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This report presents the results of our geotechnical engineering services to support the 
replacement of the Allentown Road TI UP Bridge (Structure No. 956) over I-40.  The project is 
located over I-40 at milepost (MP) 351.35 within the Navajo Nation in Apache County, Arizona.  
The project involves removing the existing bridge structure and constructing a replacement 
bridge (Structure No. 20246) and the associated roadway reconstruction. 

A geotechnical field investigation included advancing three test borings to depths ranging from 
70 to 80 feet below the ground surface.  The results of the field and laboratory investigation as 
well as design recommendations for the proposed construction are presented in this report. 

Should there be any questions regarding the contents of this report or its appropriate 
incorporation into designs, please do not hesitate to contact us. 
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1.0 INTRODUCTION 

This report presents the results of our geotechnical engineering services to support the 

replacement of the Allentown Road TI UP Bridge (Structure No. 956) on Interstate 40.  The 

project is located over I-40 at milepost (MP) 351.35 in Apache County, Arizona within the Navajo 

Nation. 

1.1 Project Description 

The project consists of replacing the existing bridge structure which was constructed in 1967 as 

a 33-foot wide four-span steel girder bridge with a total length of approximately 250 feet.  The 

bridge abutments are on steel pile foundations and the piers are supported on spread footings. 

 

The planned replacement bridge is designed as a two-span structure, with 9 precast, pre-

stressed AASHTO Type Bill-48 Box Beams with a new 8-inch concrete deck.  The proposed bridge 

is planned to span approximately 250 feet in length with a width of 40 feet founded on six 

drilled shaft cast-in-place foundations.  

 

The work will be completed in a single construction phase with the closure of Allentown Road at 

the bridge and use of a detour. 

1.2 Site Description 

The project site for the geotechnical exploration areas is located within the existing ADOT right 

of way on I-40 between MP 351 and MP 352. The general project area consists of hilly terrain 

with the outcrops of sedimentary rocks and some locally derived colluvium.   The elevation at 

the bridge surface is approximately 6,135 feet above mean sea level (MSL) and the ground 

surface at the piers along the I-40 roadway averages approximately 6,110 feet MSL.  Vegetation 

at the site consists of a sparse growth of cactus, native grasses, a few desert bushes, and trees 

(pinion or juniper).  A Site Plan of the project area is presented in the appendix of this report.  



Final Geotechnical Report  

I-40 Allentown TI Bridge #20246 

040 AP 351 F0319 01D 

 July 5, 2022 

 

 

 

   Page 2 

Infrastructure Delivery and Operations 

 
Figure 1:  Aerial view of the Allentown TI 

1.3 Site Geology 

The Geologic Map of Arizona (AGS, 2000) indicates that the site is in the Chinle Formation 

consisting of Late Triassic (210-230 Ma) sedimentary rocks with some conglomerates and 

sandstones, but predominately mudstones, siltstones and occasional thin lenses of limestone.  

This formation typically erodes into badlands topography and contains clays that are prone to 

shrinking and swelling.   

2.0 SUBSURFACE INVESTIGATION 

2.1 Test Borings 

The subsurface investigation included advancing three test borings (see Table 1 for details) to 

depths ranging from approximately 70 feet below the roadway surface at the northern 

Abutment 2 location to about 80 feet below the ground surface (bgs) at the proposed bridge 

center pier location and southern Abutment 2 location.  The test borings performed by 

Geomechanics Southwest, Inc. (GSI) were drilled with a truck mounted CME-85 drill rig utilizing 

a hollow-stem auger with an 8-inch outside diameter (O.D.) during the week of January 24, 

2022.  When rock was encountered at 50 below the surface at the north abutment location, 

drilling changed to 3.5-inch HQ coring system.  The subsurface borings were logged and 

completed by Wood Environment & Infrastructure Solutions, Inc. (Wood).   
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Figure 2:  Drilling activities near the location of Abutment 1 

The subsurface soils were then sampled with a split spoon sampler (STP) or with a ring-lined 

barrel sampler. The sampling was completed at intervals of 5 feet using mostly 2-inch O.D., 1.4-

inch inside diameter (I.D.) samples to obtain the standard penetration resistance.  Relatively 

undisturbed samples were also obtained with 3-inch O.D. samples lined with 2.42 inch I.D. brass 

rings.   

 

The SPT and ring samplers were driven 18 and 12 inches, respectively, or to refusal (i.e. 50 blows 

for less than a 6 inches of sampler penetration) using an automatic hydraulic actuated 140 

pound hammer free falling 30 inches. Unless noted otherwise on the boring logs, the sample 

driving resistance was recorded as number of blows per six inches of penetration. The results of 

the penetration tests are presented on the borings logs provided in the appendix of this report. 

 

The recovered soil and rock core samples were removed from the sampler, sealed to reduce 

moisture loss, and submitted to the Wood and ACS Services, LLC (ACS) laboratories. All borings 

were backfilled in accordance with permit requirements.  The upper 6 inches of borings S-01 and 

S-03 was capped with quick-set concrete to repair the roadway surface.  Test Boring logs are 

presented in the Geotechnical Technical Memorandum provided by Wood which is included at 

the end of this report in the appendix. 
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Table 1:  Summary of Test Borings 

Test Boring No. Feature Station, Offset 

Ground 

Elevation 

(feet) 

Bottom 

Elevation 

(feet) 

Overall Depth 

of Boring 

(feet) 

S-01 Abutment 1 4+24, 8’ L 6,134  6,064 701 

S-02 Center Pier  5+54, 20’ L  6,113 6,033 80 

S-03 Abutment 2 6+93, 8’ L  6,137 6,057  80  
1 Boring was terminated at 70 feet after coring 20 feet into bedrock. 

2.2 Laboratory Testing 

The soil samples obtained during the field investigation were delivered and submitted to the 

Wood and ACS Services, LLC (ACS) laboratories.  Select samples were tested in general 

conformance with the procedures listed in the following table. 

Table 2:  Laboratory Test Methods Applied for Representative Soil Samples 

Geotechnical Test Test Procedure Number of Tests 

Sieve Analysis (Grain Size) ARIZ 201d 9 

Atterberg Limits (Plasticity) AASHTO T 89 and T 90 9 

Total Soluble Sulfates ARIZ 733 3 

Total Soluble Chlorides ARIZ 736 3 

Moisture  ASTM D2216 12 

Moisture/Density of Soil In-Place ASTM D2937 9 

Direct Shear Test ASTM D6080 3 

Consolidation Test ASTM D2435 1 

Unconfined Compressive Strength of Rock (strength) ASTM D7012 2 

Unconfined Compressive Strength of Rock (density) ASTM D7012 2 

 

A summary of all laboratory test results is presented in the Geotechnical Technical 

Memorandum provided by Wood at the end of this report. 

3.0 SUBSURFACE CONDITIONS 

3.1 Soil Conditions 

The subsurface investigation encountered both native and fill soils, in addition to bedrock at one 

location.  The north abutment boring location, S-01, encountered siltstone at a depth 50 feet 

below the surface.  Siltstone layers were not encountered within the explored depths in borings 

at S-02 and S-03 located near the central pier and the south abutment location.  

 

At the test boring locations, the approaches to the existing bridge are comprised of silty to 

poorly graded sand fill that was likely placed at the time of the original bridge construction.  

These fills were encountered at the abutment test borings S-01 and S-03 to depths of 8 and 6 

feet below the pavement surface respectively.  The pier test boring S-02 was advanced in the 

median between the westbound and eastbound I-40 lanes.  At the location of these test borings, 
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the subsurface soils below the fill soils were stratified and interbedded layers of sand, silt, and 

clay.  The thickness of each layer was found to vary across the site.   

 
Table 3 below represents a stratigraphic view of the soil profile at the test boring locations in 

five foot increments with the sand segments shaded in tan and the clay and silt segments 

shaded in a lighter reddish tan.  The siltstone horizons are shaded in a darker tan.  The 

difference in the depths of the borings is generally consistent with the differences in ground 

elevation at the boring locations.  

 

Table 3:  Stratigraphic View of Subsurface Profile 

 

3.2 Groundwater Conditions 

Groundwater was encountered at two of test boring locations at the time of our investigation.  

The elevation of the water level surface was approximately 6,050 feet MSL at the pier and at the 

south abutment.  

 

The observed groundwater level conditions indicated on the logs are as recorded at the time of 

exploration.  These groundwater level conditions may vary considerably, with time, according to 

the prevailing climate, rainfall or other factors and are otherwise dependent upon the duration 

of and methods used in the exploration program. 

Abut 1 (S-01) Pier 1 (S-02) Abut 2 (S-03)

USCS USCS USCS

6,135 Asphaltic Concrete Asphaltic Concrete 6,135

6,130 SP-SM SM 6,130

6,125 SC SM 6,125

6,120 SM SM 6,120

6,115 SP-SM CL 6,115

6,110 SM SP-SM SM 6,110

6,105 CL CL CL 6,105

6,100 CL CL CL 6,100

6,095 CL CL-ML CL 6,095

6,090 SC CL-ML CL-ML 6,090

6,085 SC CL-ML CL-ML 6,085

6,080 Si l ts tone CL-ML CL-ML 6,080

6,075 Si l ts tone SC CL 6,075

6,070 Si l ts tone SM CL 6,070

6,065 Si l ts tone SC* SC* 6,065

6,060 Si l ts tone SC CL 6,060

6,055 SC CL 6,055

6,050 SC * groundwater at 74' BGS 6,050

6,045 SC 6,045

6,040 SC 6,040

6,035 SC 6,035

6,030 CL 6,030

6,025 * groundwater at 50' BGS 6,025

6,020 6,020

6,015 6,015

Elevation 

(ft. MSL)

Elevation 

(ft. MSL)
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3.3 Seismicity 

AASHTO requires a seismic analysis based on earthquake ground motions that have a seven 

percent probability of exceedance in 75 years (approximate 1000-year return period).  Based on 

the geotechnical investigation blow counts which ranged from 1 to 50, an average blow count of 

14 was determined using the soil type/profile values from Table 3.10.3.1-1 of the Load 

Resistance and Factor Design (LRFD) Bridge Design Specification (AASHTO, 2013).  Site Class D 

was selected since the N-values were between 15 and 50 blows per foot of penetration.  The 

seismic design parameters were derived using the United States Geological Survey (USGS) 

Seismic Design Maps online tool (USGS 2019) and selecting the 2009 AASHTO option.  The USGS 

application uses the site latitude and longitude to develop seismic design parameters.  The 

results are presented in the table below. 

Table 4:  Seismic Design Parameters 

Seismic Design Parameter Period (seconds) Spectral Acceleration Value (g) 

Peak Ground Acceleration (PGA) 0.0 0.073  

Mapped Short-Period Spectral Acceleration (SS) 0.2 0.146 

Mapped One-Second Spectral Acceleration (S1) 1.0 0.050 

Design Peak Ground Acceleration (As) 0.0 0.12 

Design Short-Period Spectral Acceleration (SDS) 0.2 0.23 

Design One-Second Spectral Acceleration (SD1) 1.0 0.12 

Seismic Design Parameter Value 

Site Amplification Factor at 0.2 second (Fa) 1.6 

Site Amplification Factor at 1.0 second (Fv) 2.4 

Site Amplification Factor, FPGA 1.6 

Site Latitude 35.28884°   

Site Longitude -109.15804° 

 

The site specific 1-second spectral acceleration (SD1) value of 0.12 for this site is less than 0.15 g 

indicating that the site is classified as a Seismic Zone 1  as identified in Table 3.10.6-1 of AASHTO 

(2013). 

4.0 FOUNDATION RECOMMENDATIONS 

4.1 Foundation Types 

Deep foundations will be needed for the bridge piers and abutments.  Deep foundations 
typically consist of driven piles or drilled shafts.  While driven piles with appropriate driving tips 
and modern driving equipment can be feasible for the project, the project team has decided to 
use drilled shaft foundations to support the new bridge structure.  Constructions considerations 
for drilled shafts are discussed in Section 4.4. 
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4.2 Recommendations for Drilled Shafts 

The drilled shaft recommendations for this project are included in Section 4.0 of the 

Geotechnical Technical Memorandum provided by Wood for this project which is included in the 

appendix of this report. 

4.3 Lateral Earth Pressure on Abutment Walls 

The proposed abutment walls with level backfill that are unrestrained and free to displace at 

least 0.1 percent of the wall height at the top of the wall should be designed for the active earth 

pressure condition. An equivalent fluid pressure of 35 pounds per square foot per foot (psf/ft) 

may be applied to the back of the wall to simulate this loading condition. 

 

The displacement of rigid walls is not anticipated to develop active earth pressure conditions 

and should be designed for the at-rest earth pressure condition. An equivalent fluid pressure of 

55 psf/ft may be applied to the back of the wall to simulate this loading condition. 

 

Structure backfill should be in accordance with Section 203 of the ADOT Standard Specifications 

(2021) and placed in accordance with ADOT Standard Drawings SD 7.01. The lateral earth 

pressure design values are based on the retained material to be free-draining structural backfill 

with a compacted moist unit weight of 120 pcf with an effective (drained) angle of internal 

friction of 33 degrees  The surface of the retained backfill is assumed to be level.  Additionally 

wall drainage provisions, such as weep holes, are to be implemented to prevent hydrostatic 

pressures from developing behind the retaining walls.  If free-draining backfill or backfill 

drainage provisions are not implemented, a full hydrostatic pressure of 62.4 pcf should be 

included in the design of the retaining walls. For sloping backfill, the appropriate equivalent fluid 

pressure distribution as described above should be applied over the full length of a vertical 

plane extending from the back (heel) of the footing to the point of intersection with the finished 

grade slope. Surcharge loads, such as traffic loading and temporary construction loads, and 

hydrostatic pressure, if applicable, should be included with lateral earth pressures as 

appropriate based on anticipated loading conditions. 

4.4 Construction Considerations 

All drilled shaft excavation techniques should be in accordance with the Section 609 of ADOT 

(2021) and the project-specific special provisions.  Any changes to the drilled shaft tip elevations 

must be approved by ADOT.  Quality control during the drilled-shaft construction should include 

those items specifically called out in the Section 609 of ADOT (2021), and the special provisions 

provided for this project.  A detailed quality control report should be submitted for each shaft. 
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5.0 ROADWAY RECOMMENDATIONS 

5.1 Pavement Design Information 

The recommended R-values are presented in the table below. 

Table 5:  Recommended R-Values 

Recommended R-Values 

Station R-mean R-control 

Entire project 30 30 

 

R-mean should be used to design pavement structure. R-control values should be used to 

develop the Subgrade Acceptance Chart.  Material that is excavated within the project limits and 

is used as a fill material within three feet below the finished subgrade elevation shall meet the 

Subgrade Acceptance Chart. Recommendations for pavement design are presented in separate 

Materials Design Report (MDR) and Pavement Design Summary (PDS) prepared by ADOT 

Roadway Group - Pavement Design Section. 

5.2 Earthwork Factors 

Earthwork factors are dependent on the existing soil conditions, contractor methods of handling 

the materials, wind losses and compaction achieved during construction. Potential bidders 

should consider these factors in preparing the estimates and are encouraged to review all 

available data and make their own conclusions regarding excavation conditions.  For the 

purpose of design volume estimation, the recommended Earthwork Factors for this project are 

provided in following table.  

Table 6:  Earthwork Factors 

Earthwork Factors 

Station Ground Compaction Excavation Factor 

Entire project 0.10 feet 10% shrink 

5.3 Slopes 

The slopes within the construction area should be constructed in conformance to ADOT 

standard construction drawings C-02.20.  The slope within the affected reconstruction area 

should be constructed in accordance with the standard specifications.  

5.4 Water Requirements 

Approximately 70 gallons of water per cubic yard may be estimated for compaction of base and 

subgrade materials.  This estimate is based on the tested optimum compaction moisture 

content and includes a conservative overrun for losses due to seepage, evaporation, inadequate 

mixing, spillage, etc.  Precipitation before and/or during construction may also reduce the 

required amount of water significantly. 
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5.5 Excavation 

Based on the subsurface information gathered during the field investigation the site soils can be 

excavated with conventional earthmoving equipment. Bedrock was encountered at the test 

boring location at Abutment 1 at a depth of approximately 50 feet bgs. 

 

The contractor shall review all available information and provide their own assessment to 

determine the equipment and technical requirements that will be used to construct this project 

according to the plans and specifications for this project. 

5.6 Borrow Information 

There is no Department-furnished source for borrow on this project.  Borrow shall be as 

specified in Section 203-9 of the Standard Specifications.  Borrow placed within three feet of 

finished subgrade shall meet the following requirements.  The Plasticity Index (PI) and the 

percent passing the #200 sieve (Minus 200), when used in the equation below, shall give a value 

of X that does not exceed 87. 

X= (Minus 200) + [2.83 (PI)] 
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APPENDIX  

Geotechnical Technical Memorandum provided by Wood 

Environment & Infrastructure Solutions, Inc. 



Wood Environment & Infrastructure Solutions, Inc. 
4600 East Washington Street, Suite 600 

Phoenix, Arizona 85034 
T: (602) 733-6000 
F: (602) 733-6100 

www.woodplc.com 

May 10, 2022 
Wood Project No. 1720214058 

Arizona Department of Transportation 
Bridge Group – Infrastructure Delivery and Operations Division 
205 S 17th Avenue 
MD 613E 
Phoenix, Arizona 85007 

Attn: James Lemmon, RG 
 

RE:  Contract No.: ADOT 2017-016.01  
TRACS No.: 040 AP 351 F0319 01C
Project: Geotechnical Support Services, Allentown TI UP Bridge Rehabilitation 

Mr. Lemmon, 

Wood Environment & Infrastructure Solutions, Inc. (Wood) representatives have completed the 
Geotechnical Support Services for the Allentown TI UP Bridge Rehabilitation project.  This work was 
performed in general accordance with Contract Modification No. 11, dated August 21, 2021, under our 
existing ADOT 2017-016.01 contract.  The Geotechnical Technical Memorandum dated May 9, 2022, and 
prepared by Ethos Engineering, LLC for the above referenced site as requested by Wood and ADOT is 
attached. 

We are committed to providing quality engineering services combined with client satisfaction in order to 
achieve a continuing relationship with our clients.  We appreciate the opportunity to provide these 
services for you.   

If you have any questions regarding this Geotechnical Technical Memorandum, please do not hesitate to 
contact us. 

Respectfully Submitted, 

Wood Environment & Infrastructure Solutions, Inc.  

Mark Hartig, PE 
Arizona Operations Manager 

Attachments: Geotechnical Technical Memorandum 
 

G:\Geotechnical\2021 Projects\17-2021-4058 ADOT_Allentown TI UP Bridge Rehabilitation\04 EngTech\Final Report\Allentown Transmittal Letter.docx 

Mark Hartig PE



GEOTECHNICAL TECHNICAL MEMORANDUM
ALLENTOWN TI UP BRIDGE REPLACEMENT

MP 351.35 ALONG INTERSTATE 40
ADOT PROJECT NO. 040 AP 351 F0319 01D

WOOD PROJECT NO. 17-2021-4058
PHOENIX, ARIZONA

Prepared for:

Mr. Mark Hartig, PE
Wood Environment & Infrastructure Solutions, Inc.

4600 East Washington Street, Suite 600
Phoenix, Arizona 85034

Prepared by:

Ethos Engineering, LLC
9180 South Kyrene Road, Suite 104

Phoenix, Arizona 85284

Ethos Project No. 2022026
May 9, 2022



May 9, 2022
Ethos Project No.: 2022026

Mr. Mark Hartig, PE
Wood Environment & Infrastructure Solutions, Inc.
4600 East Washington Street, Suite 600
Phoenix, Arizona 85034

SUBJECT: Geotechnical Technical Memorandum
Allentown TI UP Bridge Replacement
MP 351.35 along Interstate 40
ADOT Project No. 040AP 351 F0319 01D
Wood Project No. 17-2021-4058
Apache County, Arizona

Dear Mr. Hartig:

Ethos Engineering, LLC is pleased to present the information from the geotechnical exploration 
for the proposed Allentown TI UP Bridge Replacement located at milepost 351.35 along Interstate 
40 (I-40) in Apache County, Arizona. This report provides the results of the geotechnical field 
investigation, laboratory testing and drilled shaft axial resistance design charts. All other geotechnical 
engineering analysis and report preparation will be performed by the Arizona Department of 
Transportation (ADOT).

We appreciate the opportunity to be of service on this project.  If you have any questions regarding 
this memorandum, please do not hesitate to contact us.

Sincerely,
Ethos Engineering, LLC Reviewed By:

Daniel N. Fréchette, PhD, P.E. Jesse R. Huston, P.E.
Senior Geotechnical Engineer Senior Geotechnical Engineer

P:\2022026 - Wood - I-40 Allentown TI\Engineering\Reports\I-40 Allentown Bridge_ Geotech Memo 2022-04-25.docx
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1.0 PROJECT DESCRIPTION

Project 040 AP 351 F0319 01C; Federal Aid No. NHPP-040-E(225)T, Allentown TI UP is a Bridge 
Replacement Project. The project is located on the Allentown Road crossing over I 40 at MP 
351.35 in Apache County, within the Navajo Nation in Allentown. The project limits extend from 
MP 351.0 to 352.0. 

Based on information contained in the project assessment (PA), the purpose of the project is to 
replace the deteriorated bridge. The typical section of the existing bridge consists of two 12-foot-
wide lanes with a paved 3-foot-wide shoulder on each side. I-40 within the project limits has two 
lanes in each direction with an unpaved 84-foot wide median from inside edge of pavement I 40 
eastbound (EB), to inside edge of pavement I 40 westbound (WB).

The existing Allentown TI UP, Structure No. 956, was originally constructed in 1967 under project 
number I 40 5(27)343. The bridge is a four span continuous steel rolled girder bridge, 
approximately 250 feet long with zero skew. The bridge top slab is 7 inches thick with 1.5 inches 
clear cover to the main reinforcement. Both the top slab thickness and clear cover of the existing 
bridge do not meet the current ADOT Bridge Design Guidelines.

The typical section of the existing Allentown TI UP consists of a 30-foot-wide clear roadway 
between concrete barriers. The superstructure consists of 4 steel W36x160 rolled girders. The 
abutments are supported by steel pile foundations and the piers are supported on spread footings. 

Ethos understands the existing bridge will be replaced with a new bridge structure that will include 
a two-lane bridge, one lane in each travel direction. Ethos understands the new bridge will be 
supported on drilled shaft foundations, and the overall footprint of the new bridge will be widened 
to both sides of the current bridge locations. 

2.0 FIELD EXPLORATION

The Field Exploration was completed by Wood Environment & Infrastructure Solutions, Inc. 
(Wood). The field investigation consisted of three (3) borings to depths and at locations specified 
by ADOT. Drilling of the exploratory borings was performed by Geomechanics Southwest, Inc. 
(GSI) the week of January 24, 2022. The field work was supervised by a field engineer/geologist 
provided by Wood.

A summary of the field exploration program is provided in Table 2.1. The test boring locations are 
shown on Figure 1.

Table 2.1 – Field Exploration Program Allentown TI UP Borings

Location ID Project Element Allentown Cst CL
Station Drill Method Depth (feet)

S-01 Abutment 1 4+24, 8’L Auger/Coring 701

S-02 Pier 5+54, 20’L Auger 80
S-03 Abutment 2 6+93, 8’L Auger 80

Note: 1Boring depth was stopped at 70 feet after coring 20 feet into rock. 
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The borings were drilled with truck-mounted CME 85 drill-rig advancing 8-inch outside diameter 
(OD) hollow-stem auger or a 3.5-inch HQ coring system. During the field exploration, the soils 
and rock encountered were visually classified, logged, and sampled by Wood’s field 
engineer/geologist.

Relatively undisturbed samples of the subsurface soils were obtained using a ring sampler with a 
2.42-inch inside diameter (ID) and 3-inch OD. Disturbed samples of soils were obtained using a 
standard penetration test (SPT) split spoon sampler with a 1.375-inch ID and 2-inch OD.  Bulk 
samples of drill cuttings were also collected at selected near-surface depths from the borings. The 
SPT and ring samplers were driven 18 and 12 inches, respectively, or to refusal (i.e. 50 blows for 
less than a 6-inch interval), using an automatic hydraulic actuated 140-pound hammer free falling 
30 inches. Unless noted otherwise on the boring logs, the sample driving resistance was recorded 
as number of blows per six inches of penetration. The penetration results are presented on the 
borings logs adjacent to each sample.

The recovered soil and rock core samples were removed from the sampler, sealed to reduce 
moisture loss, and submitted to the Wood and ACS Services, LLC (ACS) laboratories. All borings 
were backfilled in accordance with permit requirements. The upper 6 inches of Borings S-01 and 
S-03 were capped with quick-set concrete to repair the roadway surface. The logs of the 
exploratory borings are presented in Appendix A.

3.0 LABORATORY TESTING

Selected laboratory tests were assigned by Wood and reviewed by ADOT prior to testing. Lab 
testing was performed on representative samples recovered from the borings to support the field 
classification and to provide information regarding engineering characteristics and properties of 
the subsurface soils and rock. The laboratory testing program is listed in Table 3.1. The results of 
the laboratory tests are presented in Appendix B.

Table 3.1 – Laboratory Testing Program

Laboratory Test Sample 
Type

Number of 
Tests Purpose of Test

Sieve Analysis (ASTM C136) Bulk/SPT 9 Soil Classification
Atterberg Limits (ASTM D4318) Bulk/SPT 9 Soil Classification
Moisture (ASTM D2216) Bulk/SPT 12 Moisture Conditions

Moisture/Density (ASTM D2937) Ring 9 In-Situ Density and Moisture 
Conditions

Consolidation Test (ASTM D2435) Ring 1 Soil Settlement Characteristics
Direct Shear (ASTM D3080) Ring 3 Soil Strength Characteristics

Sulfates & Chloride (AZ 733/736) SPT/Bulk 3 Concrete/Soil Degradation 
Potential

Unconfined Compressive Strength of 
Rock (ASTM D7012) Core 2 Compressive Strength of Rock 

Unconfined Compressive Strength of 
Rock (ASTM D7012) Core 2 Density of Rock
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4.0 ENGINEERING ANALYSES AND RECOMMENDATIONS

4.1 DRILLED SHAFT FOUNDATIONS

The recommended design criteria presented herein are applicable to the bridge foundations and 
are based on the AASHTO LRFD procedures presented in AASHTO LRFD Bridge Design 
Specifications (AASHTO 2012). The axial compression resistances of the drilled-shaft 
foundations were determined using ADOT's Development of Drilled Shaft Axial Resistance Charts 
for Use by Bridge Engineers Based on LRFD Methodology DS-1 memorandum (ADOT 2010a). 
The ADOT memorandum outlines the development of drilled shaft axial resistance charts based 
on methods specified in AASHTO LRFD Bridge Design Specifications (AASHTO 2010). The 6th 
Edition of the AASHTO LRFD Bridge Design Specifications (AASHTO 2012) was used for this 
foundation design in accordance with current ADOT policy. 

The recommended design criteria presented herein are applicable to drilled, cast-in-place 
concrete shaft foundations and are based on AASHTO LRFD procedures (AASHTO 2012). The 
drilled shaft foundations for the project were designed using the methods outlined for very moist 
or wet cohesive soils (i.e., the alpha method) and cohesionless or drained-cohesive soils (i.e., the 
beta method), based on the subsurface profile at each bridge element. For the beta method 
analysis, refusal blow counts were limited to 50 (AASHTO 2012). 

A summary of the drilled shaft design charts is presented in Table 4.1. The drilled shaft design 
charts are presented in Appendix C by foundation element. Development of strength and service 
limit charts is further discussed in the following sections. 

Table 4.1 – Summary of Drilled Shaft Design Charts
Axial Resistance Design ChartsStructure Strength Limit State Service Limit State

Abutment 1 1 2A through 2D
Pier 1 and 2 3 4A through 4D
Abutment 2 5 6A through 6D

4.2 DRILLED SHAFT AXIAL RESISTANCE

The axial compression resistances of drilled shaft foundations for the project were determined 
using both tip and side resistance. The axial resistance design charts presented in Appendix C 
are applicable for redundant conditions. For non-redundant conditions, the resistance should be 
reduced by 20 percent. The provided design charts in Appendix C can be used for non-redundant 
conditions by increasing the applied loads by a factor that is the inverse of the reduction factor, 
and then entering the charts with the increased loads. A resistance factor of 0.8 (i.e., 80 percent) 
for non-redundant conditions corresponds to a load factor of 1.25 (i.e. 1/0.8=1.25) or an increase 
in the load by 25 percent. 

The following sections provide design recommendations for strength and service limit states for 
drilled shaft foundations at the Allentown Bridge TI UP. A minimum drilled-shaft diameter of 4 feet 
is recommended to facilitate construction of the shafts. 
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4.2.1 Strength Limit State

Resistance factors used in the determination of the vertical resistance for drilled shafts are a 
function of the design methodology. The drilled shaft capacities were calculated using a 
combination of the beta method and alpha method for side resistance and tip resistance. 
Specifically, the beta method was utilized for the granular soils and the Abutment 1 soils, as they 
were only slightly moist. The fine-grained very moist to wet soil layers encountered at the Pier 
and Abutment 2 utilized the alpha method. 

Procedures from AASHTO (2012) were also used to calculate tip resistance as presented in 
Article 10.8.3.5.2. The corresponding resistance factors for geotechnical resistance of drilled 
shafts are 0.55 and 0.5 for beta method side resistance and end bearing, respectively, and 0.45 
and 0.4 for alpha method side resistance and end bearing, respectively, as presented in Table 
10.5.5.2.4-1 of AASHTO (2012). These resistance factors assume redundant foundations as 
defined in Section 10.5.5.2.4 of AASHTO (2012) and Section 10.5.5.2.4 of the ADOT Bridge
Practice Guidelines (2011).

4.2.2 Service Limit State

The vertical resistance provided by the soil is a function of the relative movement between the 
drilled shaft and the surrounding soil. Article 10.8.2.2.2 of AASHTO (2012) and ADOT (2010) 
provide relationships for the development of skin friction and end bearing as a function of 
settlement normalized to the drilled shaft diameter for various soil types. The vertical resistances 
for the drilled shafts at several vertical displacement (i.e., settlement) values were calculated 
using these relationships. It is important to note that the estimated settlement values used to 
develop the service limit charts considered immediate settlement only. The long-term settlement 
due to consolidation needs to also be assessed. A consolidation test was performed on a relatively 
undisturbed sample obtained from near the planned drilled shaft tip elevation at the Pier to 
characterize the long-term settlement behavior of the saturated clayey soils. Using the applied 
bearing pressure at the base of the shaft when subjected to the service limit state loads, an 
estimated strain due to consolidation was determined. The strain was applied over a vertical 
distance below the shaft tip equal to two times the diameter of the drilled shaft. The results were 
an additional consolidation (i.e., long-term) settlement of 1.0 to 1.4 inches at the Pier and 
Abutment 2, respectively. Table 4.2 summarizes the locations evaluated for long-term settlement 
and includes the total settlement.

Table 4.2 – Summary of Consolidation and Total Settlement in Cohesive Soils

Structure 
Element

Assumed 
Diameter 

(B)

Assumed 
Service 

Load 
(kips)

Assumed 
Embedment 

Elevation 
(feet)

Consolidation 
Settlement 

(inches)

Immediate 
Settlement 

(inches)

Total 
Settlement 

(inches)

Pier 7 990 6051 1.0 0.1 1.1
Abutment 

2 6 639 6058 1.4 0.1 1.5

4.2.3 Group Effects - Axial

Design criteria for reductions in axial resistance resulting from group effects are presented in 
Sections 10.7.3.9 and 10.8.3.6 of the AASHTO (2012) manual. The design charts presented in 
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Appendix C apply to single shafts and do not include a group reduction factor. For axial capacity 
reductions due to group effects, the factored loads should be increased by the inverse of the 
appropriate reduction factor when using the design charts.

For cohesionless materials the individual nominal resistance of each shaft in a group should be 
reduced by a factor, , presented in Table 10.8.3.6.3-1 of AASHTO (2012) and reproduced in 
Table 4.3. Based on available design information, drilled shafts at Abutment 1 will be embedded 
in cohesionless or drained-cohesive materials and should be evaluated for group effects using 
Table 4.3. 

For a single row of drilled shafts, the minimum center-to-center spacing should be two diameters, 
and the appropriate reduction factors determined by linear interpolation for center-to-center 
spacing between two and three diameters. The reduction factors should be applied equally to all 
shafts within the group regardless of location within the group.

Table 4.3 – Group Reduction Factors for Bearing Resistance in Cohesionless Materials

Shaft Group 
Configuration

Shaft Center-to-
Center Spacing Special Conditions

Reduction 
Factor for 

Group Effects, 
2D --- 0.90

Single Row
3D or more --- 1.0

2.5D --- 0.67

3D --- 0.80Multiple Row

4D or more --- 1.0

Single and 
Multiple Rows 2D or more

Shaft group cap in intimate contact with ground 
consisting of medium dense or denser soil, and 

no scour below the shaft cap is anticipated
1.0

Single and 
Multiple Rows 2D or more

Pressure grouting is used along the shaft sides 
to restore lateral stress losses caused by shaft 

installation, and the shaft tip is pressure 
grouted

1.0

For cohesive materials, the nominal bearing resistance shall be taken as the sum of individual 
nominal resistances of each pile in the group, or the nominal resistance of an equivalent pier 
consisting of the piles and block of soil within the area bounded by the piles, whichever is less. 
An efficiency factor, , should be multiplied by the individual nominal resistance of each pile if the 
cap is not in firm contact with the ground and is summarized in Table 4.4. If the soil is stiff or if the 
cap is in firm contact with the ground, then an efficiency factor reduction should not be applied. 
Since this site is anticipated to have limited to no fill placed at the project site, if the cap is placed 
on or within the native soils, it should be designed as if the cap is in contact with the ground. 
Otherwise, the cap should be designed as if it is not in contact with the ground. Based on available 
design information, drilled shafts at the Pier and Abutment 2 will be embedded in cohesive 
material and should be evaluated for group effects using Table 4.4.
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Table 4.4 – Group Reduction Factors for Bearing Resistance in Cohesive Materials 

Drilled Shaft Center-to-
Center Spacing

0.65 2.5 diameters
1.0 6.0 diameters

Note: 
Linear interpolation is required for intermediate spacings.
Efficiency factors for caps not in firm contact with the ground.

5.0 CLOSURE

The geotechnical services were performed in a manner consistent with that level of care and skill 
ordinarily exercised by other members of the geotechnical profession practicing in the same 
locality, under similar conditions and at the date the services are provided. Our conclusions, 
opinions and recommendations are based on the completed test borings, visual observations and 
the review of plans prepared by others. It is possible that conditions could vary beyond the data 
evaluated. Ethos makes no guarantee or warranty, express or implied, regarding the services, 
communication (oral or written), report, opinion, or instrument of service provided.

This report may be used only by the Client and their representatives, and only for the purposes 
stated, within a reasonable time from its issuance. Land use, site conditions (both on site and off 
site), or other factors may change over time, and additional work may be required with the 
passage of time. Any party other than the Client who wishes to use this report shall notify Ethos 
of such intended use. Based on the intended use of the report, Ethos may require that additional 
work be performed and that an updated report be issued. Non-compliance with any of these 
requirements by the Client or anyone else will release Ethos from any liability resulting from the 
use of this report by any unauthorized party.
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Drilled Shaft Axial Resistance Design Charts
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