factored Lateral 

Resistance, Kips 
67.79 30.73 22.81 81.31 

Factored Service Lateral  

Resistance, Kips 
52.67 19.25 15.79 46.59 

Service Limit State Lateral 

Deflection, inches 
0.08 0.42 0.70 0.23 

Service Limit State 

Allowable Deflection, 

inches 

1.0 1.0 1.0 1.0 

Minimum Shaft spacing, 

ft. 
12 12 12 12 

*Drilled Shaft Length measured from the top of permanent casing to estimated bottom of drilled shaft. 

7.0  DRILLED SHAFT GROUP RESISTANCE 

No reduction in resistance for group efficiency is anticipated, since the permanent casing will be advanced 

in front of the excavation heading, and the drilled shaft spacing will be three diameters, or 12 feet. The 

drilled shafts will also penetrate a layer of stiff or hard cohesive material, at the piers.  

8.0  DRILLED SHAFT SETTLEMENT 

Short-term settlement was computed using the computer program SHAFT. The program computes 

settlement of the top and base of the shaft as a function of axial loading. The drilled shafts were within 

tolerable settlement limits (1 inch) for the predicted service loads. Long-term settlement is not 

anticipated, since the drilled shafts will be terminated in bedrock. 

9.0  EVALUATION AND RECOMMENDATIONS - WINGS 

Wing A and Wing D will be Cast-in-Place Reinforced Concrete Cantilever Walls with spread footing on soil. 

The soil parameters for Wing A will be the same as for Abutment A and the soil parameters for Wing D will 

be the same as for Abutment B. The bottom of footing elevations for Wings A and D should be a minimum 

of 3 feet below finished grade to prevent damage due to frost heave. 

10.0  APPROACH EMBANKMENT SETTLEMENT 

In order to mitigate embankment settlement which may affect the 72-inch forced sewer main at the south 

approach, lightweight aggregate fill will be used. The lightweight aggregate fill producer shall submit 

verification of a compacted density of less than 60 pcf when measured by a one-point compaction 

("Proctor") test conducted in accordance with ASTM D698. A special Provision is provided in Appendix D. 

At the north approach, approximately 5 feet of fill will be placed. Based on the soil profile at borings JS-9 

and JS-10, long-term settlement is not anticipated. 

11.0 SPECIAL CONSIDERATIONS 

11.1 Drilled Shaft Construction and Testing 

The drilled shafts will be installed using a minimum 49” OD permanent steel casing and by the rotating or 

oscillating method to minimize vibration. After the casing has been filled with concrete, fill all void space 
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occurring between the casing and drilled shaft excavation with a material which approximates the 

geotechnical properties of the in-situ soils. Testing using crosshole sonic log is recommended. Access 

tubes for crosshole sonic log testing shall be steel pipe of 0.145 inches minimum wall thickness and at 

least 1-1/2 inch inside diameter. A minimum of four tubes are recommended. One Bi-Directional Load cell 

Test at a technique shaft is recommended. The technique should be abandoned after testing. Other 

requirements for testing are included in the drilled shaft special provisions in Appendix D.  

11.2 Seismic Design Considerations 

Based on the SPT blow counts and the soil profile and in accordance with AASHTO Table 3.10.3.1-1, a Site 

Class E should be used for seismic design. 

11.3 Corrosion Protection 

Based on the AASHTO Section 10.7.5, the results of the laboratory chemical testing which is included in 

Appendix B indicate the absence of a corrosive environment. Protection against corrosion is therefore not 

necessary. 

11.4 Temporary Cut Slope and Support of Excavation 

Excavation for the foundations should be carried out in a manner that will ensure the stability of the sides 

of the excavations. The sides of the excavations may have to be sloped to prevent slope failure.  Where 

there is inadequate room to accommodate the necessary sloping of the excavation sides, temporary 

shoring should be installed. All excavation safety measures, including sloping and shoring should conform 

to current OSHA and local standards. Care should be exercised when excavating at the toe or on the side 

of existing fill or cut slopes so that the stability of the slope is not affected.  A qualified engineer registered 

in the state of Delaware should design all temporary sheeting and shoring. 

11.5 Scour Analysis 

Results of the scour analysis are included in Appendix C-3. It is anticipated that scour will not affect the 

abutments. The anticipated total scour for the 100-Year flood at Piers 1 and 2 is 0 feet and 7.28 feet, 

respectively. The anticipated total scour for the 100-Year flood at Piers 3 and 4 is 7.3 feet and 6.63 feet, 

respectively.  

11.6 Environmental Concerns 

Because of the proximity of the proposed structure to a Superfund Site care should be taken to avoid 

disturbance of the landfill cap, during construction of the south abutment.  

11.7 Dewatering and Drainage 

Groundwater may be encountered during excavation at the abutments. Any groundwater that flows into 

the excavation can be removed using a sump and pump. The contractor is responsible for maintaining dry 

conditions during construction.  

11.8 Protection of Existing Utilities 

Overhead utilities were observed at east side of the existing structure, along the relocated alignment. 

Underground utilities in the vicinity of the proposed structure should be located by calling Miss Utility 

prior to excavation. The effects of construction activity on the 72-inch forced sewer main should be 
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minimized. The area in the immediate vicinity of the pipe should be delineated to restrict construction 

activity around the pipe. 

11.9 Preconstruction Survey for adjacent structures 

Vibration Monitoring is recommended at the 72-inch forced sewer main. 

12.0 BASIS FOR RECOMMENDATIONS 

The recommendations are based on the information available at the time of writing this report. The report 

should be revised as new information becomes available. Stub abutments and piers on drilled shafts were 

the most suitable substructure options, given the concerns about vibration affecting the 72-inch forced 

sewer main.   
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FINAL FOUNDATION REPORT (REV. November 2014) 

BR 1-159 - Newport Bridge 

James Street Over Christina River 

New Castle County, Delaware 
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2.53

5.06

7.59

10.12

12.65

15.18

1

2

3

4

5

6

7

2.0'

4.0'
4.0'

6.0'
6.0'

8.0'
8.0'

10.0'
10.0'

12.0'
12.0'

14.0'
14.0'

16.0'

6
10
10
9

7
50

2
4
8
7

6
11
9
6

4
4
4
8

3
2
2
3

2
2
2
2

Moist loose brown coarse sandy fine gravel w/
some fine sand, trace of silt.

6" RECOVERY
Moist very dense gray coarse to fine sand w/some
fine gravel and silt.

3" RECOVERY
Moist medium dense grayish tan silty fine to coarse
sand and fine gravel.

16" RECOVERY
Moist medium dense black silty fine gravel and
coarse sand w/some fine sand, trace of clay.

15" RECOVERY
No sieve analysis - Indication of moist loose gray
clayey sand, trace of fine gravel.

7" RECOVERY
Saturated soft gray clay w/trace of coarse to fine
sand, fine gravel and silt.

20" RECOVERY
Saturated soft tan organic clay w/some coarse sand,
trace of fine sand and silt.

18" RECOVERY

A-1-b

A-1-b

A-1-b

A-2-4(0)

A-7-6(13)

A-7-5(17)

6" hot-mix and 18"
crushed stone. Fill

Fill

Fill

Fill

Fill

Casing set @ 15'

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH

BORING JS-2
Project Name: James Street Bridge Location: Newport, DE
State Contract #: T201207101 Federal Contract #:
Station/Offset: Northing: Easting:
Boring Surface Elev.: Reference:
Date Started: 5/31/12 Date Completed: 6/5/12
Wt. of Sample Hammer: 140 Lbs. Average Fall: 30 IN.
Type of: D-Sampler: Split Barrel O.D. O.D. of Sampler: 2 IN.

S-Sampler: O.D. O.D. of Samp. Tube: IN.
U-Sampler: O.D. O.D. of Samp. Tube: IN.
Core Bit: O.D. O.D. of Rock Core: IN.

Hollow Stem Auger Diameter: 3 1/4" Inches From Depth of: 0.0 To: 28.0
Mud Rotary: From Depth of: 28.0 To: 118.2

Water Level Readings
Date Depth to Water (ft) Caved Depth (ft)

5/31/12 28.0

Boring Contractor: Walton Corporation Equipment/Rig Type: CME 55 ATV

Driller: Jason Truver Logged By: Meghan Lester and Chris Costanzi

Remarks: Concrete slab @ 4' +/-

Reviewed By: Hany Fekry Soils Supervisor: Aaron Wieczorek

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks

PAGE 1 OF 6



17.71

20.24

22.77

25.3

27.83

30.36

32.89

35.42

37.95

U-1

9

10

11

U-2

12

13

14

15

16

17

18

16.0'

18.0'
18.0'

20.0'
20.0'

22.0'
22.0'

24.0'
24.0'

26.0'
26.0'

28.0'
28.0'

30.0'
30.0'

32.0'
32.0'

34.0'
34.0'

36.0'
36.0'

38.0'
38.0'

40.0'

1
2
3
3

4
3
4
3

1
1
1
2

1
1
1
2

1
2
3
7

7
9
6
8

9
8

12
10

9
15
30
40

1
3

15
19

16
13
16
15

Saturated dark gray organic clay w/some fine
gravel, trace of fine to coarse sand and silt.

24" RECOVERY
Saturated firm dark gray organic clay w/some
coarse to fine sand, trace of silt.

24" RECOVERY
Saturated firm gray organic clay w/trace of coarse
to fine sand and silt.

24" RECOVERY
Saturated soft gray organic coarse sandy clay w/
trace of fine sand and silt.

24" RECOVERY

24" RECOVERY
Saturated soft gray organic coarse sandy clay w/
trace of fine sand and silt.

24" RECOVERY
Saturated soft tannish gray coarse sand w/some
fine sand and silt, trace of fine gravel.

20" RECOVERY
Saturated medium dense tannish gray fine gravelly
coarse to fine sand w/trace of silt.

20" RECOVERY
Saturated medium dense gray coarse to fine sand
w/some fine gravel, trace of silt.

14" RECOVERY
Saturated dense gray coarse sandy fine gravel w/
some fine sand, trace of silt.

12" RECOVERY
Saturated very stiff tan fine sandy clay w/some silt,
trace of coarse sand and fine gravel.

21" RECOVERY
Saturated medium dense tan fine to coarse sand w/
some silt, trace of fine gravel.

12" RECOVERY

A-7-5(12)

A-7-5(15)

A-7-5(22)

A-7-5(16)

A-7-5(14)

A-1-b

A-1-b

A-1-b

A-1-b

A-6(3)

A-2-4(0)

Shelby Tube - Press
Sample

Shelby Tube - Press
Sample

Potomac Formation at 37'

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-2
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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40.48

43.01

45.54

48.07

50.6

53.13

55.66

58.19

60.72

63.25

19

20

21

22

23

24

40.0'

42.0'
42.0'

44.0'

48.0'

50.0'

53.0'

55.0'

58.0'

60.0'

63.0'

3
5
7

10

16
14
14
15

4
16
30
21

7
7
5
4

5
6
8
8

4
5

12
15

Saturated stiff red silty fine sandy clay w/trace of
coarse sand.

19" RECOVERY
Saturated very stiff red clayey fine sandy silt w/
some coarse sand and fine gravel.

Saturated dense brown clayey fine sand w/some
fine gravel and silt, trace of coarse sand.

20" RECOVERY

Saturated stiff brown fine to coarse sandy clay w/
trace of fine gravel and silt.

24" RECOVERY

Saturated stiff brown clayey fine sandy silt w/some
fine gravel, trace of coarse sand.

20" RECOVERY

Saturated medium dense brown silty coarse to fine
sand and fine gravel.

A-6(8)

A-4(1)

A-2-4(0)

A-6(1)

A-4(2)

A-1-b

4" Casing set @ 42'

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-2
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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65.78

68.31

70.84

73.37

75.9

78.43

80.96

83.49

86.02

25

26

27

28

65.0'

68.0'

70.0'

73.0'

75.0'

78.0'

80.0'

83.0'

85.0'

2
3

10
5

5
8

10
11

12
11
20
28

9
15
23
28

18" RECOVERY

Saturated medium dense brown coarse to fine sand
w/some silt, trace of fine gravel.

20" RECOVERY

Saturated very stiff brown fine sandy clay w/trace
of coarse sand, fine gravel and silt.

24" RECOVERY

Saturated hard brown fine sandy clay w/trace of
coarse san, fine gravel and silt.

24" RECOVERY

Saturated hard brown clay w/some fine sand, trace
of coarse sand, fine gravel and silt.

24" RECOVERY

A-1-b

A-7-6(5)

A-7-6(8)

A-7-5(11)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-2
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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88.55

91.08

93.61

96.14

98.67

101.2

103.73

106.26

108.79

111.32

29

30

31

32

33

88.0'

90.0'

93.0'

95.0'

98.0'

100.0'

103.0'

105.0'

108.0'

110.0'

11
23
38
45

10
17
27
50

18
20
24
29

26
33
50

37
50

Saturated hard grayish red clayey fine sandy silt w/
trace of coarse sand and fine gravel. Weathered
Rock.

24" RECOVERY

Saturated hard grayish red fine sandy silt w/trace of
coarse sand.  Weathered Rock.

21" RECOVERY

Saturated hard grayish brown fine sandy clay w/
some silt, trace of coarse sand and fine gravel.
Weathered Rock.

24" RECOVERY

Saturated very dense grayish brown silty fine sand
w/some coarse sand and fine gravel.  Weathered
Rock.

15" RECOVERY

Saturated very dense gray silty fine sand w/some
coarse sand and fine gravel.  Weathered Rock.

7" RECOVERY

A-5(5)

A-4(0)

A-6(3)

A-2-4(0)

A-2-4(0)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-2
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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113.85

116.38

118.91

121.44

123.97

126.5

129.03

131.56

134.09

34

35

113.0'

115.0'

118.0'

120.0'

18
34
45
50

50

Saturated very dense gray silty fine gravelly fine
sand w/trace of coarse sand.  Weathered Rock.

21" RECOVERY

No sieve analysis - Indication of saturated hard
gray weathered rock.
End Boring

2" RECOVERY

A-2-4(0)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-2
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks

PAGE 6 OF 6



1. Exploratory borings were drilled using a 3 1/4 - inch diameter hollow    stem
auger.

2. No free water was encountered at the time of drilling or
   when re-checked the following day, unless recorded on 1st page.

3. Boring locations were taped from existing features and
   elevations extrapolated from survey unless otherwise reported.

4. These logs are subject to the limitations, conclusions, and
   recommendations in this report.

5. Results of tests conducted on samples recovered are reported
   on the logs.

6. All blow counts are uncorrected.

Notes:

Symbol Description

Strata symbols

Well graded gravels and sands

Poorly graded, silty or clayey
sands and gravel

Expansive plastic clays

Plastic clays

Silty soils

Elastic Silts

Misc. Symbols

Water table during
drilling

KEY TO SYMBOLS



2.53

5.06

7.59

10.12

12.65

1

2

3

4

5

6

7

0.0'

2.0'
2.0'

4.0'
4.0'

6.0'
6.0'

8.0'
8.0'

10.0'
10.0'

12.0'
12.0'

14.0'

4
7
7

23

20
11
7
9

3
3
3
4

3
4
3
3

3
9

41
3

2
2
2
2

WH
1
1
2

Moist very stiff brown coarse sandy silt w/some
fine sand, trace of fine gravel and clay.

18" RECOVERY
Moist medium dense gray fine gravel w/trace of
fine to coarse sand and silt.

10" RECOVERY
Moist loose brown clayey fine gravel w/some
coarse to fine sand and silt.

20" RECOVERY
Wet firm grayish brown coarse to fine sandy silt w/
some clay, trace of fine gravel.

20" RECOVERY
Wet dense gray silty fine gravel w/some coarse to
fine sand and clay.

6" RECOVERY
Saturated soft grayish brown fine gravelly clay w/
some silt and fine sand, trace of coarse sand.

6" RECOVERY
Saturated soft gray clay w/some coarse sand and
silt, trace of fine sand.

24" RECOVERY

A-4(0)

A-1-a

A-2-4(0)

A-4(0)

A-2-4(0)

A-6(3)

A-7-5(15)

4" hot-mix. Fill

Fill

Fill

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH

BORING JS-3
Project Name: James Street Bridge Location: Newport, DE
State Contract #: T201207101 Federal Contract #:
Station/Offset: Northing: Easting:
Boring Surface Elev.: Reference:
Date Started: 5/31/12 Date Completed: 6/6/12
Wt. of Sample Hammer: 140 Lbs. Average Fall: 30 IN.
Type of: D-Sampler: Split Barrel O.D. O.D. of Sampler: 2 IN.

S-Sampler: O.D. O.D. of Samp. Tube: IN.
U-Sampler: O.D. O.D. of Samp. Tube: IN.
Core Bit: O.D. O.D. of Rock Core: IN.

Hollow Stem Auger Diameter: 3 1/4" Inches From Depth of: 0.0 To: 36.0
Mud Rotary: From Depth of: 36.0 To: 118.0

Water Level Readings
Date Depth to Water (ft) Caved Depth (ft)

5/31/12 10.0

Boring Contractor: Walton Corporation Equipment/Rig Type: CME 55 Truck

Driller: Bill Holden Logged By: Chris Costanzi

Remarks:

Reviewed By: Hany Fekry Soils Supervisor: Aaron Wieczorek

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks

PAGE 1 OF 6



15.18

17.71

20.24

22.77

25.3

27.83

30.36

32.89

35.42

37.95

8

9

10

11

U-1

13

14

15

16

17

18

19

14.0'

16.0'
16.0'

18.0'
18.0'

20.0'
20.0'

22.0'
22.0'

24.0'
24.0'

26.0'
26.0'

28.0'
28.0'

30.0'
30.0'

32.0'
32.0'

34.0'
34.0'

36.0'
36.0'

38.0'

32
32
12

8
11
7
5

5
2
1
1

2
2
2
1

WR
3
2
8

1
5
8

16

23
28
21
25

4
3
5

12

10
15
15
17

14
17
16
15

16
22
50

No sieve analysis - Indication of saturated hard
gray wet very stiff silt.

4" RECOVERY
No sieve analysis - Indication of saturated hard
gray organic wet very stiff silt.

6" RECOVERY
No sieve analysis - Indication of saturated hard
gray organic wet very stiff silt.

2" RECOVERY
Saturated soft gray organic silty clay w/some fine
to coarse sand.

24" RECOVERY

24" RECOVERY
Saturated loose gray coarse to fine sand w/trace of
silt and fine gravel.

24" RECOVERY
Saturated medium dense gray coarse to fine sand
w/trace of fine gravel and silt.

24" RECOVERY
Saturated dense gray coarse sand w/some fine
gravel, trace of fine sand and silt.

24" RECOVERY
Saturated loose gray coarse to fine sand w/trace of
fine gravel and silt.

24" RECOVERY
Saturated medium dense gray fine gravelly coarse
to fine sand w/trace of silt.

20" RECOVERY
Saturated dense grayish brown coarse sandy fine
gravel w/some fine sand, trace of silt.

18" RECOVERY
Saturated medium dense grayish brown coarse
sandy fine gravel w/some fine sand, trace of silt.

16" RECOVERY

A-6(9)

A-1-b

A-1-b

A-1-b

A-1-b

A-1-b

A-1-b

A-1-a

Shelby Tube - Press
Sample

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-3
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks

PAGE 2 OF 6



40.48

43.01

45.54

48.07

50.6

53.13

55.66

58.19

60.72

20

21

22

23

24

25

38.0'

40.0'
40.0'

42.0'

43.0'

45.0'

48.0'

50.0'

53.0'

55.0'

58.0'

60.0'

7
12
20
16

9
12
18
22

5
6
8

10

6
7
4
6

19
14
11
17

11
12
17
9

Saturated hard reddish brown clayey fine to coarse
sandy silt w/trace of fine gravel.

24" RECOVERY
Saturated medium dense reddish brown clayey fine
sand w/some coarse sand, fine gravel and silt.

10" RECOVERY

Saturated medium dense brown clayey fine to
coarse sand w/some silt, trace of fine gravel.

15" RECOVERY

Saturated medium dense brown silty fine to coarse
sand.

20" RECOVERY

Saturated medium dense brown silty fine sand w/
some coarse sand, trace of fine gravel.

20" RECOVERY

Saturated medium dense brown clayey fine to
coarse sand and fine gravel w/some silt.

20" RECOVERY

A-4(1)

A-2-4(0)

A-2-4(0)

A-2-4(0)

A-2-4(0)

A-2-6(0)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-3
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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63.25

65.78

68.31

70.84

73.37

75.9

78.43

80.96

83.49

26

27

28

29

30

63.0'

65.0'

68.0'

70.0'

73.0'

75.0'

78.0'

80.0'

83.0'

85.0'

10
10
13
11

4
5
5
5

5
6

10
9

11
7

11
20

15
20
17
27

Saturated medium dense brown silty fine to coarse
sand w/trace of fine gravel.

18" RECOVERY

Saturated stiff grayish brown clayey fine sandy silt
w/some coarse sand, trace of fine gravel.

20" RECOVERY

Saturated very stiff grayish brown fine to coarse
sandy clay w/some silt.

24" RECOVERY

Saturated very stiff gray clayey fine to coarse
sandy silt.

24" RECOVERY

Saturated hard gray fine sandy silt w/some coarse
sand, trace of fine gravel.

24" RECOVERY

A-2-4(0)

A-4(1)

A-6(4)

A-4(1)

A-4(0)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-3
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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88.55

91.08

93.61

96.14

98.67

101.2

103.73

106.26

108.79

31

32

33

34

35

88.0'

90.0'

93.0'

95.0'

98.0'

100.0'

103.0'

105.0'

108.0'

13
23
38
50

15
23
34
50

14
22
23
34

23
24
40
50

33
50

Saturated hard gray clayey coarse to fine sandy silt
w/trace of fine gravel. (Weathered Rock)

24" RECOVERY

Saturated hard gray clayey fine sandy silt w/some
coarse sand. (Weathered Rock)

24" RECOVERY

Saturated hard grayish brown fine sandy clay w/
some coarse sand and silt, trace of fine gravel.
(Weathered Rock)

24" RECOVERY

Saturated very dense bluish gray clayey fine to
coarse sand w/some silt, trace of fine gravel.
(Weathered Rock)

23" RECOVERY

Saturated very dense bluish gray clayey fine sand
w/some coarse sand and silt, trace of fine gravel.

A-4(1)

A-4(2)

A-7-6(11)

A-2-7(1)

A-2-4(0)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-3
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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111.32

113.85

116.38

118.91

121.44

123.97

126.5

129.03

131.56

36

37

110.0'

113.0'

115.0'

118.0'

120.0'

50

50

11" RECOVERY

No sieve analysis - Indication of blue grey
weathered rock.

2" RECOVERY

End Boring.

NR" RECOVERY

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-3
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks

PAGE 6 OF 6



1. Exploratory borings were drilled using a 3 1/4 - inch diameter hollow    stem
auger.

2. No free water was encountered at the time of drilling or
   when re-checked the following day, unless recorded on 1st page.

3. Boring locations were taped from existing features and
   elevations extrapolated from survey unless otherwise reported.

4. These logs are subject to the limitations, conclusions, and
   recommendations in this report.

5. Results of tests conducted on samples recovered are reported
   on the logs.

6. All blow counts are uncorrected.

Notes:

Symbol Description

Strata symbols

Silty soils

Well graded gravels and sands

Poorly graded, silty or clayey
sands and gravel

Plastic clays

Expansive plastic clays

Misc. Symbols

Water table during
drilling

KEY TO SYMBOLS



2.53

5.06

7.59

10.12

12.65

1

2A

2B

3

4

U-1

5

6

0.0'

2.0'
2.0'

3.0'
3.0'

4.0'
4.0'

6.0'
6.0'

8.0'
8.0'

10.0'
10.0'

12.0'
12.0'

14.0'

4
4
5

4
4

5
3

1
2
2
2

2
1
2
2

WH
1
1
1

WH
1
1
1

Wet stiff brown fine to coarse sandy silt w/trace of
fine gravel.

18" RECOVERY
Wet loose brown silty fine to coarse sand w/some
fine gravel.

6" RECOVERY
Saturated firm gray clayey silt w/trace of fine to
coarse sand and fine gravel.

12" RECOVERY
Saturated soft gray silty clay w/trace of fine to
coarse sand and fine gravel.

6" RECOVERY
Saturated soft gray silty clay w/trace of fine to
coarse sand.

14" RECOVERY

24" RECOVERY
Saturated soft gray organic clay w/some silt, trace
of fine to coarse sand.

24" RECOVERY
Saturated soft gray organic clay w/some silt, trace
of fine to coarse sand.

24" RECOVERY

A-4(0)

A-2-4(0)

A-4(9)

A-6(10)

A-6(14)

A-7-5(13)

A-7-5(18)

Shelby Tube - Press
Sample

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH

BORING JS-4
Project Name: James Street Bridge Location: Newport, DE
State Contract #: T201207101 Federal Contract #:
Station/Offset: Northing: Easting:
Boring Surface Elev.: Reference:
Date Started: 8/21/12 Date Completed: 8/23/12
Wt. of Sample Hammer: 140 Lbs. Average Fall: 30 IN.
Type of: D-Sampler: Split Barrel O.D. O.D. of Sampler: 2 IN.

S-Sampler: O.D. O.D. of Samp. Tube: IN.
U-Sampler: O.D. O.D. of Samp. Tube: IN.
Core Bit: O.D. O.D. of Rock Core: IN.

Hollow Stem Auger Diameter: 3 1/4" Inches From Depth of: 0.0 To: 23.0
Mud Rotary: From Depth of: 23.0 To: 118.1

Water Level Readings
Date Depth to Water (ft) Caved Depth (ft)

8/21/12 19.8

Boring Contractor: Walton Corporation Equipment/Rig Type: CME 55 Truck

Driller: Bill Holden Logged By: Kat Kershaw

Remarks: 5' of 8" casing set, 48' of 4" casing set.

Reviewed By: Soils Supervisor:

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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15.18

17.71

20.24

22.77

25.3

27.83

30.36

32.89

35.42

37.95

7

8

9

10

11

12

14.0'

16.0'
16.0'

18.0'
18.0'

20.0'

23.0'

25.0'

28.0'

30.0'

33.0'

35.0'

1
1
1
2

1
2
2
2

1
1
1
1

1
3
5
8

22
28
8
8

7
8

11
23

Saturated soft gray organic clay w/some silt, trace
of fine to coarse sand.

24" RECOVERY
Saturated soft gray organic clay w/some silt, trace
of fine to coarse sand.

24" RECOVERY
Saturated soft gray clay w/some silt, trace of coarse
to fine sand.

24" RECOVERY

Saturated loose gray coarse sand w/some fine sand
and fine gravel, trace of silt.

24" RECOVERY

Saturated dense orange fine gravel w/some coarse
to fine sand and silt.

12" RECOVERY

Saturated very stiff yellow clayey fine sandy silt w/
trace of coarse sand and fine gravel.

24" RECOVERY

A-7-5(19)

A-7-5(15)

A-7-5(22)

A-1-b

A-1-a

A-4(1)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-4
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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40.48

43.01

45.54

48.07

50.6

53.13

55.66

58.19

60.72

13

14

15

16

17

38.0'

40.0'

43.0'

45.0'

48.0'

50.0'

53.0'

55.0'

58.0'

60.0'

8
9
9
9

11
14
18
19

28
20
20
20

18
19
15
12

8
10
12
14

Saturated medium dense tan silty fine to coarse
sand w/trace of fine gravel.

22" RECOVERY

Saturated dense tan silty fine to coarse sand w/trace
of fine gravel.

24" RECOVERY

Saturated dense tan coarse to fine sand w/some fine
gravel and silt.

24" RECOVERY

No Recovery

NR" RECOVERY

No Recovery

NR" RECOVERY

A-2-4(0)

A-2-4(0)

A-1-b

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-4
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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63.25

65.78

68.31

70.84

73.37

75.9

78.43

80.96

83.49

18

19

20

21

22

63.0'

65.0'

68.0'

70.0'

73.0'

75.0'

78.0'

80.0'

83.0'

85.0'

5
7
9
9

6
6
8

12

6
10
15
40

10
15
25
29

13
20
20
26

No Recovery

NR" RECOVERY

Saturated stiff yellow clay w/some silt and fine
sand, trace of coarse sand.

24" RECOVERY

Saturated very stiff gray clay w/some fine to coarse
sand and fine gravel, trace of silt.

24" RECOVERY

Saturated hard gray fine sandy clay w/trace of
coarse sand and silt.

24" RECOVERY

Saturated hard gray fine sandy clay w/trace of
coarse sand and silt.

24" RECOVERY

A-7-5(18)

A-7-5(9)

A-7-6(8)

A-7-6(9)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-4
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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88.55

91.08

93.61

96.14

98.67

101.2

103.73

106.26

108.79

23

24

25

26

27

88.0'

90.0'

93.0'

95.0'

98.0'

100.0'

104.7'

106.7'

108.0'

15
18
28
36

15
17
28
29

12
13
25
48

19
40
48
50

50

Saturated hard gray fine sandy clay w/some silt,
trace of coarse sand.

24" RECOVERY

Saturated hard gray silty fine sandy clay w/trace of
coarse sand.

24" RECOVERY

Saturated hard green fine sandy clay w/some
coarse sand, trace of silt.

24" RECOVERY

Saturated hard greenish brown fine sandy silt w/
some coarse sand and clay.

21" RECOVERY

No sieve analysis - Indication of saturated dense
gray silty sand.

A-6(3)

A-6(6)

A-7-5(7)

A-4(0)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-4
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks

PAGE 5 OF 6



111.32

113.85

116.38

118.91

121.44

123.97

126.5

129.03

131.56

28

29

110.0'

113.2'

115.2'

118.0'

120.0'

50

50

2" RECOVERY

No sieve analysis - Indication of saturated dense
gray silty sand. (Weathered Rock)

2" RECOVERY

No Recovery

NR" RECOVERY

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-4
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks

PAGE 6 OF 6



1. Exploratory borings were drilled using a 3 1/4 - inch diameter hollow    stem
auger.

2. No free water was encountered at the time of drilling or
   when re-checked the following day, unless recorded on 1st page.

3. Boring locations were taped from existing features and
   elevations extrapolated from survey unless otherwise reported.

4. These logs are subject to the limitations, conclusions, and
   recommendations in this report.

5. Results of tests conducted on samples recovered are reported
   on the logs.

6. All blow counts are uncorrected.

Notes:

Symbol Description

Strata symbols

Silty soils

Poorly graded, silty or clayey
sands and gravel

Plastic clays

Expansive plastic clays

Well graded gravels and sands

Misc. Symbols

Water table during
drilling

KEY TO SYMBOLS



20.24

22.77

25.3

27.83

30.36

32.89

1

2

3

4

5

20.0'

22.0'
22.0'

24.0'
24.0'

26.0'
26.0'

28.0'

33.0'

1
2
2
2

6
WH

WH

1
2

8
6
4
6

Saturated soft gray clayey silt w/some fine sand,
trace of coarse sand and fine gravel.

4" RECOVERY
No Sample

NR" RECOVERY
No Sample

NR" RECOVERY
Saturated soft gray clayey fine sandy silt w/some
coarse sand and fine gravel.

WH" RECOVERY

Saturated loose tan fine gravelly coarse to fine sand
w/trace of silt.

A-4(7)

A-4(0)

A-1-b

River Mud

River Mud

River Mud

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH

BORING JS-5
Project Name: James Street Bridge Location: Newport, DE
State Contract #: T201207101 Federal Contract #:
Station/Offset: Northing: Easting:
Boring Surface Elev.: Reference:
Date Started: 8/7/12 Date Completed:
Wt. of Sample Hammer: 140 Lbs. Average Fall: 30 IN.
Type of: D-Sampler: Split Barrel O.D. O.D. of Sampler: 2 IN.

S-Sampler: O.D. O.D. of Samp. Tube: IN.
U-Sampler: O.D. O.D. of Samp. Tube: IN.
Core Bit: O.D. O.D. of Rock Core: IN.

Hollow Stem Auger Diameter: 3 1/4" Inches From Depth of: 0.0 To: 28.0
Mud Rotary: From Depth of: 28.0 To: 120.0

Water Level Readings
Date Depth to Water (ft) Caved Depth (ft)

Boring Contractor: Walton Corporation Equipment/Rig Type: CME 55 Truck

Driller: Bill Holden Logged By: Meghan Lester

Remarks: Mudline @ 20'

Reviewed By: Hany Fekry Soils Supervisor: Aaron Wieczorek

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks

PAGE 1 OF 5



35.42

37.95

40.48

43.01

45.54

48.07

50.6

53.13

55.66

6

7

8

9

35.0'

38.0'

40.0'

43.0'

45.0'

48.0'

50.0'

53.0'

55.0'

7
6
7
7

7
14
15
15

9
8
8
8

9
8
9

15

14" RECOVERY

Saturated medium dense red silty coarse to fine
sand w/trace of fine gravel.

11" RECOVERY

Saturated medium dense tan fine to coarse sand w/
some silt.

20" RECOVERY

Saturated medium dense tan silty fine to coarse
sand w/trace of fine gravel.

15" RECOVERY

Saturated medium dense yellow coarse to fine sand
w/some silt, trace of fine gravel.

20" RECOVERY

A-2-4(0)

A-2-4(0)

A-2-4(0)

A-1-b

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-5
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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60.72

63.25

65.78

68.31

70.84

73.37

75.9

78.43

80.96

10

11

12

13

14

58.0'

60.0'

63.0'

65.0'

68.0'

70.0'

73.0'

75.0'

78.0'

80.0'

12
11
8

11

13
6
9

14

6
9

13
17

5
12
11
15

9
19
26
37

Saturated medium dense yellows coarse to fine
sand and fine gravel w/some silt.

12" RECOVERY

Saturated stiff yellow coarse sandy clay w/some
fine sand and fine gravel, trace of silt.

18" RECOVERY

Saturated very stiff grayish tan fine sandy clay w/
some silt, trace of coarse sand.

21" RECOVERY

Saturated very stiff grayish brown fine sandy clay
w/some coarse sand and silt.

24" RECOVERY

Saturated hard reddish brown fine sandy clay w/
some coarse sand and silt.

24" RECOVERY

A-1-b

A-7-6(2)

A-7-5(16)

A-7-5(10)

A-7-5(14)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-5
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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83.49

86.02

88.55

91.08

93.61

96.14

98.67

101.2

103.73

15

16

17

18

19

83.0'

85.0'

88.0'

90.0'

93.0'

95.0'

98.0'

100.0'

103.0'

105.0'

21
32
50

15
34
50

16
19
22
30

18
28
52

26
28
50

Saturated hard grayish fine sandy clay w/some
coarse sand and silt.

18" RECOVERY

Saturated hard grayish brown fine sandy clay w/
some coarse sand and silt.

24" RECOVERY

Saturated hard reddish brown fine sandy clay w/
some silt, trace of coarse sand.

24" RECOVERY

Saturated very dense grayish brown clayey fine to
coarse sand w/trace of silt and fine gravel.
(Weathered Rock)

18" RECOVERY

Saturated very dense grayish brown silty fine sand
w/some coarse sand, trace of fine gravel.
(Weathered Rock)

16" RECOVERY

A-7-5(7)

A-7-5(6)

A-7-6(6)

A-2-7(1)

A-2-4(0)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-5
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks

PAGE 4 OF 5



106.26

108.79

111.32

113.85

116.38

118.91

121.44

123.97

126.5

129.03

20

21

22

108.0'

110.0'

113.0'

115.0'

118.0'

120.0'

50

50

50

Saturated hard green fine to coarse sandy clay w/
some silt, trace of fine gravel. (Highly Weathered
Rock)

2" RECOVERY

Saturated hard green clayey fine sandy silt w/trace
of coarse sand. (Highly Weathered Rock)

2" RECOVERY

Saturated dense green silty coarse to fine sand w/
some fine gravel. (Highly   Weathered Rock)

2" RECOVERY

A-6(2)

A-4(0)

A-1-b

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-5
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks

PAGE 5 OF 5



1. Exploratory borings were drilled using a 3 1/4 - inch diameter hollow    stem
auger.

2. No free water was encountered at the time of drilling or
   when re-checked the following day, unless recorded on 1st page.

3. Boring locations were taped from existing features and
   elevations extrapolated from survey unless otherwise reported.

4. These logs are subject to the limitations, conclusions, and
   recommendations in this report.

5. Results of tests conducted on samples recovered are reported
   on the logs.

6. All blow counts are uncorrected.

Notes:

Symbol Description

Strata symbols

Silty soils

Well graded gravels and sands

Poorly graded, silty or clayey
sands and gravel

Expansive plastic clays

Plastic clays

KEY TO SYMBOLS



25.3

27.83

30.36

32.89

35.42

1

2

3

4

5

6

23.0'

25.0'
25.0'

27.0'
27.0'

29.0'
29.0'

31.0'
31.0'

33.0'
33.0'

35.0'

WH

17
13
6

WH

WH

WH

7
5
7
6

3
3
6
7

River Mud.

4" RECOVERY
Saturated medium dense gray coarse sandy fine
gravel w/some silt, trace of fine sand.

24" RECOVERY
Saturated soft dark gray organic fine sandy silt w/
some coarse sand.

24" RECOVERY
Saturated soft dark gray clayey fine sandy silt w/
trace of coarse sand.

24" RECOVERY
Saturated medium dense orange fine to coarse sand
w/some silt, trace of fine gravel.

13" RECOVERY
Saturated loose orange clayey coarse to fine sand
w/some silt, trace of fine gravel.

14" RECOVERY

A-4(0)

A-1-a

A-5(0)

A-4(3)

A-2-4(0)

A-2-6(1)

River Mud

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH

BORING JS-6
Project Name: James Street Bridge Location: Newport, DE
State Contract #: T201207101 Federal Contract #:
Station/Offset: Northing: Easting:
Boring Surface Elev.: Reference:
Date Started: 8/16/12 Date Completed: 8/20/12
Wt. of Sample Hammer: 140 Lbs. Average Fall: 30 IN.
Type of: D-Sampler: Split Barrel O.D. O.D. of Sampler: 2 IN.

S-Sampler: O.D. O.D. of Samp. Tube: IN.
U-Sampler: O.D. O.D. of Samp. Tube: IN.
Core Bit: O.D. O.D. of Rock Core: IN.

Hollow Stem Auger Diameter: 3 1/4" Inches From Depth of: 23.0 To: 118.0
Mud Rotary: From Depth of: To:
Water Level Readings

Date Depth to Water (ft) Caved Depth (ft)

Boring Contractor: Walton Corporation Equipment/Rig Type: CME 55 Truck

Driller: Bill Holden Logged By: KK, JL and CC

Remarks: Boring performed through bridge deck.  8" casing set to 20', 4" casing set to 40'.

Reviewed By: Hany Fekry Soils Supervisor: Aaron Wieczorek

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks

PAGE 1 OF 5



37.95

40.48

43.01

45.54

48.07

50.6

53.13

55.66

58.19

60.72

7

8

9

10

11

38.0'

40.0'

43.0'

45.0'

48.0'

50.0'

53.0'

55.0'

58.0'

60.0'

WH
1
3
8

12
11
8
7

7
8
7
7

6
6
7

10

4
4
5
7

Saturated soft pinkish white clay w/some silt and
fine sand, trace of coarse sand.

16" RECOVERY

Saturated medium dense orangish tan coarse to fine
sand w/some silt, trace of fine gravel.

17" RECOVERY

Saturated medium dense orange organic silty fine
sand w/some coarse sand, fine gravel and clay.

20" RECOVERY

Saturated medium dense tannish orange silty coarse
to fine sand w/some fine gravel.

16" RECOVERY

Saturated stiff gray silty fine sandy clay w/trace of
coarse sand and fine gravel.

17" RECOVERY

A-7-6(21)

A-2-4(0)

A-2-4(0)

A-2-4(0)

A-6(7)

Hole Caved up to 40'.
Rewash

Boring Advanced using
roller bit. Quick gel/soda
ash water mud mix.

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-6
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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63.25

65.78

68.31

70.84

73.37

75.9

78.43

80.96

83.49

12

13

14

15

16

63.0'

65.0'

68.0'

70.0'

73.0'

75.0'

78.0'

80.0'

83.0'

7
10
13
13

10
13
18
19

11
22
24
28

11
17
16
19

8
9

15
15

Saturated very stiff green fine sandy clay w/some
silt, trace of coarse sand.

21" RECOVERY

Saturated hard green fine sandy clay w/some silt,
trace of coarse sand.

20" RECOVERY

Saturated hard green fine sandy clay w/some silt,
trace of coarse sand.

24" RECOVERY

Saturated hard grayish brown fine sandy clay w/
some silt, trace of coarse sand.

24" RECOVERY

Saturated very stiff green clay w/some fine sand
and silt, trace of coarse sand.

A-7-5(14)

A-7-5(13)

A-7-6(6)

A-7-6(7)

A-7-5(22)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-6
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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86.02

88.55

91.08

93.61

96.14

98.67

101.2

103.73

106.26

108.79

17

18

19

20

21

85.0'

88.0'

90.0'

93.0'

95.0'

98.0'

100.0'

103.0'

105.0'

108.0'

13
22
32
40

22
26
24
32

22
28
28
22

50

24" RECOVERY

Saturated hard green fine sandy clay w/some silt,
trace of coarse sand.

24" RECOVERY

Saturated hard reddish brown clay w/some coarse
to fine sand and silt.

24" RECOVERY

Saturated hard bluish gray fine sandy clay w/trace
of coarse sand and silt.

24" RECOVERY

Saturated dense bluish gray silty fine to coarse
sand.

5" RECOVERY

50" RECOVERY
No Sample

A-7-5(14)

A-7-5(17)

A-7-6(3)

A-2-4(0)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-6
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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111.32

113.85

116.38

118.91

121.44

123.97

126.5

129.03

131.56

22

23

113.0'

118.0'

50" RECOVERY
No Sample

50" RECOVERY
End Boring.

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-6
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks

PAGE 5 OF 5



1. Exploratory borings were drilled using a 3 1/4 - inch diameter hollow    stem
auger.

2. No free water was encountered at the time of drilling or
   when re-checked the following day, unless recorded on 1st page.

3. Boring locations were taped from existing features and
   elevations extrapolated from survey unless otherwise reported.

4. These logs are subject to the limitations, conclusions, and
   recommendations in this report.

5. Results of tests conducted on samples recovered are reported
   on the logs.

6. All blow counts are uncorrected.

Notes:

Symbol Description

Strata symbols

Silty soils

Well graded gravels and sands

Elastic Silts

Poorly graded, silty or clayey
sands and gravel

Expansive plastic clays

Plastic clays

KEY TO SYMBOLS



5.06

7.59

10.12

12.65

15.18

1

2

3

4

5

6

7

8

2.5'

4.0'
4.0'

6.0'
6.0'

8.0'
8.0'

10.0'
10.0'

12.0'
12.0'

14.0'
14.0'

16.0'
16.0'

2
4
3

2
5

50

3
2
2
3

2
2
3
4

3
2
1
1

17
9
7
6

3
2
2
1

3
5
3

Wet firm brown clayey silt w/some coarse to fine
sand, trace of fine gravel.

12" RECOVERY
Wet very dense brown fine gravel w/some fine to
coarse sand and silt.

10" RECOVERY
Wet soft brown clayey coarse sandy fine gravelly
silt w/some fine sand.

16" RECOVERY
Wet firm brown clayey silt w/some fine to coarse
sand, trace of fine gravel.

24" RECOVERY
Saturated soft gray clayey silt w/some coarse to
fine sand and fine gravel.

20" RECOVERY
Saturated very stiff gray clayey fine gravelly silt w/
some fine to coarse sand.

16" RECOVERY
Saturated loose gray clayey fine gravel w/some
fine to coarse sand and silt.

15" RECOVERY
Saturated firm gray clayey fine gravelly silt w/

A-4(2)

A-1-b

A-4(0)

A-4(2)

A-4(1)

A-4(0)

A-2-4(0)

A-4(3)

6" hot-mix, 2' GABC. Fill

Fill

Fill

Fill

Fill

Fill

Fill

Fill

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH

BORING JS-7
Project Name: James Street Bridge Location: Newport, DE
State Contract #: T201207101 Federal Contract #:
Station/Offset: Northing: Easting:
Boring Surface Elev.: Reference:
Date Started: 6/7/12 Date Completed: 6/14/12
Wt. of Sample Hammer: 140 Lbs. Average Fall: 30 IN.
Type of: D-Sampler: Split Barrell O.D. O.D. of Sampler: 2 IN.

S-Sampler: O.D. O.D. of Samp. Tube: IN.
U-Sampler: O.D. O.D. of Samp. Tube: IN.
Core Bit: O.D. O.D. of Rock Core: IN.

Hollow Stem Auger Diameter: 3 1/4" Inches From Depth of: 0.0 To: 42.0
Mud Rotary: From Depth of: 42.0 To: 103.0

Water Level Readings
Date Depth to Water (ft) Caved Depth (ft)

6/8/12 14.8

Boring Contractor: Walton Corporation Equipment/Rig Type: CME 55 Truck

Driller: Jason Truver Logged By: Chris Costanzi

Remarks:

Reviewed By: Hany Fekry Soils Supervisor: Aaron Wieczorek

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks

PAGE 1 OF 5



17.71

20.24

22.77

25.3

27.83

30.36

32.89

35.42

37.95

40.48

9

U-1

11

12

13

14

15

16

17

18

19

20

18.0'
18.0'

20.0'
20.0'

22.0'
22.0'

24.0'
24.0'

26.0'
26.0'

28.0'
28.0'

30.0'
30.0'

32.0'
32.0'

34.0'
34.0'

36.0'
36.0'

38.0'
38.0'

40.0'
40.0'

2

3
2
3
2

2
3
6

10

2
3
6

10

6
7
6
7

5
10
14
13

9
14
20
22

3
8

12
17

8
10
13
15

11
13
9
8

8
10
10
13

8
15

some fine sand, trace of coarse sand.

20" RECOVERY
Saturated firm gray clayey silt w/trace of fine to
coarse sand and fine gravel.

20" RECOVERY

24" RECOVERY
Saturated firm brown clayey fine sandy silt w/some
coarse sand, trace of fine gravel.

14" RECOVERY
Saturated loose tan clayey fine sand w/some coarse
sand, fine gravel and silt.

20" RECOVERY
Saturated stiff reddish brown clayey fine sandy silt
w/trace of coarse sand and fine gravel.

24" RECOVERY
Saturated medium dense reddish brown silty fine
sand w/some coarse sand and fine gravel.

24" RECOVERY
Saturated dense brown clayey fine sand w/some
coarse sand and silt, trace of fine gravel.

24" RECOVERY
Saturated very stiff brown fine sand clay w/some
coarse sand and silt, trace of fine gravel.

20" RECOVERY
Saturated medium dense brown clayey coarse to
fine sand w/some silt, trace of fine gravel.

24" RECOVERY
Saturated very stiff brown silty clay w/some fine
sand, trace of coarse sand and fine gravel.

24" RECOVERY
Saturated very stiff reddish brown clayey fine
sandy silt w/trace of coarse sand and fine gravel.

20" RECOVERY
No sieve analysis - Indication of saturated dense

A-5(9)

A-4(1)

A-2-6(1)

A-4(1)

A-2-4(0)

A-2-4(0)

A-6(1)

A-2-4(0)

A-6(10)

A-4(1)

Shelby Tube - Press
Sample

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-7
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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43.01

45.54

48.07

50.6

53.13

55.66

58.19

60.72

63.25

21

22

23

24

25

42.0'

43.0'

45.0'

48.0'

50.0'

53.0'

55.0'

58.0'

60.0'

63.0'

25
20

15
20
22
16

7
8

13
20

10
6
5

11

5
7
7

13

15
24
24
28

brown sand.

24" RECOVERY

Saturated dense brown silty fine to coarse sand w/
some fine gravel.

20" RECOVERY

Saturated medium dense gray coarse to fine sand
w/some fine gravel and silt.

20" RECOVERY

Saturated medium dense tan fine gravel and coarse
to fine sand w/some silt.

20" RECOVERY

Saturated stiff tan fine sandy clay w/some coarse
sand, trace of silt and fine gravel.

24" RECOVERY

Saturated hard grayish brown fine sandy clay w/
some silt, trace of coarse sand. (Weathered Rock)

A-2-4(0)

A-1-b

A-1-b

A-7-5(4)

A-7-5(5)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-7
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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65.78

68.31

70.84

73.37

75.9

78.43

80.96

83.49

86.02

26

27

28

29

30

65.0'

68.0'

70.0'

73.0'

75.0'

78.0'

80.0'

83.0'

85.0'

88.0'

14
23
39
37

27
45
50

24
25
50

19
25
24
50

21

24" RECOVERY

Saturated hard grayish brown fine sandy clay w/
some coarse sand, trace of silt. (Weathered Rock)

24" RECOVERY

Saturated hard bluish gray clayey fine to coarse
sandy silt. (Weathered Rock)

15" RECOVERY

Saturated hard bluish gray clayey fine sandy silt w/
trace of coarse sand. (Wea t hered  Rock)

18" RECOVERY

Saturated hard bluish gray clay w/some fine to
coarse sand and silt. ( Weathered Rock)

23" RECOVERY

A-7-5(3)

A-5(2)

A-5(4)

A-7-5(8)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-7
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks

PAGE 4 OF 5



88.55

91.08

93.61

96.14

98.67

101.2

103.73

106.26

108.79

111.32

31

32

33

90.0'

93.0'

95.0'

98.0'

100.0'

103.0'

105.0'

27
28
41

15
20
20
25

23
44
50

Saturated hard bluish gray fine sandy clay w/some
silt, trace of coarse sand. (Weathered Rock)

24" RECOVERY

Saturated hard bluish gray fine sandy clay w/some
silt, trace of coarse sand and fine gravel.
(Weathered Rock)

24" RECOVERY

Saturated very dense bluish gray silty fine sand w/
some coarse sand.(Weathered Rock)

16" RECOVERY

End Boring.

NR" RECOVERY

A-7-5(8)

A-7-5(8)

A-2-4(0)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-7
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks

PAGE 5 OF 5



1. Exploratory borings were drilled using a 3 1/4 - inch diameter hollow    stem
auger.

2. No free water was encountered at the time of drilling or
   when re-checked the following day, unless recorded on 1st page.

3. Boring locations were taped from existing features and
   elevations extrapolated from survey unless otherwise reported.

4. These logs are subject to the limitations, conclusions, and
   recommendations in this report.

5. Results of tests conducted on samples recovered are reported
   on the logs.

6. All blow counts are uncorrected.

Notes:

Symbol Description

Strata symbols

Silty soils

Well graded gravels and sands

Poorly graded, silty or clayey
sands and gravel

Elastic Silts

Plastic clays

Expansive plastic clays

Misc. Symbols

Water table during
drilling

KEY TO SYMBOLS



2.53

5.06

7.59

10.12

12.65

1

2

3

4

5

6

7

0.0'

2.0'
2.0'

4.0'
4.0'

6.0'
6.0'

8.0'
8.0'

10.0'
10.0'

12.0'
12.0'

14.0'

10
10
12
12

5
4
4
3

2
1
1
3

2
2
1
2

5
10
11
12

7
8
7

10

5
8
9
9

Moist medium dense brown silty coarse sandy fine
gravel w/some fine sand.

12" RECOVERY
Saturated firm black coarse sandy fine gravelly silt
w/some fine sand.

14" RECOVERY
Saturated soft gray silty clay w/some fine gravel,
trace of fine to coarse sand.

10" RECOVERY
Saturated soft gray clay w/some coarse to fine sand
and silt, trace of fine gravel.

14" RECOVERY
Saturated medium dense brown fine gravelly
coarse sand w/some fine sand and silt.

14" RECOVERY
Saturated stiff brownish red fine to coarse sandy
clay w/some silt, trace of fine gravel.

18" RECOVERY
Saturated medium dense orange silty fine sand w/
some coarse sand.

15" RECOVERY

A-2-4(0)

A-4(0)

A-6(9)

A-7-6(9)

A-1-b

A-6(2)

A-2-4(0)

Topsoil 2". Fill

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH

BORING JS-8
Project Name: James Street Bridge Location: Newport, DE
State Contract #: T201207101 Federal Contract #:
Station/Offset: Northing: Easting:
Boring Surface Elev.: Reference:
Date Started: 5/21/12 Date Completed: 5/29/12
Wt. of Sample Hammer: 140 Lbs. Average Fall: 30 IN.
Type of: D-Sampler: Split Barrel O.D. O.D. of Sampler: 2 IN.

S-Sampler: O.D. O.D. of Samp. Tube: IN.
U-Sampler: O.D. O.D. of Samp. Tube: IN.
Core Bit: O.D. O.D. of Rock Core: IN.

Hollow Stem Auger Diameter: 3 1/4" Inches From Depth of: 0.0 To: 28.0
Mud Rotary: From Depth of: 28.0 To: 98.0

Water Level Readings
Date Depth to Water (ft) Caved Depth (ft)

5/21/12 6.5

Boring Contractor: Walton Corporation Equipment/Rig Type: CME 55 ATV

Driller: Bill Holden and Truver Logged By: Tom Kane

Remarks: 8" casing set @ 18', 4" casing set at 23'.

Reviewed By: Hany Fekry Soils Supervisor: Aaron Wieczorek

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks

PAGE 1 OF 6



15.18

17.71

20.24

22.77

25.3

27.83

30.36

32.89

35.42

37.95

8

9

10

11

12

13

14.0'

16.0'
16.0'

18.0'
18.0'

20.0'

23.0'

25.0'

28.0'

30.0'

33.0'

35.0'

5
8
8
8

5
7
8
9

3
4
7
8

7
6

10
8

3
4
6
6

6
10
12
16

Saturated medium dense orangish brown silty fine
to coarse sand w/trace of fine gravel.

12" RECOVERY
Saturated stiff reddish orange clayey fine sandy silt
w/trace of coarse sand and fine gravel.

12" RECOVERY
Saturated stiff red silty fine sandy clay w/trace of
coarse sand.

20" RECOVERY

Saturated medium dense brownish orange silty fine
to coarse sand w/trace of fine gravel.

16" RECOVERY

Saturated firm red silty clay w/some fine sand,
trace of coarse sand.

24" RECOVERY

Saturated medium dense orange silty fine to coarse
sand w/some fine gravel.

16" RECOVERY

A-2-4(0)

A-4(4)

A-6(6)

A-2-4(0)

A-6(13)

A-2-4(0)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-8
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks

PAGE 2 OF 6



40.48

43.01

45.54

48.07

50.6

53.13

55.66

58.19

60.72

14

15

16

17

18

38.0'

40.0'

43.0'

45.0'

48.0'

50.0'

53.0'

55.0'

58.0'

60.0'

14
15
13
16

7
14
14
15

10
12
15
17

6
8

19
24

8
10
18
19

Saturated medium dense brown silty fine sand w/
some coarse sand and fine gravel.

18" RECOVERY

Saturated medium dense gray clayey fine to coarse
sand w/some silt and fine gravel.

21" RECOVERY

Saturated very stiff brownish tan fine sandy silt w/
some clay, trace of coarse sand.

22" RECOVERY

Saturated very stiff brownish gray fine sandy clay
w/trace of coarse sand, fine gravel and silt.

22" RECOVERY

Saturated very stiff brown fine sandy clay w/some
silt, trace of coarse sand.

24" RECOVERY

A-2-4(0)

A-2-4(0)

A-4(1)

A-7-6(9)

A-7-6(9)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-8
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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63.25

65.78

68.31

70.84

73.37

75.9

78.43

80.96

83.49

19

20

21

22

23

63.0'

65.0'

68.0'

70.0'

73.0'

75.0'

78.0'

80.0'

83.0'

85.0'

12
19
28
27

12
18
24
18

50

17
36
43
50

23
35
50

Saturated hard brownish gray clayey fine sandy silt
w/some coarse sand.

24" RECOVERY

Saturated hard grayish green fine sandy clay w/
some silt, trace of coarse sand.

24" RECOVERY

No Sample

NR" RECOVERY

Saturated very dense greenish gray silty fine to
coarse sand.

20" RECOVERY

Saturated very dense greenish gray silty fine to
coarse sand w/trace of fine gravel.

16" RECOVERY

A-4(1)

A-6(3)

A-2-4(0)

A-2-4(0)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-8
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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88.55

91.08

93.61

96.14

98.67

101.2

103.73

106.26

108.79

24

25

26

CR-1

CR-2

88.0'

90.0'

93.0'

95.0'

98.0'

100.0'

101.5'

106.5'
106.5'

50

50

25
50

No sieve analysis - Indication of saturated dense
greenish gray highly weathered rock.

2" RECOVERY

No sieve analysis - Indication of saturated dense
greenish gray highly weathered rock.

3" RECOVERY

Saturated very dense greenish gray clayey fine to
coarse sand w/some silt, trace of fine gravel.

7" RECOVERY

Schist, gray fine grained, thin bedded, slightly
weathered, hard.

44" RECOVERY
Schist, gray fine grained, thin bedded, slightly
weathered, hard.

A-2-5(0)

RQD - 58

RQD - 68

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-8
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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111.32

113.85

116.38

118.91

121.44

123.97

126.5

129.03

131.56

111.5' 51" RECOVERY
End Boring.

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-8
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks

PAGE 6 OF 6



1. Exploratory borings were drilled using a 3 1/4 - inch diameter hollow    stem
auger.

2. No free water was encountered at the time of drilling or
   when re-checked the following day, unless recorded on 1st page.

3. Boring locations were taped from existing features and
   elevations extrapolated from survey unless otherwise reported.

4. These logs are subject to the limitations, conclusions, and
   recommendations in this report.

5. Results of tests conducted on samples recovered are reported
   on the logs.

6. All blow counts are uncorrected.

Notes:

Symbol Description

Strata symbols

Poorly graded, silty or clayey
sands and gravel

Silty soils

Plastic clays

Expansive plastic clays

Well graded gravels and sands

Schist

Misc. Symbols

Water table during
drilling

KEY TO SYMBOLS



2.53

5.06

7.59

10.12

12.65

1

2

3

4

5

6

7

0.0'

2.0'
2.0'

4.0'
4.0'

6.0'
6.0'

8.0'
8.0'

10.0'
10.0'

12.0'
12.0'

14.0'

15
8
8

12

3
3
3
2

6
6
6
5

6
7

11
9

6
8

12
12

8
11
9
6

9
19
20
20

Moist medium dense brown coarse to fine sand and
fine gravel w/some silt.

10" RECOVERY
Wet firm brownish gray silt w/some fine to coarse
sand, trace of fine gravel and clay.

18" RECOVERY
Wet stiff tan clayey silt w/trace of fine to coarse
sand and fine gravel.

13" RECOVERY
Wet very stiff tan silt w/some fine sand and clay,
trace of coarse sand and fine gravel.

18" RECOVERY
Wet medium dense brown coarse to fine sand w/
some fine gravel and silt.

14" RECOVERY
Wet medium dense brown fine gravelly coarse to
fine sand w/some silt.

14" RECOVERY
Wet dense brown coarse sandy fine gravel w/some
fine sand, trace of silt.

16" RECOVERY

A-1-b

A-4(1)

A-4(5)

A-4(1)

A-1-b

A-1-b

A-1-b

Topsoil 2". Fill

Fill

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH

BORING JS-9
Project Name: James Street Bridge Location: Newport, DE
State Contract #: T201207101 Federal Contract #:
Station/Offset: Northing: Easting:
Boring Surface Elev.: Reference:
Date Started: 5/21/12 Date Completed: 5/29/12
Wt. of Sample Hammer: 140 Lbs. Average Fall: 30 IN.
Type of: D-Sampler: Split Barrel O.D. O.D. of Sampler: 2 IN.

S-Sampler: O.D. O.D. of Samp. Tube: IN.
U-Sampler: O.D. O.D. of Samp. Tube: IN.
Core Bit: O.D. O.D. of Rock Core: IN.

Hollow Stem Auger Diameter: 3 1/4" Inches From Depth of: 0.0 To: 42.0
Mud Rotary: From Depth of: 42.0 To: 98.0

Water Level Readings
Date Depth to Water (ft) Caved Depth (ft)

5/21/12 6.0

Boring Contractor: Walton Corporation Equipment/Rig Type: CME 55 ATV

Driller: Bill Holden Logged By: Tom Kane/Chris Costanzi

Remarks:

Reviewed By: Hany Fekry Soils Supervisor: Aaron Wieczorek

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks

PAGE 1 OF 5



15.18

17.71

20.24

22.77

25.3

27.83

30.36

32.89

35.42

37.95

8

9

10

11

12

13

14

14.0'

16.0'
16.0'

18.0'
18.0'

20.0'

23.0'

25.0'

28.0'

30.0'

33.0'

35.0'

37.0'

25
29
19
27

25
8

11
10

12
3
8
9

5
5
7

12

10
11
8

10

2
6

13
12

6
16
14
16

Wet dense orange coarse sandy fine gravel w/some
fine sand and silt.

10" RECOVERY
Wet medium dense orange silty fine sand and fine
gravel w/some coarse sand.

12" RECOVERY
Wet medium dense orange silty fine sand w/some
coarse sand, trace of fine gravel.

10" RECOVERY

Wet stiff brown clayey fine sandy silt w/some
coarse sand, trace of fine gravel.

16" RECOVERY

Wet medium dense brownish orange silty coarse to
fine sand w/trace of fine gravel.

21" RECOVERY

Wet very stiff reddish brown fine sandy clay w/
some coarse sand and silt, trace of fine gravel.

16" RECOVERY

Wet medium dense brownish gray clayey fine to
coarse sand w/some fine gravel, trace of silt

A-1-a

A-1-b

A-2-4(0)

A-4(0)

A-2-4(0)

A-6(1)

A-2-6(0)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-9
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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40.48

43.01

45.54

48.07

50.6

53.13

55.66

58.19

60.72

15

16

17

18

39.0'

42.0'

44.0'

47.0'

49.0'

52.0'

54.0'

57.0'

59.0'

4
7

12
19

8
11
10
14

2
3
6
5

7
7
9

13

24" RECOVERY

Wet medium dense reddish brown silty fine sand
w/some fine gravel and clay, trace of coarse sand.

18" RECOVERY

Wet medium dense gray silty fine sand w/some
coarse sand and fine gravel.

24" RECOVERY

Saturated firm grayish brown fine sandy clay w/
some silt, trace of coarse sand and fine gravel.

24" RECOVERY

Saturated very stiff grayish brown fine sandy clay
w/some silt, trace of coarse sand and fine gravel.

24" RECOVERY

A-2-4(0)

A-2-4(0)

A-7-5(13)

A-7-6(12)

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-9
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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63.25

65.78

68.31

70.84

73.37

75.9

78.43

80.96

83.49

19

20

21

22

23

62.0'

64.0'

67.0'

69.0'

72.0'

74.0'

77.0'

79.0'

82.0'

84.0'

9
10
11
23

10
17
20
22

18
16
18
50

50

28
38
44
50

Saturated very stiff grayish brown clayey fine
sandy silt w/trace of coarse sand and fine gravel.

24" RECOVERY

Saturated hard bluish gray fine sandy clay w/some
coarse sand, trace of silt and fine gravel.

24" RECOVERY

Saturated medium dense bluish gray silty fine to
coarse sand w/trace of fine gravel.

18" RECOVERY

Saturated very dense bluish gray silty fine sand w/
some coarse sand, trace of fine gravel.

5" RECOVERY

Saturated very dense bluish gray coarse to fine
sand and fine gravel w/some silt.

18" RECOVERY

A-4(2)

A-7-5(6)

A-2-4(0)

A-2-4(0)

A-1-b

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-9
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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88.55

91.08

93.61

96.14

98.67

101.2

103.73

106.26

108.79

24

25

26

CR-1

CR-2

87.0'

89.0'

92.0'

94.0'

97.0'

98.0'

99.0'

104.8'
104.9'

108.7'

50

50

50

Saturated dense gray silty fine sand w/some coarse
sand, trace of fine gravel. (Weathered Rock)

4" RECOVERY

Saturated dense gray silty fine sand w/some coarse
sand, trace of fine gravel. (Weathered Rock)

4" RECOVERY

Schist, wet, very dense weathered rock.

Schist gray fine grained thin bedded, mod-slightly
weathered rock.

NR" RECOVERY

67" RECOVERY
Schist gray fine grained thin bedded, slightly
weathered rock.

End Boring.
43" RECOVERY

A-2-4(0)

A-2-4(0)

No Recovery

REC - 81.7%. RQD -
46.3%

REC - 93.4%. RQD -
84.8%

STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

MATERIALS AND RESEARCH
Project Name: James Street Bridge Boring No.: JS-9
State Contract: T201207101

Depth
(ft.)

Water
Level No. Sample

Depth Blows/6" Sample Description AASHTO
Class. Remarks
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1. Exploratory borings were drilled using a 3 1/4 - inch diameter hollow    stem
auger.

2. No free water was encountered at the time of drilling or
   when re-checked the following day, unless recorded on 1st page.

3. Boring locations were taped from existing features and
   elevations extrapolated from survey unless otherwise reported.

4. These logs are subject to the limitations, conclusions, and
   recommendations in this report.

5. Results of tests conducted on samples recovered are reported
   on the logs.

6. All blow counts are uncorrected.

Notes:

Symbol Description

Strata symbols

Well graded gravels and sands

Silty soils

Poorly graded, silty or clayey
sands and gravel

Plastic clays

Expansive plastic clays

Schist

Misc. Symbols

Water table during
drilling

KEY TO SYMBOLS
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C-1 – Abutment Design Calculations 

C-2 – Piers Design Calculations 

C-3 – Scour Analysis Summary 

 

 
 
 
 



FINAL FOUNDATION REPORT (REV. November 2014) 

BR 1-159 - Newport Bridge 

James Street Over Christina River 

New Castle County, Delaware 

   

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C-1 
 

Abutment Design Calculations 
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APPENDIX C-2 
 

Piers Design Calculations 
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Scour Analysis Summary 
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Special Provisions 
 
 

 
 
 



SECTION 606 DRILLED SHAFTS 

606.01 Description. 

A. Furnish all materials, labor, tools, equipment, services and incidentals necessary to construct the 
drilled shafts in accordance with the Contract Documents and this Specification. 

 
606.02 Materials. 

A. Provide materials as specified in the following: 
1. Steel Casings as per Section 1XXX 
2. Reinforcing Steel as per Section 1XXX 

a. Bundle vertical bars when necessary to maximize clear space between vertical 
reinforcement bars. 

b. Use rolled hoops or bundled spirals when necessary to maximize clear space between 
horizontal reinforcement. 

3. Welding Material as per Section 1XXX 
4. Portland Cement Concrete, Class A or B, as per Section 1XXX 

a. Comply to the following concrete slump requirements: 
i. Dry placement methods: 5 to 7 inches 
ii. Casing removal methods: 8 to 10 inches 
iii. Tremie Placement methods: 8 to 10 inches 

b. Slump loss to less than 4 inches is not permitted during the period equal to the anticipated 
pour period plus two hours. Slump life may be extended through the use of retarders and 
mid-range water reducers with the approval of the Engineer. 

c. Unless otherwise specified on the Plans or as directed by the engineer, the following mix 
characteristics must be met: 
i. A maximum course aggregate size of 3/8” in wet hole pours or shafts with dense 

reinforcing configurations. Dense reinforcing configuration is defined as cases where 
the clear spacing between verticals or spiral/hoops is less than 10 times the aggregate 
size. 

ii. Use of rounded in lieu of crushed aggregates. 
iii. Use of fly ash as a cement replacement and as a fluidifier.  

5. Slurry as per Section 1XXX 
6. Access Tubes for Crosshole Sonic Log Testing as per Section 1XXX 
7. Grout as per Section 1XXX 

606.03 Construction. 

A. Submittals, Approvals, and Meetings. At the time of bid, submit the qualifications of the 
Contractor (i.e., the drilled shaft specialty contractor) to verify the successful completion by the 
Contractor of at least three separate foundation projects within the last five years with drilled 
shafts of similar size (diameter and depth) and similar subsurface geotechnical conditions to those 
shown in the Plans. Include a brief description of each project and the owner's contact person's 
name and current phone number for each project listed. 
1. Experience and Personnel. At least two weeks prior to the start of drilled shaft construction, 

submit a list identifying the on-site supervisors and drill rig operators assigned to the project 
to the Engineer for approval. In the list, include a detailed summary of each individual's 
experience in drilled shaft excavation operations, and placement of assembled reinforcing 
cages and concrete in drilled shafts. 
a. On-site supervisors must have a minimum of two years’ experience in supervising 

construction of drilled shaft foundations of similar size (diameter and depth) and 
difficulty to those shown in the Plans, and similar geotechnical conditions to those 
described in the geotechnical report. The work experience must be direct supervisory 



responsibility for the on-site drilled shaft construction operations. Project management 
level positions indirectly supervising on-site drilled shaft construction operations are not 
acceptable for this experience requirement. 

b. Drill rig operators must have a minimum one year experience in construction of drilled 
shaft foundations. 

The Engineer will approve or reject the Contractor's qualifications and field personnel within 
ten working days after receipt of the submission. Do not start work on any drilled shaft until 
the Contractor's qualifications and field personnel are approved by the Engineer. The 
Engineer may suspend the drilled shaft construction if the Contractor substitutes field 
personnel without prior approval by the Engineer. The Contractor is fully liable for the 
additional costs resulting from the suspension of work, and no adjustments in contract time 
resulting from such suspension of work will be allowed. 

2. Drilled Shaft Installation Plan. At least four weeks prior to the start of drilled shaft 
construction, submit a Drilled Shaft Installation Plan narrative for acceptance by the 
Engineer. In preparing the narrative, reference the available subsurface geotechnical data 
provided in the Contract boring logs and any geotechnical report(s) prepared for this project. 
In this narrative, provide at a minimum the following information: 
a. Description of overall construction operation sequence and the sequence of drilled shaft 

construction when in groups or lines. 
b. A list, description, and capacities of proposed equipment, including but not limited to 

cranes, drills, augers, bailing buckets, final cleaning equipment and drilling unit. As 
appropriate, describe why the equipment was selected, and describe equipment suitability 
to the anticipated site and subsurface conditions. Include a project history of the drilling 
equipment demonstrating the successful use of the equipment on shafts of equal or 
greater size in similar subsurface geotechnical conditions. 

c. Details of drilled shaft excavation methods, including proposed drilling methods, 
methods for cleanout of the bottom of the excavation hole, and a disposal plan for 
excavated material and drilling slurry (if applicable). If appropriate, include a review of 
method suitability to the anticipated site and subsurface geotechnical conditions including 
boulders and obstruction removal techniques if such are indicated in the Contract 
subsurface geotechnical information or Contract Documents. 

d. Details of the method(s) to be used to ensure drilled shaft hole stability (i.e., prevention 
of caving, bottom heave, etc. using temporary casing, slurry, or other means) during 
excavation and concrete placement. Include a review of method suitability to the 
anticipated site and subsurface geotechnical conditions. 

e. Provide detailed procedures for mixing, using, maintaining, and disposing of the slurry. 
Also provide a detailed mix design (including all additives and their specific purpose in 
the slurry mix) and a discussion of its suitability to the anticipated subsurface 
geotechnical conditions for the proposed slurry. 
In the submittal, include a detailed plan for quality control of the selected slurry, 
including tests to be performed, test methods to be used, and minimum and/or maximum 
property requirements which must be met to ensure that the slurry functions as intended, 
considering the anticipated subsurface conditions and shaft construction methods, in 
accordance with the slurry manufacturer's recommendations and these Specifications. As 
a minimum, include the following tests in the slurry quality control plan: 

  

Property Test Method 

Density Mud Weight (Density), API 
13B-1, Section 1 



Viscosity Marsh Funnel and Cup, 
API 13B-1, Section 2.2 

pH Glass Electrode, pH Meter, or 
pH Paper 

Sand Content Sand, API 13B-1, Section 5 

 

f. Reinforcing steel working drawings, details of reinforcement placement including type 
and location of all splices, reinforcement cage support and centralization methods, type 
and location of all spacers, crosshole sonic logging tubes and other instrumentation, and 
procedures for lifting and setting the reinforcement cage. 

g. When casings are proposed or required, provide the following:  
i. Casing dimensions and detailed procedures for permanent casing installation. 
ii. Temporary casing installation and removal.  
iii. Methods of advancing the casing, along with the means to be utilized for excavating 

the drilled shaft hole in accordance with Subsection 606.03 of this Specification.  
h. When using temporary casing, details of the method to extract the temporary casing and 

maintaining shaft reinforcement in proper alignment and location, and maintaining the 
concrete slump to keep concrete workable during casing extraction. 

i. Details of concrete placement, including proposed equipment and procedures for 
delivering concrete to the drilled shaft, placement of the concrete into the shaft including 
initial placement and the raising of the tremie or pump line during placement, size of 
tremie and pump lines, operational procedures for pumping, and a sample uniform yield 
form to be used by the Contractor for plotting the volume of concrete placed versus the 
depth of shaft for all shaft concrete placement. 

j. The method to be used to form a horizontal construction joint during concrete placement. 
k. When applicable, include a description of the material to be used to temporarily backfill a 

drilled shaft excavation hole during a stoppage of the excavation operation, as well as the 
method used to place and remove the material. 

l. Details of procedures to prevent loss of slurry or concrete into waterways, sewers and 
other areas to be protected. 

m. Describe the method and materials that will be used to fill or eliminate all voids below 
the top of shaft between the plan shaft diameter and excavated shaft diameter, or between 
the shaft casing and surrounding soil, if permanent casing is specified. 

n. Details of any required load tests including equipment, instrumentation, procedures, 
calibration data for test equipment, calculations and drawings. 

o. Details and procedures for protecting existing structures, utilities, roadways and other 
facilities during drilled shaft installation. 

p. Other information required by the Plans or specified herein. 
The Engineer will evaluate the Drilled Shaft Installation Plan for conformance with the 
Contract Plans and Specifications within ten working days after receipt of the submission. At 
the option of the Department, a Shaft Installation Plan Submittal Meeting may be scheduled 
following review of the Contractor’s initial submittal of the Plan. Those attending the Shaft 
Installation Plan Submittal Meeting, if held, must include the following: 
a. The superintendent, on-site supervisors, and other Contractor personnel involved in the 

preparation and execution of the Drilled Shaft Installation Plan. 
b. The Project Engineer and Department’s personnel involved with the structural, 

geotechnical, and construction review of the Drilled Shaft Installation Plan together with 
Department’s personnel who will provide inspection and oversight during the drilled 
shaft construction phase of project. 



Submit any significant updates or modifications to the Drilled Shaft Installation Plan 
whenever such updates or modifications are proposed to the Engineer. The Engineer will 
evaluate the new information for conformance with the Contract Plans and Specifications 
within ten working days after receipt of the submission. 

3. Slurry Technical Assistance. If slurry is used to construct the drilled shafts, provide, or 
arrange for, technical assistance from the slurry manufacturer as specified in Subsection 
606.03(D)(4)(a) of this Specification. Submit the following to the Engineer: 
a. The name and current phone number of the slurry manufacturer's technical representative 

assigned to the project. 
b. The name(s) of the Contractor’s personnel assigned to the project and trained by the 

slurry manufacturer’s technical representative in the proper use of the slurry. In the 
submittal, include a signed training certification letter from the slurry manufacturer for 
each individual, including the date of the training. 

4. Approvals. Do not begin work until all the required submittals have been accepted in writing 
by the Engineer. All procedural acceptances given by the Engineer will be subject to trial in 
the field and will not relieve the Contractor of the responsibility to satisfactorily complete the 
work. 

5. Drilled Shaft Preconstruction Conference. Hold a shaft preconstruction conference at least 
five working days prior to the Contractor beginning any shaft construction work at the site to 
discuss investigative boring information, construction procedures, personnel, and equipment 
to be used, and other elements of the accepted Shaft Installation Plan as specified in 
Subsection 606.03(A)(2) of this Specification. If slurry is used to construct the shafts, the 
frequency of scheduled site visits to the project site by the slurry manufacturer’s 
representative will be discussed. Those attending must include: 
a. The superintendent, on site supervisors, and other key personnel identified by the 

Contractor as being in charge of excavating the shaft, placing the casing and slurry as 
applicable, placing the steel reinforcing bars, and placing the concrete. If slurry is used to 
construct the shafts, the slurry manufacturer's representative and a Contractor’s employee 
trained in the use of the slurry, as identified to the Engineer in accordance with 
Subsection 606.03(D)(4)(a) of this Specification, must also attend. 

b. The Project Engineer, key inspection personnel, and appropriate representatives of the 
Department. 

If the Contractor’s key personnel change, or if the Contractor proposes a significant revision 
of the approved Drilled Shaft Installation Plan, an additional conference may be held at the 
request of the Engineer before any additional shaft construction operations are performed. 

6. Logs of Shaft Construction. Prepare inspection logs documenting each shaft construction 
activity, including casing installation, excavation, shaft bottom inspection, reinforcement 
installation and concrete placement. Fully document the work performed with frequent 
reference to the date, time and casing/excavation elevation in the logs. In addition, prepare 
and submit the logs documenting any subsurface investigation borings or rock core holes 
performed for the Contract at drilled shaft foundation locations. 
 

In the records for temporary and permanent casing, include at least the following information: 
a. Identification number and location of the shaft. 
b. Diameter and wall thickness of the casing. 
c. Dimensions of any casing reinforcement. 
d. Top and bottom elevations of the casing. 
e. Method and equipment used for casing installation. 
f. Any problems encountered during casing installation. 
g. Name of the inspector. 

 



In the shaft excavation log, include at least the following information: 
a. Identification number, location and surface elevation of the shaft. 
b. Description and approximate top and bottom elevation of each soil or rock material 

encountered.  
c. Seepage or groundwater conditions. 
d. Type and dimensions of tools and equipment used, and any changes to the tools and 

equipment. 
e. Type of drilling fluid used, if any, and the results of slurry tests. 
f. Any problems encountered. 
g. Elevation of any changes in the shaft diameter. 
h. Method used for bottom cleaning. 
i. Final bottom elevation of the shaft. 
j. Name of the inspector and the date, time and name of any changes in the inspector. 

 
In the concrete placement records, include at least the following information:  
a. Concrete mix used.  
b. Time of start and end of concrete placement.  
c. Volume and start/end time for each truck load placed. 
d. Concrete test results.  
e. Concrete surface elevation and corresponding tremie tip elevation periodically during 

concrete placement. 
f. Concrete yield curve (volume versus concrete elevation, actual and theoretical). 
g. Name of the inspector. 
Submit the logs for each shaft construction activity to the Engineer within 24 hours of the 
completion of that activity. Submit a full set of shaft inspection logs for an individual drilled 
shaft to the Engineer within 48 hours of the completion of concrete placement at the shaft. 

B. Drilled Shaft Excavation. Excavate the drilled shafts to the required depth as shown in the Plans 
or as directed by the Engineer. Once the excavation operation has been started, conduct the 
excavation in a continuous operation until the excavation of the shaft is completed, except for 
pauses and stops as noted, using approved equipment capable of excavating through the type of 
material expected. Pauses during this excavation operation, except for casing splicing and 
removal of obstructions, will not be allowed. Provide temporary casing at the site in sufficient 
quantities to meet the needs of the anticipated construction method. 
 
Pauses, defined as interruptions of the excavation operation, will be allowed only for casing 
splicing and removal of obstructions. Drilled shaft excavation operation interruptions not 
conforming to this definition are considered as stops. 
 
If the drilled shaft excavation is not complete at the end of the shift or series of continuous shifts, 
the drilled shaft excavation operation may be stopped, provided the Contractor, before the end of 
the work day, protects the shaft as indicated in Subsection 606.03(C) of this Specification. 
 
If slurry is present in the shaft excavation, conform to the requirements of Subsection 
606.03(D)(4)(b) of this Specification regarding the maintenance of the minimum level of drilling 
slurry throughout the stoppage of the shaft excavation operation, and recondition the slurry to the 
required slurry properties in accordance with Section 606.02 of this Specification prior to 
recommencing shaft excavation operations. 
 
Ensure the excavation and drilling equipment have adequate capacity, including power, torque 
and down thrust to excavate a hole of both the maximum diameter and to a depth of 20 feet, or 20 
percent, beyond the maximum shaft length shown on the Plans, whichever is greater. 



 
Blasting will only be permitted if specifically stated on the Plans or authorized in writing by the 
Engineer. 
 
Perform sidewall overreaming when the time for shaft excavation exceeds 36 hours or as directed 
by the Engineer (measured from the beginning of excavation below the casing when casing is 
used) before the start of concrete placement. Also perform sidewall overreaming when the 
sidewall of the hole is determined by the Engineer to have softened due to the excavation 
methods, swelled due to delays in the start of concrete placement, or degraded because of slurry 
cake buildup. Overreaming thickness must be a minimum of 1/2-inch and a maximum of 3 
inches. Overreaming may be accomplished with a grooving tool, overreaming bucket, or other 
equipment approved by the Engineer. If overreaming is required as a result of the excavation time 
exceeding the time limit specified herein, or as a result of excavation methods not in compliance 
with the approved Drilled Shaft Installation Plan, the Contractor will bear the costs associated 
with both sidewall overreaming and additional drilled shaft concrete related to overreaming. 
 
Complete excavation to the foundation cap elevation before drilled shaft construction begins, 
unless otherwise noted in the Contract Documents or approved by the Engineer. Any disturbance 
to the foundation cap area caused by shaft installation will be repaired by the Contractor prior to 
placing the cap concrete. 

  

When drilled shafts are to be installed in conjunction with embankment construction, construct 
drilled shafts after placement of the embankment fill unless otherwise shown on the Contract 
Documents or approved by the Engineer. Do not cap the drilled shafts installed prior to the 
completion of the embankment fill until the fill has been placed to the bottom of cap level. 

C. Drilled Shaft Excavation Protection. Do not leave drilled shaft excavations open overnight unless 
cased full depth or otherwise protected against sidewall instability. An open excavation is defined 
as a drilled shaft that has not been filled with concrete, or temporarily backfilled with a material 
approved by the Engineer in accordance with Subsection 606.03(A)(2) of this Specification or 
protected in accordance with Subsection 606.03(D). The use of slurry to protect a drilled shaft 
during a drilling stoppage or overnight shutdown may be approved by the Engineer. 

 
Casing of drilled shafts in stable rock formations during stoppages is not required, unless shown 
on the Plans or specified herein. 

D. Drilled Shaft Excavation Protection Methods. The Contractor bears full responsibility for 
selection and execution of the method(s) of stabilizing and maintaining the drilled shaft 
excavation. Protect the walls and bottom of the drilled shaft excavation so that side wall caving 
and bottom heave is prevented from occurring, and so that the soil adjacent to the drilled shaft is 
not disturbed. The Contractor may excavate the drilled shaft without excavation protection 
provided the Contractor can demonstrate that the soil/rock is stable and above the water table and 
zones of seepage. Acceptable protection methods include the use of casing, drilling slurry, or 
both. 
1. Temporary Casing Construction Method. In stable soils, conduct casing installation and 

removal operations and drilled shaft excavation operations such that the adjacent soil outside 
the casing and drilled shaft excavation for the full height of the drilled shaft is not disturbed. 
Disturbed soil is defined as soil whose geotechnical properties have been changed from those 
of the original in-situ soil, and whose altered condition adversely affects the performance of 
the drilled shaft foundation. 
 



If utilizing casing that is adequately sealed into competent soils such that water cannot enter 
the excavation, the Contractor may, with the Engineer’s approval, continue excavation in 
soils below the water table provided the water level within the casing do not rise or exhibit 
flow. 
 
As the temporary casing is withdrawn, a sufficient head of fluid concrete must be maintained 
to ensure that water or slurry outside the temporary casing will not breach the column of 
freshly placed concrete. 
 
Extract the casing at a slow, uniform rate with the pull in line with the shaft axis. Avoid 
excessive rotation of the casing to limit deformation of the reinforcing steel cage. 
 
Remove all temporary casings from the excavation as concrete placement is completed, 
unless permission has been received from the Engineer to leave specified temporary casings 
in place. 

2. Permanent Casing Construction Method. When permanent casing is specified, excavation 
will conform to the specified outside diameter of the drilled shaft. After the casing has been 
filled with concrete, fill all void space occurring between the casing and drilled shaft 
excavation with a material which approximates the geotechnical properties of the in-situ soils, 
in accordance with the Drilled Shaft Installation Plan specified in Subsection 606.03(A)(2) of 
this Specification and as approved by the Engineer. 

 
When the shaft extends above ground or through a body of water, the portion exposed above 
ground or through a body of water may be formed with removable casing except when the 
permanent casing is specified. Strip the removable casing from the shaft in a manner that will 
not damage the concrete. Casings can be removed when the concrete has attained sufficient 
strength provided:  
a. Curing of the concrete is continued for a 72-hour period.  
b. The shaft concrete is not exposed to salt water or moving water for 7 days.  
c. The concrete reaches a compressive strength of at least 2500 psi, as determined from 

concrete cylinder breaks.  
Use of removable casing is permitted only if specified on the Plans or approved by the 
Engineer. Use removable casing in accordance with the equipment and procedures shown in 
the approved Drilled Shaft Installation Plan, and comply with all other requirements specified 
herein. 

3. Alternative Casing Methods. When approved by the Engineer, installation of casing using 
rotating, oscillating, or vibrating methods will be permitted. Use this alternative casing 
method in accordance with the equipment and procedures shown in the approved Drilled 
Shaft Installation Plan, and comply with all other requirements specified herein. 

 
Equip drilled shaft casing with cutting teeth or a cutting shoe and install by rotating, 
oscillating, or vibrating the casing. 

4. Slurry. Use slurry in accordance with Subsection 606.02 of this Specification to maintain a 
stable excavation during excavation and concrete placement operations once water begins to 
enter the drilled shaft excavation and remain present.  
 
Use slurry to maintain stability during drilled shaft excavation and concrete placement 
operations in the event that water begins to enter the drilled shaft excavation at a rate of 
greater than twelve inches per hour, or if the Contactor is not able to restrict the amount of 
water in the drilled shaft to less than three inches prior to concrete placement, or to 



equilibrate water pressure on the sides and base of the drilled shaft excavation when 
groundwater is encountered or anticipated based on the available subsurface data. 
a. Slurry Technical Assistance. If slurry is used, the manufacturer's representative, as 

identified to the Engineer in accordance with Subsection 606.03(A)(3) of this 
Specification, must: 
i. Provide technical assistance for the use of the slurry. 
ii. Be present at the site prior to introduction of the slurry into a drilled hole. 
iii. Remain at the site during the construction and completion of a minimum of one 

drilled shaft to adjust the slurry mix to the specific site conditions.  
After the manufacturer’s representative is no longer present at the site, the Contractor’s 
employee trained in the use of the slurry, as identified to the Engineer in accordance with 
Subsection 606.03(A)(3) of this Specification, must be present at the site throughout the 
remainder of shaft slurry operations for this project to perform the duties specified above. 

b. Minimum Level of Slurry in the Excavation. When slurry is used to maintain a stable 
excavation, maintain the slurry level in the excavation to obtain hydrostatic equilibrium 
throughout the construction operation at a height required to provide and maintain a 
stable hole, but not less than 5 feet above the water table or surface of surrounding water 
body if at an offshore location. 
 
Provide casing, or other means, as necessary to meet these requirements. 

 

Maintain the slurry level above all unstable zones a sufficient distance to prevent bottom 
heave, caving or sloughing of those zones. 

 
Throughout all stops in drilled shaft excavation operations, monitor and maintain the 
slurry level in the excavation the greater of the following elevations: 
i. No lower than the water level elevation outside the drilled shaft. 
ii. Elevation as required to provide and maintain a stable hole. 

c. Cleaning Slurry. Clean, re-circulate, de-sand, or replace the slurry, as needed, in order to 
maintain the required slurry properties. Sand content will only be required to be within 
specified limits immediately prior to concrete placement. 

E. Obstructions. When obstructions are encountered, notify the Engineer promptly. An obstruction 
is defined as a specific object (including, but not limited to, boulders, logs, and man-made 
objects) encountered during the drilled shaft excavation operation which prevents or hinders the 
advance of the drilled shaft excavation. When efforts to advance past the obstruction to the design 
drilled shaft tip elevation result in the rate of advance of the drilled shaft drilling equipment being 
significantly reduced relative to the rate of advance for the portion of the drilled shaft excavation 
in the geological unit that contains the obstruction, then remove, bypass or break up the 
obstruction under force account. Blasting will not be permitted unless approved in writing by the 
Engineer. 

 
Drilling tools that are lost in the excavation will not be considered obstructions, and will be 
promptly removed by the Contractor. All costs due to lost tool removal will be borne by the 
Contractor including, but not limited to, costs associated with the repair of hole degradation due 
to removal operations or an excessive time that the hole remains open. 

F. Protection of Existing Structures. Control operations to prevent damage to existing structures, 
utilities, roadways and other facilities. Include preventive measures, but which are not limited to, 
selecting construction methods and procedures that will prevent excessive caving of the drilled 
shaft excavation and monitoring and controlling the vibrations from the driving of casing or 
sheeting, drilling of the shaft, or from blasting, if permitted by the Engineer. 



G. Slurry Sampling and Testing. Mix and thoroughly hydrate mineral slurry and polymer slurry in 
slurry tanks, lined ponds, or storage areas.  Draw sample sets from the slurry storage facility and 
test the samples for conformance with the appropriate specified material properties before 
beginning slurry placement in the drilled hole. Conform the slurry to the quality control plan 
included in the Drilled Shaft Installation Plan in accordance with Subsection 606.03(A)(2) of this 
Specification and as approved by the Engineer. A sample set must be composed of samples taken 
at mid-height and within two feet of the bottom of the storage area. 

 
Sample and test all slurry in the presence of the Engineer, unless otherwise approved by the 
Engineer. Record the date, time, names of the persons sampling and testing the slurry, and the 
results of the tests. Submit a copy of the recorded slurry test results to the Engineer at the 
completion of each drilled shaft, and during construction of each drilled shaft when requested by 
the Engineer. 

 
Take and test sample sets of all slurry, composed of samples taken at mid-height and within two 
feet of the bottom of the drilled shaft, during drilling as necessary to verify the control of the 
properties of the slurry. As a minimum, take and test the sample sets of polymer slurry at least 
once every four hours after beginning its use during each shift. 

 
Take and test sample sets of all slurry, as specified, immediately prior to placing concrete. 

 
Demonstrate to the satisfaction of the Engineer that stable conditions are being maintained. If the 
Engineer determines that stable conditions are not being maintained, immediately take action to 
stabilize the shaft. Submit a revised Drilled Shaft Installation Plan which addresses the problem 
and prevents future instability. Do not continue with drilled shaft construction until the damage 
which has already occurred is repaired in accordance with the Specifications, and until receiving 
the Engineer's approval of the revised Drilled Shaft Installation Plan. 

H. Drilled Shaft Excavation Inspection. Use appropriate means such as a cleanout bucket, air lift or 
hydraulic pump to clean the bottom of the excavation of all drilled shafts. The base of the drilled 

shaft excavation cannot be covered with more than three inches of sediment or loose or disturbed 
material just prior to placing concrete in soil shafts or more than one-half inch for 50 percent of 
the shaft area in rock sockets. 

 

The excavated drilled shaft will be inspected and approved by the Engineer prior to proceeding 
with construction. Sound the bottom of the excavated drilled shaft with an airlift pipe, a tape with 
a heavy weight attached to the end of the tape, a borehole camera with visual sediment depth 
measurement gauge, or other means acceptable to the Engineer to determine that the drilled shaft 
bottom meets the requirements in the Contract. 

I. Assembly and Placement of Reinforcing Steel. Prior to and during fabrication of the steel 
reinforcing cage, support the reinforcing bars off the ground surface, and protect the reinforcing 
bars from contamination with mud and other deleterious materials. 

 
Rigidly brace the reinforcing cage to retain its configuration during handling and construction. 
Individual or loose bars will not be permitted. Tie all (100%) intersections of vertical and 
horizontal bars. Show bracing and any extra reinforcing steel required for fabrication of the cage 
on the working drawings. 

 
Carefully position and securely fasten the reinforcement to provide the minimum clearances 
specified or shown on the Plans, and to ensure that no displacement of the reinforcing steel cage 
occurs during placement of the concrete. 

 



Splicing of the reinforcement cage during placement of the cage in the shaft excavation will not 
be permitted unless otherwise shown on the Plans or approved by the Engineer. 

 
If the reinforcing cage is spliced during placement of the cage into the drilled shaft excavation, 
the splice details and location of the splices must be in accordance with the Plans and the 
approved Drilled Shaft Installation Plan. In addition, perform the work within the time limits 
specified in Subsection 606.03(A). 

 

Securely hold the steel reinforcing cage in position throughout the concrete placement operation. 
Tie and support the reinforcing steel in the drilled shaft so that the location of the reinforcing steel 
will remain within allowable tolerance. Use concrete spacers or other approved non-corrosive 
spacing devices at sufficient intervals (near the bottom, the top and at intervals not exceeding 10 
feet vertically) to ensure concentric spacing for the entire cage length. The number of spacers 
required at each level will be one spacer for each foot of excavation diameter, with a minimum of 
four spacers at each level. The spacers must be of adequate dimension to ensure an annular space 
between the outside of the reinforcing cage and the side of the excavation along the entire length 
of the drilled shaft as shown in the Plans. Provide acceptable feet made of plastic, or concrete 
(bottom supports) to ensure that the bottom of the cage is maintained at the proper distance above 
the base of the excavation unless the cage is suspended from a fixed base during the concrete 
pour. 

 
Remove bracing steel which constricts the interior of the reinforcing cage after lifting the cage if 
freefall concrete or wet tremie methods of concrete placement are to be used. 

 
Check the elevation of the top of the steel cage before and after the concrete is placed. If the 
upward displacement of the rebar cage exceeds 2 inches, or if the downward displacement 
exceeds 6 inches, the drilled shaft will be considered defective. Make corrections to the 
satisfaction of the Engineer. Do not construct additional drilled shafts until the rebar cage support 
has been modified in a manner satisfactory to the Engineer. 

J. Concrete Placement, Curing and Protection. Commence the Concrete placement as soon as 
possible after completion of drilled shaft excavation by the Contractor and inspection by the 
Engineer. Immediately prior to commencing concrete placement, the drilled shaft excavation and 
the properties of the slurry (if used) must conform to Subsection 606.02 of this Specification. 
Continue the concrete placement in one operation to the top of the drilled shaft, or as shown in 
the Plans. 

 
If water is not present (a dry shaft), deposit the concrete through the center of the reinforcement 
cage by a method which prevents segregation of aggregates. Place the concrete such that the free-
fall is vertical down the center of the drilled shaft without hitting the sides, the steel reinforcing 
bars, or the steel reinforcing bar cage bracing. 

 
If water exists in amounts greater than three inches in depth or enters at a rate of more than 
twelve inches per hour then fill the drilled shaft excavation with slurry to at least the level 
specified in Subsection 606.03(D)(4)(b) and concrete placed by tremie methods. 

 

Do not exceed the time limit for concrete placement as defined in the approved Drilled Shaft 
Installation Plan and demonstrated by a successful technique shaft or test shaft. Commence the 
concrete placement time at the mixing of the concrete and extend through to the completion of 
placement of the concrete in the drilled shaft excavation, including removal of any temporary 
casing. For wet placement methods, the placement time starts at the batching of the initial load of 
concrete to be placed in the shaft. Prior to concrete placement, provide test results of both a trial 



mix and a slump loss test conducted by an approved testing laboratory using approved methods to 
demonstrate that the concrete meets this defined placement time limit. Maintain the concrete mix 
with a slump of 4 inches or greater over the defined placement time limit as demonstrated by trial 
mix and slump loss tests. Conduct the trial mix and slump loss tests at ambient temperatures 
appropriate for site conditions. Ambient air temperature at the time of concrete placement is not 
permitted to be greater than the ambient temperature at the time of the concrete trial tests and 
slump loss tests. 

 

Do not use admixtures such as water reducers, plasticizers, and retarders in the concrete mix 
unless permitted in the Contract Documents and detailed in the approved Drilled Shaft 
Installation Plan. Adjust all admixtures, when approved for use, for the conditions encountered on 
the job so the concrete remains in a workable plastic state throughout the defined placement time 
limit. 

 
Throughout the underwater concrete placement operation, the discharge end of the tube must 
remain submerged in the concrete at least five feet and the tube must always contain enough 
concrete to prevent water from entering. The concrete placement must be continuous until the 
work is completed, resulting in a seamless, uniform shaft. If the concrete placement operation is 
interrupted, the Engineer may require the Contractor to prove by core drilling or other tests that 
the drilled shaft contains no voids or horizontal joints. If testing reveals voids or joints, repair 
them or replace the drilled shaft at no expense to the Department. Responsibility for coring and 
testing costs, and calculation of time extension, will be in accordance with Subsection 606.03(M) 
of this Specification. 

 

Before placing any fresh concrete against concrete deposited in water or slurry (construction 
joint), remove all scum, laitance, loose gravel and sediment on the surface of the concrete 
deposited in water or slurry, and chip off any high spots on the surface of the existing concrete 
that would prevent any steel reinforcing bar cage from being placed in the position required by 
the Plans. 

 

Complete a concrete yield plot for each wet shaft poured by tremie methods. This yield plot will 
be submitted to the Department within twenty four (24) hours of completion of the concrete pour. 

 
Do not perform casing installation or drilled shaft excavation operations within a clear distance of 
three diameters of a newly poured drilled shaft within twenty (24) hours of the placement of 
concrete and only when the concrete has reached a minimum compressive strength of 1800 psi. 

K. Tremies. When placing concrete underwater, use a concrete pump or gravity tremie. A tremie 
must have a hopper at the top that empties into a watertight tube at least eight inches in diameter. 
If a pump is used, a watertight tube must be used with a minimum diameter of four inches. The 
discharge end of the tube on the tremie or concrete pump line must include a device to seal out 
water while the tube is first filled with concrete. In lieu of a seal at the discharge end of the pipe, 
the Contractor may opt to place a “Pig” or “Rabbit” in the hopper prior to concrete placement 
which moves through the tremie when pushed by the concrete, forcing water or slurry from the 
tremie pipe. 

 

Do not use hopper and tubes that contain aluminum parts that will have contact with the concrete. 
The inside and outside surfaces of the tubes must be clean and smooth to allow both flow of 
concrete and the unimpeded withdrawal of the tube during concrete placement. 



L. Drilled Shaft Construction Tolerances. Construct the drilled shafts so that the center of the 
poured shaft at the top of the drilled shaft or mudline, whichever is lower, is within the following 
horizontal tolerances: 

Drilled Shaft Diameter Tolerance 
Greater than 2’-0” and less than 5'-0" 4” 
5'-0" or larger 6” 

 
Drilled shafts in soil must be within 1.5 percent of plumb. Drilled shafts in rock must be within 
2.0 percent of plumb. Plumbness will be measured from the top of poured drilled shaft elevation 
or mudline, whichever is lower. 

 
During drilling or excavation of the drilled shaft, make frequent checks on the plumbness, 
alignment, and dimensions of the drilled shaft. Any deviation exceeding the allowable tolerances 
will be corrected with a procedure approved by the Engineer. 

 
Do not allow the drilled shaft steel reinforcing bars to be higher than six inches above or three 
inches below the plan elevation. 

 

The reinforcing cage must be concentric with the drilled shaft excavation within a tolerance of 1-
1/2 inches. 

 
The top elevation of the completed drilled shaft must have a tolerance of plus one inch or minus 
three inches. 

 
Do not allow the diameter of the drilled shaft to be less than the diameter shown on the Plans. 

 
Ensure that tolerances for casings are in accordance with American Pipe Institute tolerances 
applicable to regular steel pipe. 

 
Drilled shaft excavations and completed drilled shafts not constructed within the required 
tolerances will be considered defective. The Contractor is responsible for correcting all defective 
drilled shafts to the satisfaction of the Engineer. Materials and work necessary, including 
engineering analysis and redesign, to complete corrections for out-of-tolerance drilled shafts will 
be furnished without either cost to the Department or an extension of the completion date of the 
project. Redesign drawings and computations submitted will be signed by a registered 
Professional Engineer licensed in the State of Delaware. 

M. Integrity Testing. Crosshole sonic log (CSL) testing must be performed on all drilled shafts. 
Accommodate the crosshole sonic log testing by furnishing and installing access tubes in 
accordance with Section 1XXX of this Specification. 

 
Install access tubes for crosshole sonic log testing in all drilled shafts, except as otherwise noted 
herein, to permit access for the crosshole sonic log test probes. If, in the opinion of the Engineer, 
the condition of the drilled shaft excavation permits drilled shaft construction in the dry, the 
Engineer may specify that the testing be omitted. 

 
Securely attach the access tubes to the interior of the reinforcement cage of the drilled shaft. 
Furnish and install one access tube for each foot of drilled shaft diameter, rounded to the nearest 
whole number, unless otherwise shown in the Plans. A minimum of three tubes will be required. 
Place the access tubes around the drilled shaft, inside the spiral or hoop reinforcement and three 
inches clear of the vertical reinforcement, at a uniform spacing measured along the circle passing 



through the centers of the access tubes. If these minimums cannot be met due to close spacing of 
the vertical reinforcement, then bundle the access tubes with the vertical reinforcement. 

 
If trimming the cage is required and access tubes for crosshole sonic log testing are attached to 
the cage, either shift the access tubes up the cage, or cut the access tubes provided that the cut 
tube ends are adapted to receive the watertight cap as specified. 

 
Install the access tubes in straight alignment and as near to parallel to the vertical axis of the 
reinforcement cage as possible. Extend the access tubes from the bottom of the drilled shaft to at 
least two feet above the top of the drilled shaft. Splice joints in the access tubes, if required to 
achieve full length access tubes, must be watertight. Clear the access tubes of all debris and 
extraneous materials before installing the access tubes. Care must be taken to prevent damaging 
the access tubes during reinforcement cage installation and concrete placement operations in the 
drilled shaft excavation. 

 
Fill the access tubes with potable water before concrete placement, and reinstall the top watertight 
threaded caps. 

 
Prior to performing any crosshole sonic log testing operations specified in this subsection, remove 
the concrete at the top of the drilled shaft down to sound concrete. 

 
The Department will perform crosshole sonic log testing and analysis on all completed drilled 

shafts designated for testing by the Engineer. The Department will require advance notice from 
the Contractor to schedule all crosshole sonic log testing. The Contractor will give at least forty 
eight (48) hours’ notice to the Engineer of the time the concrete in each drilled shaft to be 
sufficiently cured to allow for crosshole sonic log testing. 

 
Perform the testing after the drilled shaft concrete has cured at least ninety six (96) hours. 
Additional curing time prior to testing may be required if the drilled shaft concrete contains 
admixtures, such as set retarding admixture or water reducing admixture. The additional curing 
time prior to testing required under these circumstances will not serve as grounds for additional 
compensation or extension of time to the Contractor. Do not perform any subsequent construction 
on the completed drilled shaft until the CSL tests are approved and the drilled shaft accepted by 
the Engineer. 

 
After placing the drilled shaft concrete and before beginning the crosshole sonic log testing of a 
drilled shaft, inspect the access tubes. Replace each access tube that the test probe cannot pass 
through, at the Contractor's expense, with a two inch diameter hole cored through the concrete for 
the entire length of the drilled shaft. Unless directed otherwise by the Engineer, locate the cored 
holes approximately six inches inside the reinforcement and do not damage the drilled shaft 
reinforcement. Log descriptions of inclusions and voids in cored holes and submit a copy of the 
log to the Engineer. Findings from cored holes must be preserved, identified as to location, and 
made available for inspection by the Engineer. 

 
The Engineer will determine final acceptance of each drilled shaft, based on the crosshole sonic 
log test results and analysis for the tested shafts and a review of the visual inspection reports for 
the subject drilled shaft, and will provide a response to the Contractor within three working days 
after receiving the test results and analysis submittal. 

 
The Engineer may approve continuing with drilled shaft construction prior to approval and 
acceptance of the first shaft if the Engineer’s observations of the construction of the first shaft are 



satisfactory, including, but not limited to, conformance to the Drilled Shaft Installation Plan as 
approved by the Engineer, and the Engineer’s review of Contractor’s daily reports and inspector’s 
daily logs concerning excavation, steel reinforcing bar placement, and concrete placement. 

 
If the Engineer determines that the concrete placed under slurry for a given drilled shaft is 
structurally inadequate, that drilled shaft will be rejected. The placement of concrete under slurry 
will be suspended until the Contractor submits to the Engineer written changes to the methods of 
drilled shaft construction needed to prevent future structurally inadequate drilled shafts, and 
receives the Engineer's written approval of the submittal. 

 
If the Engineer determines that additional investigation is necessary, or if the Contractor requests, 
the Engineer may direct that additional testing be performed at a drilled shaft. At the Engineer's 
request, drill a corehole in any questionable quality drilled shaft (as determined from crosshole 
sonic log testing and analysis or by observation of the Engineer) to explore the drilled shaft 
condition. The number, locations, diameter and depth of the core holes and lengths of individual 
core runs will be determined by the Engineer. Coring procedures must minimize abrasion and 
erosion of the core samples, and must avoid damage to the steel reinforcement. Log descriptions 
of inclusions and voids in cored holes and submit a copy of the log to the Engineer. Preserve the 
recovered core in suitably labeled wood core boxes, identified as to location and depth, and made 
available for inspection by the Engineer. The Engineer may direct water pressure testing in the 
core holes, and/or unconfined compression testing and other laboratory testing on selected 
samples from the concrete core. 

 
If subsequent testing at a drilled shaft indicates the presence of a defect(s) in the drilled shaft, the 
testing costs and the delay costs resulting from the additional testing will be borne by the 
Contractor. If this additional testing indicates that the drilled shaft has no defect, the testing costs 
and the delay costs resulting from the additional testing will be paid by the Department, and, if 
the drilled shaft construction is on the critical path of the Contractor’s schedule, a time extension 
equal to the delay created by the additional testing will be granted. 

 
For all drilled shafts determined to be unacceptable, submit a plan for further investigation or 
remedial action to the Engineer for approval. All modifications to the dimensions of the drilled 

shafts, as shown in the Plans, required by the investigation and remedial action plan must be 
supported by calculations and working drawings. All investigation and remedial correction 
procedures and designs must be prepared by a registered Professional Engineer licensed in the 
State of Delaware, and submitted to the Engineer for approval. Do not begin repair operations 
until receiving the Engineer's written approval of the investigation and remedial action plan. 

 
Prior to beginning coring, submit the method and equipment to be used to drill and remove cores 
from drilled shaft concrete to the Engineer, and do not begin coring until the Engineer’s written 
approval has been received. The coring method and equipment will include for complete core 
recovery and will minimize abrasion and erosion of the core. 

 
Dewater all access tubes and cored holes and fill with grout after tests are completed and the 
drilled shaft is accepted. Fill the access tubes and cored holes using grout tubes that extend to the 
bottom of the tube or hole or into the grout already placed. 
 
Alternative non-destructive tests such as Gamma-Gamma, Sonic Echo/Impulse Response, or 
Thermal Integrity Profiling may be specified on the Plans or directed by the Engineer to use 
alongside, or in lieu of, CSL testing. Comply with all requirements for the alternate test methods 
in accordance with the Plans or Special Provisions. 



N. Drilled Shaft Load Tests. Install test shafts at the locations shown on the Plans unless otherwise 
directed or approved by the Engineer. 
 
Install test shafts to the same dimensions, details and elevations shown on the Plans, and install 
using the same equipment and installation procedures proposed for installation of the foundation 
drilled shafts. 
 
If the equipment or procedures are changed following the completion of load testing, install 
additional load test shafts, and conduct additional load tests as directed by the Engineer at no 
additional cost to the Department. 
 
Complete all load testing and have the results evaluated by the Engineer before installing any 
production drilled shafts, unless otherwise authorized by the Engineer. 
1. Static Load Tests. Perform static load tests in accordance with the procedures specified in 

ASTM D 1143. 
2. Force Pulse (Rapid) Load Tests. Perform force pulse (rapid) load tests in accordance with the 

procedures specified in ASTM D 7383. 
3. Bi-Directional Load Cell Testing. Install load cells and load test instrumentation in 

accordance with the bi-directional load cell supplier recommendations, instructions, and 
procedure manual(s), as approved by the Engineer. 

 
The bi-directional load cells must be capable of expanding to not less than 6 inches while 
maintaining the applied test load. 

 
The Contractor must be responsible for coordinating with the load cell supplier to determine 
and/or verify all required equipment, materials, quantities, procedures, and all other 
applicable items necessary to complete the load testing shown on the Plans. 

 
Furnish an acceptable pressurized gas source, a hydraulic pump, hydraulic lines, calibrated 
hydraulic gauge and other equipment and material necessary to perform the load tests. 
Furnish fresh, potable water from an approved source to form the hydraulic fluid used to 
pressurize the bi-directional load cells. 

 
Furnish, install and monitor vibrating wire strain gauges as shown on the Plans and as 
directed by the Engineer. Place the strain gauges in pairs on opposite sides of the reinforcing 
cage at the elevations shown on the Plans, unless otherwise directed by the Engineer. 

 
Attach two LVDT vibrating wire displacement gauges to each load cell to monitor the 
expansion and contraction of the load cell. In addition, mount two LVDT gauges on an 
independent reference beam and set on opposite sides of the top of the test shaft to monitor 
axial shaft displacement. 

 
Set two telltale rods on the top of each load cell to monitor the displacement of the top of the 
load cell. The telltale must consist of a 3/8-inch diameter stainless steel rod, greased for 
reducing friction and corrosion, and placed inside a constant 3/4-inch diameter pipe. 
Individual sections of telltales must be joint coupled flush so that each rod is of uniform 
diameter throughout its length. 

 
Furnish a portable computer and electronic logging equipment to simultaneously monitor all 
instrumentation at time intervals designated by the Engineer. 

 



Assemble the load cells, piping and other attachments in preparation for installation in 
accordance with the requirements of the bi-directional load cell supplier, unless otherwise 
specified herein or directed by the Engineer. The following guidelines must be followed. 
a. Weld steel top and bottom bearing plates to the load cells. Provide holes through the 

bearing plates, as appropriate, to facilitate placement of tremie concrete. 
b. Coat the upper surface of the bottom steel bearing plate with grease prior to installation 

into the shaft, to prevent concrete bonding with the bottom plate. 
c. Attach the load cells and plate assembly to the reinforcement cage. Securely fasten all 

hydraulic hoses, telltale casing, slip joints, etc. to the rebar cage. Prior to installation into 
the drilled shaft excavation, protect the top of any piping to keep dirt, concrete or other 
deleterious materials from entering the piping. 

d. Limit the deflection of the cage to a maximum of 2 feet between pick points while lifting 
the cage from the horizontal position to vertical. Provide additional support, bracing, 
strong backs, etc. to maintain the deflection within the specified tolerance. 

For each load test, place the load on the drilled shaft in increments of five percent of the 
estimated maximum test load shown on the Plans, or until the nominal resistance load (as 
indicated by the instruments) is approached, or to the maximum capacity of the load cell, 
whichever occurs first. Unless the maximum capacity of the load cell has been reached, apply 
increments of 2.5 percent of the estimated maximum test load until the limiting load is 
attained, or the drilled shaft top displacement reaches 2 inches, or to the maximum extension 
of the load cell. When the load cell will be used for a subsequent loading stage, the Engineer 
may interrupt the loading sequence at a load cell opening of approximately 3 inches, or less. 
Maintain each load increment for a minimum period of 5 minutes, with complete sets of 
readings obtained and recorded from all gauges and instruments at 1, 2 and 5 minutes after 
application of the load increment. Apply each increment of load within the minimum length 
of time practical and take the instrument system readings immediately. It is intended that the 
addition of a load increment and the completion of the instrument system readings be 
completed within 5 to 15 minutes. The Engineer may elect to hold the maximum applied load 
for up to one hour. 

 

Remove the load in decrements of about 10 percent of the maximum test load. Remove each 
decrement of load within the minimum length of time practical and take the instrument 
system readings immediately. It is intended that the removal of a load decrement and the 
completion of the instrument system readings be completed within 5 to 15 minutes. The 
Engineer may also require a reloading cycle with ten loading increments and five unloading 
decrements. Record the final recovery of the drilled shaft for a period up to one hour after the 
last unload interval. 
 

Submit a preliminary test report containing the load displacement curves and other test data 
to the Engineer within three days of completing each load test. Submit the final report on the 
load tests to the Engineer within ten days after completion of each load test. Include at least 
the following items in the test report: 
a. Test shaft identification number and location. 
b. Date(s) of testing. 
c. Description of the test shaft details, instrumentation and test procedures. 
d. Tables presenting all instrumentation data. 
e. Plots of load versus displacement (up and down) for each load cell level, for each stage of 

the test. 
f. Plots of load along the length of the drilled shaft determined from the strain gauge data 

for at least ten applied load increments. 



g. Summary of unit side resistance along the length of the drilled shaft and end bearing 
resistance. 

h. Plots of creep displacement for each load increment. 
i. Plot of equivalent top-of-shaft displacement for the test shaft, developed from the load 

test data. 
After completion of the load test to the satisfaction of the Engineer, and when authorized in 
writing by the Engineer, flush all hydraulic fluid from the bi-directional load cells and 
hydraulic lines, and replace with cement grout in accordance with the approved Drilled Shaft 
Installation Plan. Also grout any voids remaining outside the load cells after completion of 
the load test. 

O. Technique Shafts. Demonstrate the adequacy of its methods, techniques and equipment by 
successfully constructing a technique shaft or shafts in accordance with the requirements shown 
on the Plans and these Specifications. Position the technique shaft(s) at the location(s) shown on 
the Plans or as directed by the Engineer, but not less than a clear distance of three drilled shaft 
diameters from the closest production shaft. Drill the technique shaft(s) to the maximum diameter 
and maximum depth of any production drilled shaft shown in the Plans. Unless shown otherwise 
on the Plans, reinforce the technique shaft(s) with the same reinforcement as the corresponding 
size production shaft, and also include CSL tubes as specified herein. Technique shaft(s) must be 
completed and accepted by the Engineer prior to initiating installation of the load test shafts and 
foundation drilled shafts. Failure by the Contractor to demonstrate to the Engineer the adequacy 
of methods and equipment will be reason for the Engineer to require alterations in equipment 
and/or method by the Contractor to eliminate unsatisfactory results. Any additional technique 
shaft(s) required demonstrating the adequacy of altered methods or construction equipment will 
be at the Contractor's expense. Once approval has been given by the Engineer to construct 
production drilled shafts, no changes will be permitted in the methods or equipment used to 
construct the satisfactory technique shaft(s) without the written approval of the Engineer. 

 

The technique shaft(s) will be used by the Engineer to determine if the Contractor can:  
1. Control dimensions and alignment of excavations within tolerance.  
2. Install casing and remove temporary casing. 
3. Seal the casing into impervious materials.  
4. Control the size of the excavation under caving conditions by the use of a mineral or polymer 

slurry or by other means. 
5. Properly clean the completed drilled shaft excavation. 
6. Construct drilled shafts in open water areas.  
7. Handle and install reinforcing cages. 
8. Satisfactorily place concrete meeting the Specification requirements within the prescribed 

time limit. 
9. Satisfactorily execute any other necessary construction operation. 
When authorized in writing by the Engineer, cut off the technique shaft(s) not less than 2 feet 
below finished grade and left in place. Restore the disturbed areas at the sites of the technique 
shaft(s) as nearly as practical to their original condition. 

 
606.04 Method of Measurement. 

 
A. The Engineer will measure drilled shafts by the length in ft (m) from the plan top of shaft 

elevation to the final bottom of shaft elevation. The Engineer will not separately measure 
excavation, blasting, slurry, reinforcing steel, concrete, grout, integrity testing tubes, or non-
destructive testing.  



B. The Engineer will measure technique shafts by the length in ft (m) from the existing ground 
surface elevation at the center of the trial shaft hole prior to drilling to the authorized bottom 
elevation of the hole. The Engineer will not separately measure excavation, blasting, slurry, 
reinforcing steel, concrete, grout, integrity testing tubes, or non-destructive testing. 

C. The Engineer will measure permanent casing by the length in ft (m) of each size casing used, as 
measured along the casing from the top of the shaft elevation or the top of casing, whichever is 
lower, to the bottom of the casing. 

D. The Engineer will measure load tests by the number of load tests completed according to the 
specified loading procedures and to the designated maximum load shown on the plans. Payment 
will include all costs related to the performance of the load test and for the reporting of 
procedures and results. 

E. The Engineer will measure exploratory drilling by the length in ft (m) from the ground elevation 
where the drilling begins to the bottom of the exploration hole. 

 
606.05 Basis of Payment.    

 

A. The Engineer will pay for accepted quantities at the contract unit price as follows: 
Item No. Item Description UOM 

606000 DRILLED SHAFT, 30" LF 

606001 DRILLED SHAFT, 36" LF 

606002 DRILLED SHAFT, 42" LF 

606003 DRILLED SHAFT, 48" LF 

606004 DRILLED SHAFT, 60" LF 

606005 DRILLED SHAFT, 72" LF 

606010 TECHNIQUE SHAFT, 30" LF 

606011 TECHNIQUE SHAFT, 36" LF 

606012 TECHNIQUE SHAFT, 42" LF 

606013 TECHNIQUE SHAFT, 48" LF 

606014 TECHNIQUE SHAFT, 60" LF 

606015 TECHNIQUE SHAFT, 72" LF 

606020 
PERMANENT CASING FOR DRILLED SHAFT, 30" 

DIAMETER 
LF 

606021 
PERMANENT CASING FOR DRILLED SHAFT, 36" 

DIAMETER 
LF 

606022 
PERMANENT CASING FOR DRILLED SHAFT, 42" 

DIAMETER 
LF 



606023 
PERMANENT CASING FOR DRILLED SHAFT, 48" 

DIAMETER 
LF 

606024 
PERMANENT CASING FOR DRILLED SHAFT, 60" 

DIAMETER 
LF 

606025 
PERMANENT CASING FOR DRILLED SHAFT, 72" 

DIAMETER 
LF 

606030 LOAD TESTING OF DRILLED SHAFTS EACH 

606031 EXPLORATORY DRILLING LF 

 
B. Such payment is full compensation for furnishing all materials, equipment, labor, and incidentals 

to complete the work as specified. 



ITEM 302XXX – LIGHTWEIGHT AGGREGATE FILL 
 
 
 
Description: 
 
This item consists of furnishing all labor, materials, and equipment required for the installation of lightweight 
aggregate fill as shown on the drawings or as directed by the Engineer. 
 
Materials: 
 
Lightweight Aggregate Fill shall be a lightweight expanded shale aggregate or approved rotary kiln-produced 
expanded shale substitute meeting all the requirements of a recently completed (2 years max.) ASTM C 330 
certification. No by-product slags, coal derived by-product aggregates (cinders, bottom ash, fly ash) or pumice, 
scoria, or tuff shall be permitted. 
 
The lightweight aggregate fill shall have a proven record of durability and be non-corrosive (less than 100 ppm 
chloride when measured by AASHTO T 260), and meet the following physical property requirements: 
 
A. Delivered Gradation: 

Sieve Size     Percent by Weight Passing 
 

¾”      100-90 
 

½”      70-50 
 

#4      10-0 
 
B. The dry loose unit weight shall be less than 45 pounds per cubic foot (pcf). The lightweight aggregate fill 
producer shall submit verification of a compacted density of less than 60 pcf when measured by a one-point 
compaction ("Proctor") test conducted in accordance with ASTM D698, "Standard Test methods for Laboratory 
Compaction Characteristics of Soil Using Standard Effort (12,400 ft-Ibf /cu ft)" (AASHTO T-99). 
 
C. The lightweight aggregate producer shall submit verification that the angle of internal friction shall be greater 
than 40° when measured in a triaxial compression test on a laboratory sample with a minimum diameter of 10 
inches. (ASTM D 698). 
 
D. The maximum Los Angeles Abrasion loss when tested in accordance with ASTM C 131 Modified (8 grading) 
shall be <30 percent. 
 
E. The minimum permeability shall be 25cm/sec when tested in accordance with ASTM D 2434. 
 
F. The pH shall be between 6.5 and 9.0 
 
G. Absorption: ASTM C 127 (24 hours)     Maximum:  15% 

Minimum:  9% 
 

H. Soundness: ASTM C 88    Maximum 3% loss using the Magnesium Sulfate method 
 
Construction Methods: 
 
The lightweight aggregate shall be installed after the respective excavation has been approved by the 
Engineer. Compaction shall be completed and verified in a manner meeting the recommendations and requirement 
of the material manufacturer. Any aggregate which has been degraded, or has been contaminated by soil, debris or 
other deleterious materials shall be removed and replaced at the Contractor's expense. 
 



Method of Measurement: 
 
The quantity of lightweight aggregate fill will be measurement in cubic yards of material actually placed and 
accepted. Measurement will be computed using the method of average end areas between original cross sections and 
final cross sections after placement of the lightweight aggregate fill. 
 
Basis of Payment: 
 
Payment shall be made at the contract unit price per cubic yard for lightweight aggregate. This price shall be full 
compensation for furnishing all materials, for preparing and placing these materials, and for all labor, equipment 
tools, and incidentals necessary to complete the item. 




