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NOTES

1.  Per Section 6 of UDOT Structures Design Manual, "Expected Earthquake" (EE)
ground motions correspond to a 10% probability of exceedance in 50 years.

2.  The horizontal response spectra were constructed using a 3-point method 
required by Section 6 of the UDOT Structures Design Manual and as provided
in 2008 AASHTO LRFD Guidelines.
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NOTES

1.  Response spectrum parameters are for the "Maximum Considered Earthquake"
(MCE) as defined in ATC-49 and Section 6 of UDOT Structures Design Manual
and corresponds to a 2% probability of exceedance in 50 years.  

2.  The horizontal response spectra were constructed using a 3-point method 
required by Section 6 of the UDOT Structures Design Manual and as provided
in 2008 AASHTO LRFD Guidelines.
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GEOTECHNICAL DESIGN MEMORANDUM GD-4 
PIONEER CROSSING, LEHI, AND I-15 AMERICAN FORK INTERCHANGE 

LIQUEFACTION ANALYSES AND GROUND IMPROVEMENT RECOMMENDATIONS 

1.0 DESIGN MEMORANDUM SCOPE 

This Geotechnical Design Memorandum summarizes our evaluation of liquefaction potential and 
associated effects (e.g., reduced soil shear strength and lateral spreading) at the Jordan River 
Bridge and its approaches, the mechanically stabilized earth (MSE) wall section from 
Station 630+50 to 640+50, and the Post and Panel wall section from Station 650+50 to 660+00: 

 Jordan River Bridge – Conveys proposed alignment over the Jordan River 
 MSE Wall Section – Reduces impact on nearby wetlands 
 Post and Panel Wall Section – Reduces impact on nearby wetlands  

This memorandum provides our recommendations for ground improvement at the Jordan River 
Bridge east abutment to mitigate effects of liquefaction on abutment stability. 

Related analyses procedures, criteria, and data are presented in the following Geotechnical 
Design Memoranda and report: 

 GD-2, Geotechnical Analysis and Design Methodologies (Shannon & Wilson, 2009b) 

 GD-3, Seismic Design Criteria (Shannon & Wilson, 2009c) 

 GD-5, Pioneer Crossing Approach Fill, Embankment Stability, and Jordan River Bridge 
(Shannon & Wilson, 2009d) 

Final versions of these and other geotechnical design memoranda issued for the project will be 
compiled into the Pioneer Crossing, Lehi, and I-15 American Fork Interchange Project 
Geotechnical Report upon completion of the geotechnical engineering design phase of the 
project.  General limitations on the use of this memorandum and recommendations presented 
herein are presented in Geotechnical Design Memorandum GD-1 (Shannon & Wilson, 2009a).   
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2.0 LIQUEFACTION EVALUATION 

2.1 Approach 

We evaluated the liquefaction potential at the bridge and wall sites using the Seed simplified 
semi-empirical procedure as revised by: 

 Youd et al. (2001) 
 Idriss and Boulanger (2004) 
 Seed et al. (2003) 
 

In this procedure, the Standard Penetration Test (SPT) blow count or Cone Penetration Test 
(CPT) cone tip resistance is correlated to the liquefaction resistance of the soil (expressed as 
cyclic resistance ratio).  The soil resistance is compared to the earthquake-induced loading 
(expressed as cyclic stress ratio), and a corresponding factor of safety (FS) against liquefaction is 
calculated. 

In general, SPTs performed in mud-rotary borings are considered better indicators of liquefaction 
potential than those from hollow-stem auger (HSA) borings because of seepage pressure and soil 
disturbance (heave) that may occur in HSA borings (Seed et al., 1985).  However, the borings 
provided in the Request for Proposals (RFPs) (Utah Department of Transportation [UDOT], 
2008) used HSA drilling methods.  Therefore, two HSA borings were used in the liquefaction 
analysis at the Jordan River Bridge.   

SPTs were obtained using an auto-hammer.  We assumed a hammer energy transfer rate of 
75 percent in the liquefaction analyses, as recent calibration data for the specific hammers were 
not available.  We based our assumption on work by Biringen and Davie (2008) who summarize 
the results of 220 tests run by them using auto-hammers together with a summary of UDOT and 
Florida Department of Transportation (FDOT) measurements.  Biringen and Davie indicate that 
average energy transfer rates for their measurements, UDOT, and FDOT, were 81.5, 79.6, and 
75.5 percent, respectively.  Standard deviations for their data and FDOT data were 6.4 and 
7.9 percent, respectively.  For our analyses we used the lower (more conservative) UDOT 
average of 75 percent.  For the site soil types, SPT blow counts (e.g., 1 to 4 in SWB-202) and 
ground motion levels, the results of the analyses are relatively insensitive to the range of hammer 
energy efficiencies used in the analyses. 
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CPT soundings were also used to calculate cyclic resistance ratios.  Cyclic resistance ratios 
calculated from CPT data are sensitive to measured soil properties such as Atterberg Limit 
Plastic Index (PI).  PI is measured directly from soil samples collected in SPTs and cannot be 
measured by a CPT.  Therefore, we assumed that SPTs provide a quantitative assessment of 
liquefaction potential superior to CPTs.  CPTs are assumed to provide a more qualitative 
assessment, showing relative trends of liquefaction FS but not necessarily absolute values. 

The boring and CPT locations, boring and CPT logs, laboratory test data, and a description of 
field exploration procedures for the borings are provided in Geotechnical Design Memorandum 
GD-5 (Shannon & Wilson, 2009d). 

We estimated reduced shear strengths for potentially liquefiable soil using relationships by Seed 
and Harder (1990), Olson and Stark (2002), Olson and Stark (2003), Idriss and Boulanger 
(2007), and Kramer (2008).  We estimated volumetric strain using the relationships by 
Tokimatsu and Seed (1987) and Ishihara and Yoshimine (1992).   

Section 4D.7.5.2 of the RFP indicates that the liquefaction assessments at bridge sites include, as 
a minimum: 

 Supplemental exploratory borings (as required),  

 Geologic reconnaissance and history research (including review of available aerial 
photographs), and  

 Additional site-specific topographic surveys (as needed) to assess lateral spreading 
hazards and develop mitigation recommendations.   

 
With regard to these requirements, our assessment of liquefaction potential is based on the 
RFP-phase and design phase borings and CPTs (as previously described).  In our opinion, the 
data from these explorations are adequate to characterize the liquefaction potential.  While we 
have reviewed current aerial photos of the area, the principle (and effective) geologic-
reconnaissance-and-history-research activity was excavation and observation of geologic 
materials in the test pit excavations  along the east bank of the Jordan River.  Six test pits 
(SWT-217, SWT-219, SWT-225, SWT-227, SWT-228, and SWT-234) were excavated in the 
vicinity of east bridge abutment, as shown on Figure GD5-2 of GD-5.  The geologic information 
from these test pits (test pit logs are provided in GD-5 Appendix A) are used to evaluate the 
lateral extent of and presence of groundwater in potentially-liquefiable near-surface soils.  In our 
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opinion, the topographic information developed in the current design phase is adequate to assess 
lateral spreading/embankment instability hazard and to develop mitigation recommendations, 
especially considering that the topography will be significantly modified by construction of the 
bridge approach embankment.  

2.2 Ground Motions 

Earthquake loading was determined for the two design ground motion levels specified in 
ATC-49 (2003) and modified in Section 6.2.2 of UDOT (2007).  The two ground motion levels 
are defined as follows: 

 Expected Earthquake (EE) – Ground motions with a 10 percent probability of exceedance 
in 50 years (about a 500-year return period).  

 Maximum Considered Earthquake (MCE) – Ground motions with a 2 percent probability 
of exceedance in 50 years (about a 2,500-year return period).   

Peak ground accelerations corresponding to EE and MCE ground motion levels are provided in 
Geotechnical Design Memorandum GD-3 (Shannon & Wilson, 2009c) and are 0.27g and 0.46g, 
respectively.  We used a magnitude of MW = 7.0 for both the EE and MCE.  These magnitudes 
are modal values from the U.S. Geological Survey 2002 National Seismic Hazard Mapping 
Project (Frankel et al., 2002) ground motion hazard deaggregation. 

2.3 Jordan River Bridge 

For the Jordan River Bridge, cyclic resistance ratios were calculated for SPTs conducted in the 
two borings drilled for the proposal phase using HSA techniques (B-03 and B-08), one boring 
drilled for the design phase using mud-rotary drilling techniques (SWB-202), and two CPTs 
(SWC-211 and SWC-220) pushed for the design phase.  Groundwater was assumed to be within 
about 4 feet of the existing ground surface.   

2.3.1 Liquefaction Extent 

Calculated FSs versus depth for the Jordan River Bridge borings and CPTs are shown in 
Figures GD4-1 through GD4-5 and GD4-6 through GD4-10 for the EE and MCE ground motion 
levels.  Our calculations show that the FSs against liquefaction for layers or zones of sandy soil 
are less than 1.1 from the groundwater table to a depth of approximately 44 feet below the 
existing ground surface (bgs) for EE and MCE ground motion levels.   
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Beneath the west abutment, sandy layers between depths of approximately 13 and 17 feet 
and 25 to 32 feet have calculated FSs less than 1.1.  These layers appear to be discontinuous.  At 
a depth of about 39 to 44 feet bgs, there appears to be a relatively continuous layer of medium 
dense sand with FSs less than 1.1 for both MCE and EE ground motion levels, and it appears that 
this layer extends east across the river and beneath the east abutment.   

Beneath the east abutment, calculated FSs against liquefaction are less than 1.1 from the 
groundwater table to a depth of 12 feet bgs.  This zone of potentially liquefiable soil appears to 
be laterally continuous eastward in the direction perpendicular to the proposed roadway 
alignment.  A discontinuous zone of potentially liquefiable soil was encountered at 
approximately 17 to 18 feet bgs at the east abutment.  At a depth of about 34 to 36 feet bgs, a 
layer of medium dense sand with FSs less than 1.1 for both MCE and EE ground motion levels is 
present and appears to be laterally continuous with the sand layer observed between 39 and 
44 feet bgs beneath the west abutment. 

2.3.2 Liquefaction Effects 

The effects of liquefaction may include reduced soil shear strength and associated lateral 
spreading or embankment instability, and settlement.   

Liquefaction-induced reduced shear strength estimates are presented in Figures GD4-11 
through GD4-13. 

We performed stability analyses for the embankments that incorporate the reduced soil 
shear strengths (see GD-5, Appendix C, Figures GD-5-C-4, -8, -16, and -21).  The discontinuous 
zones beneath the abutments that  are not interbedded in soft cohesive soils were explicitly and 
conservatively modeled as continuous layers in the stability models.  Discontinuous zones that 
are interbedded in soft cohesive soils were not explicitly modeled; the shear strength of the larger 
encompassing soft cohesive soil zone was reduced by 15 percent for post-seismic liquefied soil 
stability analyses.  As described in GD-5, the post-seismic liquefied soil stability met UDOT 
requirements (UDOT, 2006).   

To mitigate the liquefaction potential between the groundwater table and 12 feet bgs at 
the east abutment, a zone of improved ground was included in the stability analyses (see GD-5, 
Appendix C, Figure GD-5-C-1 through -4).  In the east abutment stability analyses, the improved 
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ground was modeled with the shear strength of compacted structural fill (phi = 36 degrees).  
Recommendations for ground improvement at the east abutment are provided in Section 3 of this 
memorandum. 

In general, we estimate the volumetric strain in the liquefiable soil would be on the order 
of 2 to 4 percent which corresponds to about 1 to 2 inches of settlement for EE and MCE ground 
motions, respectively.  Based on these strain levels and the thickness of the potentially 
liquefiable soils beneath each abutment, recommendations for liquefaction-induced down-drag 
on the abutment pile foundations are provided in GD-5.  The depth of liquefaction-induced 
down-drag incorporated into the pile resistance recommendations in GD-5 are 44 and 35 feet bgs 
for the west and east abutments, respectively (see GD-5, Figures GD5-9 and -10). 

2.4 Mechanically Stabilized Earth (MSE) Wall Section 

For the MSE wall, cyclic resistance ratios were evaluated from SPTs conducted in one design 
phase mud-rotary boring (SWB-203) and two design phase CPTs (SWC-212 and SWC-213).  No 
subsurface explorations were provided in the RFP (UDOT, 2008).  The groundwater was 
assumed to be within about 2 feet of the existing ground surface.  

2.4.1 Liquefaction Extent 

Calculated FSs versus depth for the MSE Wall section boring and CPTs are shown in 
Figures GD4-14 through GD4-16, and GD4-17 through GD4-19 for the EE and MCE ground 
motion levels.  Our calculations show FSs against liquefaction are less than 1.1 for a layer 
encountered 13 to 17 feet bgs for EE and MCE ground motion levels.  For CPT SWC-212, our 
calculations show FSs that are less than 1.1 for zones 31 to 35 feet and 47 to 50 feet bgs. 

2.4.2 Liquefaction Effects 

The potential effects of liquefaction include a reduction in soil shear strength, settlement, 
and global wall instability. 

Liquefaction-induced reduced shear strength estimates are presented in Figure GD4-20.  
Reduced shear strengths were incorporated into the post-seismic, liquefied-soil global stability 
analyses presented in GD-5, Appendix C, Figure GD5-C-25.  As described in GD-5, the post-
seismic liquefied soil stability met UDOT requirements. 



SHANNON & WILSON, INC. 
 

 
 
GD-4 Liquefaction Analysis FINAL.docx/wp/cij 23-1-01178-010 

7 

We estimate volumetric strain in the liquefiable soil layer 13 to 17 feet bgs would be on 
the order of 2 to 4 percent, which corresponds to about 1 to 2 inches of settlement. 

2.5 Post and Panel Wall Section 

For the Post and Panel Wall section, cyclic resistance ratios were evaluated from SPTs 
conducted in one design phase mud-rotary boring (SWB-204) and two design phase CPT 
(SWC-214 and SWC-215).  No subsurface explorations were provided in the RFP (UDOT, 
2008).  The groundwater was assumed to be within about 6 feet of the existing ground surface.   

2.5.1 Liquefaction Extent 

Calculated FSs versus depth for the Post and Panel Wall section boring and CPTs are 
shown in Figures GD4-21 through GD4-23, and GD4-24 through GD4-26 for the EE and MCE 
ground motion levels.  Our calculations based on boring SWB-204 show FSs against liquefaction 
that are greater than 1.1 for length of the profile for EE and MCE ground motion levels.  Our 
calculations based on CPT SWC-214 and SWC-215 show FSs against liquefaction less than 1.1 
for scattered zones below the groundwater table to approximately 50 feet bgs.   

Calculated FSs less than 1.1 are identified in lenses in CPT SWC-215 and are less 
numerous in CPT SWC-214.  In our opinion, the potential for liquefaction at this location appear 
to be low.  No liquefaction is indicated by the SPTs and the distribution of the low FSs for the 
CPT soundings indicates that if liquefaction were to occur, it would be in discontinuous scattered 
zones.   

2.5.2 Liquefaction Effects 

The potential effects of liquefaction include a reduction in soil shear strength, settlement, 
and global wall instability.  Consistent with the low liquefaction potential of the soil at this 
location, the potential for lateral spreading, significant soil strength loss, and settlement are also 
low, in our opinion.  For our post-seismic stability analyses, we assumed the majority of the 
shear strength of the soft cohesive soil would be reduced by 15 percent in post-seismic 
conditions (see GD-5, Appendix C, Figure GD5-C-29).  As described in GD-5, the post-seismic 
stability met UDOT requirements. 
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3.0 JORDAN RIVER BRIDGE EAST ABUTMENT LIQUEFACTION MITIGATION 

3.1 Mitigation Approach 

As described in Section 2.3.2 of this memorandum, ground improvement is required to meet 
UDOT stability requirements for the post-seismic, liquefied-soil conditions.  To meet stability 
requirements at the east abutment (see stability analyses in GD-5, Appendix C, 
Figure GD5-C-4), ground improvement was required for the potentially liquefiable soil between 
the groundwater table and 12 feet bgs.  We modeled improved ground that extends from 
approximately 5 feet west of the east abutment to approximately 33 feet east of the east 
abutment.  The improved ground was modeled with a shear strength of 36 degrees.  This shear 
strength is typical of a well compacted, granular structural fill.  At this modest improved-ground 
shear strength, the critical failure surface is forced below the improved ground and into the 
underlying cohesive soils.  Deeper potential failure surfaces meet UDOT stability requirements.   

Based on site constraints and specialty contractor availability, we understand that Kiewit/Clyde, 
in conjunction with Access Utah County, has selected to use deep soil mixing (DSM) to improve 
the ground.   

Our DSM liquefaction mitigation recommendations are based on our review of published, peer-
reviewed literature (e.g., Martin et al., 2004; Durgunoglu, 2006; O’Rourke and Goh, 1997) and 
recent studies by Shannon & Wilson (2008a) for liquefaction mitigation on specific projects 
(e.g., Alaskan Way Viaduct and Seawall Replacement Program, Dynamic Soil Structure 
Interaction Analyses Report, 2008).  These studies show that replacement of potentially 
liquefiable soil by soil cement at an area replacement ratio of about 0.3 increases the overall 
stiffness of the soil mass, reduces shear strains, and can thereby reduce liquefaction potential at 
even relatively high levels of earthquake ground shaking, such as MCE ground motions at the 
Jordan River Bridge site.  

3.2 Deep Soil Mixing (DSM) Ground Improvement Recommendations 

Cement DSM is a process to treat soil in situ to increase shear strengths, improve compressive 
behavior, and decrease permeability.  DSM typically involves a series of one to four 
hydraulically driven, 18- to 72-inch-diameter mixing augers.  As penetration occurs, bentonite, 
cement, lime, or other stabilizing slurry is injected into the soil through the HSAs.  The auger 
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flights penetrate and break loose the soil and lift it to the mixing paddles, which blend the soil 
and slurry.  As the augers continue to advance, the soil and slurry may be remixed by additional 
paddles.  DSM has been used to treat soil as much as 90 feet deep, and has been used for 
structural cut-off walls, block treatment for foundations, and low strength piles and to mitigate 
liquefaction susceptible soil. 

3.2.1 Deep Soil Mixing (DSM) Strength 

 The engineering properties of the soil cement (the product of DSM) vary with the soil, 
type of slurry, injection rate, auger advance rate, and several other factors.  It is common to 
specify the soil cement properties and allow the contractor to select appropriate equipment and 
design the mix.  Typically, soil cement strength increases with curing time and is inversely 
proportional to mixing water content. 

 Because of the alternating layers of sand, gravel, and clay in the improvement zone, we 
assumed a uniform minimum design unconfined compressive strength of 50 pounds per square 
inch (psi) will be achieved.  This strength is consistent with the assumptions for improved 
ground strength used in our stability analyses.  It is typical construction practice to specify the 
minimum soil strengths that must be obtained from the DSM.  Therefore, we recommend: 

 The average design unconfined compressive strength of the DSM soil cement be 100 psi 
at 28 days. 

 The minimum allowable measured unconfined compressive strength of the DSM soil 
cement be 50 psi at 28 days.   

 Perform testing on production DSM columns to measure strength as follows: 

– Core 2.5 percent of the DSM columns (approximately four columns) in a continuous 
core through the bottom of the DSM column.  Cores should be retrieved no more 
than seven days following installation of the column.  The holes generated from the 
coring operations should be immediately backfilled using cement slurry specifically 
designed to achieve a minimum of 100 psi unconfined compressive strength at 
28 days. 

– Protect the retrieved core samples in plastic sheeting to maintain in situ moisture 
content until the strength tests are performed.  Store cores in a cool, moist room 
typically specified for storage of concrete cores. 

– Perform unconfined compressive strength testing, in accordance with ASTM 
International (ASTM) D 2166, Standard Test Specification for the Unconfined 
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Compressive Strength of Cohesive Soil, on samples retrieved from cores of the DSM 
columns at intervals of 7, 14, and 28 days to observe unconfined compressive 
strength and the increase in strength with time.  

– For each day of DSM installation, retrieve wet samples and cast into molds for 
strength testing immediately upon completion of a column.  Screen off particles 
larger than 10 percent of the mold opening size.  Perform unconfined compressive 
strength testing, in accordance with ASTM D 2166, Standard Test Specification for 
the Unconfined Compressive Strength of Cohesive Soil for pairs of samples at ages 
of 7, 14, and 28, days. 

– Use clean, fresh water for mixing the soil cement.  The water must be free from salt 
contamination; have a pH of no less than 6.0 or more than 8.0; have a total dissolved 
solids not greater than 500 parts per million (ppm); have oils, acids, organics, alkali, 
or other deleterious materials not greater than 50 ppm; and have a hardness not 
greater than 50 ppm. 

Shannon & Wilson should observe the installation of the DSM columns during construction, 
observe the coring, select core intervals for unconfined compressive strength testing, and 
evaluate test results. 

3.2.2 Deep Soil Mixing (DSM) Configuration 

 Our recommendations for ground improvement to mitigate potential liquefaction are 
based on our stability analyses that are presented in GD-5 and summarized in Section 2.3.2 of 
this memorandum.  We recommend constructing a DSM ground improvement zone that is 
38 feet wide measured along centerline extending from about 5 feet west of the pile-supported 
east abutment (Abutment 2) to about 1 foot east of the pedestrian tunnel east wall footing 
(Abutment 3).  The DSM ground improvement should extend for the full length of the abutment.  
We recommend the DSM area replacement ratio be a minimum 33 percent.  Based on 
understanding of readily available DSM installation equipment, we assumed that the column 
diameter that would be achieved in the field would be 4 feet.  Plan sheets WS-108 and WS-109, 
included with this memorandum, present our recommended typical DSM column pattern and 
layout.   

 Our recommendation for a typical DSM column layout consists of secant DSM columns 
that form panels approximately 12 feet on center with a row of continuous tangent DSM columns 
immediately west of Abutment 2, and isolated DSM columns between the panels beneath the 
east edge of Abutment 3.  Arranging the DSM in panels oriented perpendicular to the abutment 
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creates a “shear” element in the direction of potential embankment movement toward the bridge 
abutments and Jordan River, thereby improving the embankment stability.  The stability analyses 
include the overall composite strength of the DSM columns and surrounding soil in a liquefied 
condition. The analyses do not consider resistance that could be provided by the shear panel 
arrangement, its stiffening effect or associated potential to reduce pore pressure increases in the 
soils during an earthquake.  Consequently, the results of the stability analyses should be 
considered conservative for the DSM panel arrangements shown.   

 The row of tangent DSM columns in front of the Abutment 2 piles is intended to improve 
the lateral resistance provided by the soil to the pile foundations.  The isolated DSM columns 
between panels beneath the east edge of Abutment 3 are intended to provide a more uniform 
composite DSM/soil bearing pressure beneath the east side of the abutment spread footing 
foundation. 

 In general, columns that will be constructed in panels should have a minimum 
intersection of 6 inches to form a secant panel, increasing the shear resistance of the DSM 
column panels.  We recommend similar DSM column layouts beneath the north and south wing 
walls to improve the global stability of these walls, improve post-seismic stability, and provide a 
DSM/soil subgrade condition similar to Abutment 3.   

 The DSM columns should penetrate through the loose liquefiable soil.  We recommend 
they extend about 15 feet below the existing ground surface to an elevation no higher than 
4,478 feet so that the columns penetrate through the potentially liquefiable soils and extend into 
the underlying non-liquefiable soils.   
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RESULTS OF LIQUEFACTION ANALYSES (EE)
USING CPT DATA

Filename:  LIQcpt_2007_SWC-212 EE.xlsm

FIG. GD4-15
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RESULTS OF LIQUEFACTION ANALYSES (EE)
USING CPT DATA

Filename:  LIQcpt_2007_SWC-213 EE.xlsm

FIG. GD4-16

CPT Hole Designation: SWC-213 Design Earthquake Magnitude: 7 Project Name: Pioneer Crossing
Groundwater Table Depth: 2.0 feet Peak Ground Acceleration: 0.27 g Job Number: 
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1. See main text for references.

2. The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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RESULTS OF LIQUEFACTION ANALYSES (MCE)
USING CPT DATA

Filename:  LIQcpt_2007_SWC-212 MCE.xlsm

FIG. GD4-18

CPT Hole Designation: SWC-212 Design Earthquake Magnitude: 7 Project Name: Pioneer Crossing
Groundwater Table Depth: 2.0 feet Peak Ground Acceleration: 0.46 g Job Number: 
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RESULTS OF LIQUEFACTION ANALYSES (MCE)
USING CPT DATA
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FIG. GD4-19

CPT Hole Designation: SWC-213 Design Earthquake Magnitude: 7 Project Name: Pioneer Crossing
Groundwater Table Depth: 2.0 feet Peak Ground Acceleration: 0.46 g Job Number: 
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FIG. GD4-22

CPT Hole Designation: SWC-214 Design Earthquake Magnitude: 7 Project Name: Pioneer Crossing
Groundwater Table Depth: 6.0 feet Peak Ground Acceleration: 0.27 g Job Number: 23-1-01178-010
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FIG. GD4-23
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GEOTECHNICAL DESIGN MEMORANDUM GD-5 
PIONEER CROSSING, LEHI AND I-15 AMERICAN FORK INTERCHANGE 

1.0 DESIGN MEMORANDUM SCOPE 

This design memorandum addresses geotechnical recommendations and considerations for 
design and construction of approach fills, embankment stability, and walls for Pioneer Crossing 
and foundations of the Jordan River Bridge.  Related analysis procedures and criteria are 
presented in the following geotechnical design memoranda:  

 GD-2, Geotechnical Analysis and Design Methodologies (Shannon & Wilson, Inc., 
2009a) 

 GD-3, Seismic Design Criteria (Shannon & Wilson, Inc., 2008b) 

 GD-4, Liquefaction and Lateral Spreading (Shannon & Wilson, Inc., 2009b) 

Final versions of this and other geotechnical design memoranda issued for the project will be 
compiled into the Pioneer Crossing, Lehi and I-15 American Fork Interchange Project 
Geotechnical Report upon completion of the geotechnical engineering design phase of the 
project.  General limitations on the use of this memorandum and recommendations presented 
herein are presented in Geotechnical Design Memorandum GD-1 (Shannon & Wilson, Inc., 
2008a). 

2.0 PROJECT ELEMENT AND SITE DESCRIPTION 

The Pioneer Crossing, Lehi and I-15 American Fork Interchange project (project) will construct 
an east to west urban arterial through Lehi connecting Redwood Road to I-15.  The proposed 
arterial will parallel State Route (SR)-73 at approximately 900 South and will include new bridge 
structures to extend the roadway over the Union Pacific Railroad tracks near Mill Pond and over 
the Jordan River in Saratoga Springs.  The project includes a new Interchange at Main Street in 
American Fork.  The Vicinity Map, Figure GD5-1, shows the project area.  

We understand the preliminary pavement design consists of approximately 11 inches of granular 
borrow overlain by 6 inches of untreated base coarse, 4 inches of lean concrete base, and 
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9 inches of plain jointed concrete pavement.  Final pavement design is being done by Terracon 
Consultants, Inc. (Terracon).   

The proposed arterial alignment begins at Redwood Road at approximately 600 North in 
Saratoga Springs and extends east.  After crossing the Jordan River, it continues to the northeast 
to approximately 3200 West.  The alignment then continues east along approximately 900 South 
in Lehi to approximately 1700 West where it turns slightly southeast and extends to 
approximately 790 West and 1250 South.  It then turns east and continues to approximately 
300 East and 1250 South where it bends to the northeast and extends to Mill Pond Road and 
850 East.  The alignment then continues east until it terminates at I-15. 

This design memorandum addresses the proposed Jordan River Bridge foundations and fill 
embankments from Redwood Road at about Station (Sta.) 600+00 to Sta. 725+00. 

The proposed roadway will be about 100 feet wide, comprising two lanes in each direction, a 
median and sidewalks.  The new fill heights typically vary from about 2 to 18 feet depending on 
the elevation of the natural ground surface, with the majority of the fill embankments ranging 
between 4 to 8 feet.  The higher embankments will form approaches to the east and west 
abutments of the Jordan River Bridge at 18 and 12 feet, respectively.  Finished embankment 
slopes will typically be 3 horizontal to 1 vertical (3H:1V).  In some locations, the embankment 
will be retained to reduce impacts to wetlands or reduce right-of-way encroachment.  The 
retaining walls will vary in height up to about 10 feet to accommodate variation in the natural 
ground surface and proposed fill height.  

Utility plans show two buried pipelines that could be affected by the proposed fill embankments 
near to the bridge approaches: 

 Buried 10- and 14-inch forced sewer pipelines that cross the proposed Pioneer Crossing 
alignment in north-south direction at about Sta. 621+50.  

 Buried 16-inch waterline that crosses the proposed Pioneer Crossing alignment in 
northwest-southeast direction at about Sta. 627+50.  

This design memorandum does not address the overhead utilities. 

The project site use includes agricultural fields, pasture, undeveloped land, some farm buildings 
and some commercial buildings at the east end of the corridor.  The proposed alignment is 
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mostly flat.  Several inches to a few feet of standing water was visible between the Jordan River 
and approximately 2900 West in Saratoga Springs in November 2008.  Vegetation includes 
grass, weeds, and occasional trees. 

3.0 SUBSURFACE CONDITONS 

3.1 Geology 

The project is near the eastern edge of the Basin and Range physiographic province, which 
extends from the Sierra Nevada to the Wasatch Mountains.  The Basin and Range province is 
characterized by north-trending mountain ranges and intervening sediment-filled valleys.  The 
mountain ranges are typically bounded by high-angle normal faults that formed in response to 
regional crustal extension.  The site is within about 8 miles of the Holocene Wasatch fault and 
the about 2 miles from the Utah Lake faults (VanHorn, 1982).   

3.2 Existing Subsurface Data 

Subsurface explorations were performed during the baseline studies data for the Request for 
Proposal (RFP) (Utah Department of Transportation [UDOT], 2008).  Terracon (2008) 
performed 9 borings and 1 cone penetration test (CPT) between Redwood Road and Sta. 725+00.  
Shannon & Wilson performed an additional 4 borings, 12 CPTs, and 17 test pits during the 
design phase.  See the Site and Exploration Plan (Figure GD5-2) for the subsurface exploration 
locations. 

Appendix GD5-A presents a description of subsurface exploration methods, and boring, CPT and 
test pit logs. 

3.3 Laboratory Tests 

Shannon & Wilson performed geotechnical laboratory tests on selected samples.  The testing 
includes visual classification, water content, grain size, percent passing the No. 200 sieve, 
Atterberg limits, and 1-D consolidation tests.  Shannon & Wilson subcontracted with Terracon to 
perform laboratory tests on samples from selected borings that were drilled during the RFP.  
These tests included Atterberg Limits and grain size analyses.  Laboratory test results are 
presented Appendix GD5-B and on the boring logs in Appendix GD5-A.   
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Appendix GD5-B presents selected laboratory test data that was provided in the RFP.  Other RFP 
laboratory test results are incorporated in the boring logs that are presented in Appendix GD5-A.  

3.4 Subsurface Conditions 

Figures GD5-3, GD5-4, GD5-5, and GD5-6 present our interpretation of the geologic subsurface 
conditions along the proposed alignment from Sta. 600+00 to 725+00, near the proposed Jordan 
River Bridge, perpendicular to the west abutment, and perpendicular to the east abutment, 
respectively .  The subsurface conditions near the Jordan River Bridge consist of variable fill 
underlain by about 20 to 30 feet of soft to medium stiff clay with scattered lenses and pockets of 
medium dense sand and clayey sand; 2 to 5 feet of medium dense, clayey sand; and 5 to 20 feet 
of stiff to hard clay with some dense, clayey sand interbeds.  Very dense, silty sand and gravel 
were encountered in the borings and CPTs below about 50 to 55 feet depth.  

Between Sta. 632+00 to 638+00, very soft to soft, silty clay to clayey silt containing trace to 
abundant organics was encountered in the upper 15 to 20 feet.  Near Sta. 638+00, dense sand and 
gravel was encountered in a CPT at approximately 20 feet below the ground surface.  Near 
Sta. 641+00 and 650+00, dense sand was encountered at 30 and 55 feet depth, respectively.  The 
subsurface conditions from approximately Sta. 650+00 to 670+00 consist of 4 to 5 feet of 
medium dense, silty sand to sandy silt at the surface, underlain by nearly 85 feet soft to medium 
stiff clay.  The moisture content is greater than the liquid limit for much of the layer.  Very dense 
sand and gravel were encountered in borings and CPTs below about 90 feet depth. 

From Sta. 670+00 to 735+00, more interfingering of sand, silt, and clay layers is present.  
Generally, the subsurface conditions consist of interfingered sand and silt in the upper 30 to 
40 feet, approximately 20 feet of medium stiff clay, and interbeds of dense sand, gravel, and silt 
below 50 to 60 feet.  

Groundwater was observed in wells installed in test pits and borings and interpreted from CPT 
dissipation tests at approximately between elevations of 4,486 and 4,507 feet.  We assumed 
groundwater was at approximately elevation 4,490 feet near the Jordan River Bridge for our 
analyses. 
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3.5 Liquefaction and Lateral Spread 

Several loose to medium dense, silty and clayey sand layers are present beneath the proposed 
Jordan River Bridge approach embankments (refer to Figures GD5-4, GD5-5, and GD5-6).  
A continuous, potentially liquefiable silty sand layer extends from near the ground surface to 
approximately 12 feet depth at the east abutment.  Another approximately 4-foot-thick, loose to 
medium dense, clayey sand layer was encountered at approximately 35 feet below the ground 
surface (bgs).  Potentially liquefiable layers were encountered from Sta. 670+00 to 725+00 at 
depths of 5, 10, 25 through 30, and 55 feet bgs and varied in thickness from 2 to 6 feet (refer to 
Figure GD5-3).  

We evaluated liquefaction susceptibility of these soils using Standard Penetration Test (SPT) 
N-values, CPT measurements, and laboratory-measured soil fines contents using a well-verified 
computer program developed by Shannon & Wilson.  Calculated factors of safety against 
liquefaction for a few of the SPT blow counts in the loose to medium dense land layers are less 
than 1 for the Maximum Considered Earthquake (MCE) ground motion suggesting liquefaction 
or elevated pore pressure could develop in these layers.  Therefore, we evaluated the continuous 
layers of loose, silty sand below the proposed east and west embankments of the Jordan River 
Bridge for settlement, global instability, and lateral spreading.  We evaluated the continuous 
layers of loose, silty sand below the proposed embankments from approximately Sta. 670+00 to 
725+00 for settlement.  Geotechnical Design Memorandum GD-4 (Shannon & Wilson, 2009b) 
presents the liquefaction analysis procedures and results.  Stability analyses are presented in this 
Geotechnical Design Memorandum.   

4.0 GEOTECHNICAL ANALYSES AND RECOMMENDATIONS 

4.1 Analyses Criteria and Methods 

The embankments and walls described herein were evaluated using the methods described in 
Geotechnical Design Memorandum GD-2 (Shannon & Wilson, 2009a). 

4.2 Global Stability 

We evaluated the global stability for the embankments at the east  and west abutments of the 
Jordan River Bridge.  The proposed approach embankments will be approximately 18 and 
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12 feet high at the east and west abutments, respectively.  Our stability analyses included 
potential slope failure of the proposed east abutment towards the Jordan River (west) and the 
proposed west  abutment towards the Jordan River (east).  We also analyzed the stability of the 
east and west approach embankments, near Sta. 626+00 and 623+00, respectively, for failure 
perpendicular to the alignment (north).  We analyzed each case for static stability during 
construction, static stability in the long term, seismic and post-seismic (liquefied) stability in 
accordance with the UDOT Manual of Geotechnical Instruction (UDOT, 2006).   

4.2.1 Jordan River Bridge East Abutment 

We understand the approach fill at the east abutment will typically have 3H:1V slopes to 
the north and south and a retained abutment.  We performed analyses for the following cases: 

1. Static slope stability during construction with combined 6 feet of surcharge and 
overbuild fill.   

2. Static slope stability for the long term conditions assuming drained shear strength for 
the clay units.  

3. Seismic slope stability assuming a seismic horizontal coefficient of 0.23g, which is 
one-half the peak ground acceleration of 0.46g (Shannon & Wilson, Inc., 2008b). 

4. Post-seismic (liquefied) stability assuming liquefied strength for the potentially 
liquefiable sands/silts and reduced strength for soft clays. 

Appendix GD5-C presents the results of our analyses for the above cases.  Our analyses 
show factors of safety that meet or exceed UDOT minimum requirements for the static, seismic, 
and post-seismic conditions for failure to the west and north at/near the east abutment, provided 
the notes in the table below are followed.  Factors of safety for the above cases are as follows: 
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FACTOR OF SAFETY AGAINST INSTABILITY – EAST ABUTMENT 

Station 
(Direction of Failure) 

Static Seismic 
Post-Seismic 
(Liquefied) 

End of 
Construction Long-Term kh=0.23g 

East Abutment6 (West) 1.3 1,3  1.8 2,3 1.0 2,3,5 1.4 2,3 

626+00 (North) 1.6 1,4 2.6 2,4 1.1 2,4 1.5 2,4 

626+50 (North) 1.3  2.3 Not Required Not Required 

626+00 (South) Not Analyzed Not Analyzed 1.0 2,4 Not Analyzed 

UDOT (2006) 
Minimum Required 
Factor of Safety 

1.1 1.5 1.0 >1.1                
or deformation analysis 

Notes:   
1.  Using a geotextile allowable construction strength of 20,000 lbs (machine direction). 
2.  Using a geotextile long-term strength of 15,000 lbs (machine direction). 
3.  Using a geotextile length of 80 feet behind abutment face. 
4.  Using a geotextile on the full width of the embankment. 
5.  Using a lateral pile resistance of 30,000 lbs, which can be achieved with less than 0.5 inch of pile deflection. 
6.  Overexcavate and replace potentially liquefiable silty sand layer.  Lateral extent of overexcavation is described in 
Section 4.3.4. 
UDOT = Utah Department of Transportation

 
 The combined surcharge plus overbuild fill thickness recommended in Section 4.3 of this 
geotechnical design memorandum is 6.5 feet, i.e., 0.5 foot more than assumed for the stability 
analyses.  By inspection we concluded the proposed embankment plus surcharge and overbuild 
fills should be stable during construction. 

 Our recent subsurface explorations encountered a zone of potentially liquefiable sand, 
silty sand, and silty gravel near the proposed east abutment of the Jordan River Bridge.  This 
potentially liquefiable zone extends to about elevation 4,482 feet, which is a depth of about 
12 feet.  Groundwater is near elevation 4,490 feet.  Our analyses show that some ground 
improvement will be needed for post-seismic stability.  The ground improvement will need to 
extend through the potentially liquefiable zone.  Ground improvement could consist of 
overexcavation and replacement, stone column (including Geopiers) or deep soil mixing.  Deep 
compaction (deep dynamic compaction or rapid impact compaction) may be practical.  However, 
we have concerns about the efficacy of deep compaction methods given the high groundwater 
and interbedded silt and clay layers.  
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 For the purposes of this memorandum, we assumed the ground improvement would 
consist of overexcavation and replacement or other methods that would provide the same 
increase in shear strength in the potentially liquefiable layer.  We can provide recommendations 
for other methods if desired.  We recommend overexcavating for the entire embankment width 
through the potentially liquefiable layers.  The extent of the overexcavation is described in 
Section 4.3.4.  The backfill should consist of densely compacted granular fill material that has a 
minimum shear strength of 36 degrees. 

 Because the granular fill will be placed over very soft to soft clay, it may be necessary to 
place a construction geotextile or a geogrid to provide a working surface to compact the dense 
granular backfill. 

 Our analyses also show that a high strength geotextile or a geogrid will be required for 
global stability towards to west for the static construction, seismic and post-seismic (liquefied) 
cases.  A high strength geotextile/geogrid will also be required for global stability towards the 
north and south within 50 feet of the abutment for the seismic case.  One layer of geotextile/ 
geogrid with machine direction parallel to roadway centerline should extend 80 feet east of the 
abutment and to the toe of the fill to the west, north and south to provide additional shear 
strength for potential failure towards the west.  A second layer of geotextile/geogrid with 
machine direction perpendicular to the roadway centerline should extend at least 50 feet east of 
the abutment and to the toes of the fills to the west, north and south to provide additional shear 
strength for potential failure towards the north and south.  An 8- to 12-inch-thick lift of soil 
should be placed and compacted between the two layers of geotextile/geogrid.  Our calculations 
show that Mirafi PET 800/100 high-strength woven polyester geotextile with 27,000 pounds per 
foot long-term design strength provides the required factors of safety.  Other geotextile 
manufacturers could supply similar products.  If deep soil mixing is used to mitigate liquefaction 
hazard, it may be practical to use the same but deeper soil improvement to improve stability 
instead of geotextile reinforcement.   

4.2.2 Jordan River Bridge West Abutment 

We understand the approach fill at the west abutment will typically have 3H:1V slopes to 
the north and south and a retained abutment.  We performed analyses for the following cases: 
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1. Static slope stability during construction with a 4 feet of combined surcharge 
overbuild fill. 

2. Static slope stability for the long-term condition assuming drained shear strength for 
the clay units.  

3. Seismic slope stability assuming a seismic horizontal coefficient of 0.23g, which is 
one-half the peak ground acceleration of 0.46g (Shannon & Wilson, Inc., 2008b). 

4. Post-seismic (liquefied) stability assuming liquefied strength for the potentially 
liquefiable sands/silts and reduced strength for soft clays. 

Appendix GD5-C presents the results of our analyses for the above cases.  Our analyses 
show factors of safety that meet or exceed UDOT minimum requirements for the static and 
seismic, and post-seismic conditions for failure to the east at the west abutment, provided the 
notes in the table below are followed.  Factors of safety for the above cases are as follows: 

FACTOR OF SAFETY AGAINST INTSTABILITY – WEST ABUTMENT 

 Static Seismic 

 
 

Station 
(Direction of Failure 

End of 
Construction 

(vertical 
abutment) 

 
End of 

Construction 
(sloping 

abutment) 

 
 
 

Long-
Term 

 
 
 
 

kh=0.23g 

 
 

Post-
Seismic 

(Liquefied) 

West Abutment (east) 1.3 1,3 1.4 1,3 1.6 2,3,4 1.0 2,3,4 1.4 2,3,4 

West Abutment (north) 1.4 1.7 2.3 1.1 1.5 

UDOT (2006) Minimum 
Required Factor of Safety 1.1 1.1 1.5 1.0 

>1.1         
or deformation 

analysis 
Notes: 
1.  Using a geotextile allowable construction strength of 25,000 lbs (machine direction). 
2.  Using a geotextile long term strength of 27,000 lbs (machine direction). 
3.  Using a geotextile length of 90 feet behind abutment face. 
4.  Using a lateral pile resistance of 10,000 lbs, which can be achieved with less than 0.5 inch of pile deflection.  
UDOT = Utah Department of Transportation 

 
The approach embankment will likely be constructed prior to the placement of the 

vertical abutment face.  To account for variation in construction methods, we analyzed the 
stability of the west abutment for potential failure to the north and west for both a vertical face 
and a sloping abutment.   



SHANNON & WILSON, INC. 
 

 
 
23-1-01178-010-GD5-Rev-5.doc/wp/lkd 23-1-01178-010 

10 

Our analyses show that a high strength geotextile or a geogrid will be required for global 
stability towards the east.  One layer of geotextile/geogrid with machine direction parallel to 
roadway centerline should extend 90 feet west of the abutment to provide additional shear 
strength for potential failure towards the east.  Our calculations show that Mirafi PET 800/100 
high-strength woven polyester geotextile with 27,000 pounds per foot long-term design strength 
provides the required factors of safety.  Other geotextile manufacturers could supply similar 
products.   

4.2.3 Mechanically Stabilized Earth (MSE) Walls 

 We understand that a one-stage Terramesh MSE wall will retain the south side of the 
embankment bordering a wetland area approximately between Sta. 630+50 to 640+50.  The 
proposed embankment/MSE wall heights vary from 5 to 7 feet, and additional combined 
surcharge and overbuild fill height will range between 3.5 and 4.0 feet.  Subsurface explorations 
in this area included five test pits spaced approximately 200 feet apart, two CPTs near the west 
end of the MSE wall, and one CPT near the east end of the MSE wall.  These explorations 
encountered very soft to soft, silty clay to clayey silt containing trace to abundant organics in the 
upper 15 to 20 feet (Figure GD5-3). 

We analyzed the cross sections along the alignment with a 7-foot-high permanent 
embankment and minimum strap length (8-foot-long).  We evaluated the global stability using 
limit equilibrium techniques for both short-term (construction), long-term static, pseudo-static 
seismic, and post liquefaction cases.  During construction, we assumed 4 feet of combined 
surcharge plus overbuild fill would be present.  Our global stability analyses for short-term 
construction and long-term permanent wall sections indicated that additional shear resistance 
would be required to achieve UDOT minimum factors of safety requirement.  To achieve the 
required factors of safety, we recommend placing a single layer of geotextile fabric over the 
native subgrade soil that spans the entire embankment footprint with the machine direction 
perpendicular to the roadway centerline.  Our calculations show that Mirafi PET 800/100 high-
strength woven polyester geotextile with 27,000 pounds per foot long-term design strength 
provides the required factors of safety.  Other geotextile manufacturers could supply similar 
products.  Appendix GD5-C presents the results of our analyses for the above cases. 
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We understand that a 5-foot-diameter proposed water line may be installed either in the 
subgrade soil prior to embankment construction or in the embankment fill behind the proposed 
MSE wall.  We do not have information regarding the invert depth and location; therefore, our 
global stability analyses do not account for this pipeline.  If the pipeline were added in the 
embankment, we anticipate higher factors of safety because the pipeline should force larger 
potential critical failure surfaces.  A summary of the calculated stability factor of safety for the 
MSE wall are presented in the following table along with the minimum UDOT requirements: 

FACTOR OF SAFETY AGAINST INSTABILITY – MSE WALL 

 
Stability Check 

Calculated 
FS 

UDOT (2006) 
Minimum FS 

Static - End of Construction 1.11 1.1 
Static - Long-Term 1.91 1.3 
Seismic 1.61 1.0 
Post-Seismic (Liquefied) 1.31 1.1 

Notes:   
1.  Using a geotextile allowable construction strength of 27,000 lbs (machine  
direction) spanning the entire width of the embankment. 
FS = factor of safety 
MSE = mechanically stabilized earth 
UDOT = Utah Department of Transportation 
 
 

4.2.4 Post and Panel Walls 

 We understand that Post and Panel walls will retain the south and north sides of the 
embankment bordering a wetland area approximately between approximately Sta. 650+50 to 
660+00.  The proposed embankment and Post and Panel wall heights vary from approximately 4 
to 7 feet, and additional combined surcharge and overbuild fill height will be about 2 feet.  
Subsurface explorations in this area included one CPT and one boring.  These explorations 
encountered medium stiff to stiff clays underlying an about 5–foot-thick sand layer at the ground 
surface (Figure GD5-3). 

 We analyzed a cross section along the alignment with a 7-foot-high permanent Post and 
Panel wall retained embankment.  We evaluated the global stability using limit equilibrium 
techniques for both short-term (construction), long-term static, pseudo-static seismic, and post 
liquefaction cases.  During construction, we assumed 2 feet of combined surcharge plus overbuild 
fill would be present.  Our global stability analyses show factors of safety that meet or exceed 
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UDOT (2006) minimum requirements for all the above analyzed cases.  Appendix GD5-C 
presents the results of our analyses. 

A summary of the calculated stability factor of safety for the Post and Panel wall are 
presented in the following table along with the minimum UDOT requirements: 

FACTOR OF SAFETY AGAINST INSTABILITY - POST AND PANEL WALL  

Stability Check Calculated 
FS 

UDOT (2006) Minimum 
FS 

Static – End of Construction 1.2 1.1 
Static – Long-Term 2.3 1.3 
Seismic 1.2 1.0 
Post-Seismic (Liquefied) 1.5 1.1 

Notes: 
 FS = factor of safety 
 UDOT = Utah Department of Transportation 

 
4.3 Settlement Analyses 

This section presents recommendations for the early surcharge design for Segment 1 of the 
Pioneer Crossing project.  It includes recommendations for surcharge and prefabricated vertical 
drains (PVD), also known as wick drains, to reduce post-construction settlement in accordance 
with the project warranty requirements presented below.   

4.3.1 Settlement Analysis Approach 

For our settlement analyses, we used Version 1.0 of the commercial software Settle3D 
developed by RocScience.  Settle3D was used to model the Boussinesq pressure distribution with 
depth and to calculate the elastic and time-rate consolidation settlements for different 
construction staging.  For granular soil (sand, gravel, and non-plastic silt layers) we used elastic 
settlement analysis procedures.  We assumed elastic settlement will occur relatively quickly, i.e., 
settlement should occur essentially as the load is applied.  For settlement in cohesive layers, we 
used the one-dimensional consolidation theory.  We selected consolidation settlement parameters 
based on consolidations tests performed on selected samples from borings SWB-202, SWB-203, 
and SWB-204.  We also considered published literature correlations with soil index properties, 
correlations with CPTs, and published soil properties for similar subsurface conditions in the Salt 
Lake area.   
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We developed settlement estimates along the roadway alignment based on the 
generalized soil profiles presented in Figures GD5-3 through GD5-6.  We assigned different 
local soil profiles for different segments along the roadway alignment based on the continuity of 
the soil layers and their properties.  A summary of the subsurface profiles, elastic, and 
consolidation settlement parameters used in our settlement analyses is presented in 
Tables GD5-1 through GD5-6. We evaluated the secondary compression rate that takes place in 
the clay layers after removal of the surcharge based on their degree of consolidation (over 
consolidation ratio) caused by the surcharge preloading using relationships presented in Saye and 
Ladd (2000). 

 In our analyses, we considered multiple stages to differentiate between the settlement that 
will occur during the construction phase and long-term settlement that will occur from after 
paving till the end of the five-year warranty period.  In select areas, surcharge fills will be placed 
to slow secondary compression rate.  After primary consolidation is complete, the surcharge fills 
will be removed and the roadway will be paved.  In select areas, installation of PVDs will be 
combined with placing surcharge to expedite the time to primary consolidation. 

4.3.2 Pavement Settlement Warranty Requirements 

 Section 9.0 of the RFP specifies the following maximum permissible settlement for 
pavement: 

 Transverse direction:  Maximum 0.25-inch per 12-foot lane width. 

 Maximum tolerable longitudinal direction:  0.25-inch per 30 feet. 

 Allowable total post-construction settlement:  2 inches, unless otherwise approved by the 
Department (UDOT, 2008).   

4.3.3 Settlement Mitigation 

 Table GD5-7 summarizes our settlement estimates and our recommendations for 
settlement mitigation.  Due to the uncertainties and limitations of our analysis, the settlement 
estimates presented in this table indicate likely estimates of settlement across the alignment.  
Variations in the assumed subsurface stratigraphy, estimated consolidation soil properties and/or 
in assumed construction sequencing may result in more or less actual settlement.   
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We recommend several methods for reducing settlement to meet the warranty 
requirements described above.  Table GD5-7 shows the Stations (Sta.) where each of these 
settlement mitigation methods should be used, and details for each, e.g., surcharge height and 
duration.  In the following discussion, finished grade means top of pavement and pavement 
subgrade means the top of the Granular Borrow or base of the untreated base course (UTBC) 
layer. 

 No Settlement Mitigation.  No settlement mitigation is recommended in areas where 
anticipated settlement is less than the warranty requirements after construction.  Paving can take 
place immediately after fill placement and compaction is complete. 

 Embankment Preload.  Where settlement greater than 2 inches is expected following 
fill placement, we recommend constructing the embankment to the pavement subgrade elevation 
and then allowing fills to settle for the times shown in the Table GD5-7.  After the preloading 
period, the embankment should be regraded to the pavement subgrade elevation and the 
pavement layers can then be constructed.  If Kiewit/Clyde prefers to reduce placing new fills, 
they could overbuild above the pavement subgrade elevation by the amount of settlement that is 
expected to occur. 

 These recommendations do not include provisions for protecting the subgrade from 
deterioration that could occur during wet and/or freezing weather.  Before paving, the soil 
loosened by weather and other factors should be reworked and recompacted to meet the 
embankment fill material specifications, or should be removed. 

Surcharge.  Where moderately thick fills will support the traveled way, we recommend 
placing a surcharge fill to consolidate underlying compressible soils to reduce post-construction 
settlement.  The surcharge fill should remain in place for several months to allow the underlying 
clay to consolidate.  In addition to the surcharge, some of the overbuilding for the embankment is 
needed to compensate for settlement of the underlying native soil.  Figure GD5-7 shows our 
recommended surcharge fills configuration. 

Table GD5-7 shows our recommendations for surcharge thickness plus overbuild 
thickness, and for consolidation duration.  The overbuild thickness should consist of 
embankment material that will remain in place after the surcharge fill is removed.  Therefore, we 
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recommend that the overbuild thickness be equal to or greater than the estimated settlement.  
Following the consolidation period, the surcharge fill should be removed down to the pavement 
subgrade elevation.  The surcharge plus overbuild height shown in the Table GD5-7 is 
referenced to the finished grade.  Please note this is different from the recommendations above 
for no settlement mitigation and embankment preload, which recommend building the 
embankments to the pavement subgrade elevation. 

Transitions from thicker to thinner surcharge plus overbuild fills should be at a 20H:1V 
slope.  The full surcharge plus overbuild height should be constructed between the stations 
shown in Table GD5-7.  The 20H:1V transition should occur over the adjacent stations that have 
thinner surcharge plus overbuild fills.  Where no adjacent surcharge fills are recommended, the 
surcharge plus overbuild fill thickness should taper down at 20H:1V to the pavement subgrade 
elevation.  At the east and west abutments of the Jordan River Bridge, the surcharge fill plus 
overbuild should taper as shown in Figure GD5-7.  

Surcharge with PVDs.  Where thick fills are required to support the traveled way, we 
recommend placing surcharge fills and using PVDs to overconsolidate underlying compressible 
soil to reduce post-construction settlement.  Surcharge recommendations are the same as 
presented above.  PVDs reduce primary consolidation time, thereby increasing the post-
construction degree of consolidation and overconsolidation.  Our analyses show that PVDs will 
be needed to reduce post-construction settlement beneath portions of the proposed Jordan River 
Bridge abutments.  Table GD5-7 presents our recommendations for areas using PVDs.   

We recommend a maximum PVDs spacing of 5.5 feet measured center-to-center in a 
triangular pattern, with an equivalent drain diameter of 3 inches.  The PVDs should be installed 
to a maximum elevation of 4,450 feet or to refusal. If refusal is encountered at a shallower 
elevation, pre-drilling could be required.  PVDs installed through the existing “levee” may 
require either predrilling or removing part of the “levee.” 

The PVD installation may need to consider the liquefaction mitigation measures.  If the 
liquefaction measures consist of overexcavation and replacement with dense sand or shot rock, 
then PVD installation likely will need to be done before placing the dense fill.  For this case, we 
recommend performing the overexcavation, placing a working layer of sand, installing the 
PVDs, covering the PVDs with sand, and then placing the dense compacted backfill.  The sand 
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layers should be densely compacted.  Alternatively, the PVDs could be installed from the current 
ground surface before making the overexcavation.  Once the overexcavation extends to its design 
depth, we recommend placing a sand layer to drain water discharging from the PVDs. 

4.3.4 Jordan River Bridge Approaches 

 This section presents recommendations for  meeting the RFP longitudinal settlement 
warranty requirements at Jordan River Bridge approaches.  It provides longitudinal settlement 
estimates for varying slab lengths and a discussion of mitigation alternatives.  The following 
assumptions were made in our longitudinal settlement analyses:   

 Total settlement mitigation measures currently planned for both bridge approaches 
include installing PVDs, placing temporary surcharge fills during the time-rate settlement 
period, and conducting a settlement monitoring program to determine an appropriate time 
to remove surcharge fills.   

 For the east abutment, our seismic and post-liquefaction stability analysis show that 
ground improvement mitigation is required.  We understand that overexcavation of 
potentially liquefiable material may be selected.  Overexcavation will extend the full 
depth of the liquefiable layer from at least 5 feet west of the abutment and wing walls to 
at least 33 feet east of the abutment.  At the east end the overexcavation will extend north 
and south to the toes of the fills.  The overexcavation will taper up to the ground surface 
at slopes required for stability during construction. 

 Bridge abutments will be founded on closed-end pipe piles at each abutment such that 
little post-construction abutment settlement should occur.  Therefore, longitudinal 
differential settlement between the abutment and end of approach slab will be essentially 
the total post-construction settlement for a single span approach slab.  If two approach 
slabs are considered, the differential settlement for each span will need to be considered 
(as discussed in further detail in the east abutment approach slab). 

4.3.4.1 West Abutment Longitudinal Settlement 

  For the west abutment, we assumed that permanent embankment fill height will 
extend up to 12 feet in height (including pavement thickness) at the abutment.  To reduce 
post-construction settlement, we recommended an overbuild plus surcharge height of 4 feet from 
abutment to Sta. 622+00, and using PVDs to accelerate primary consolidation from the 30 feet 
east of the bridge abutment to Sta. 622+00 (see Table GD5-7).  Our longitudinal settlement 
estimates for the west abutment is summarized in Table GD5-8. 
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  We estimate the total post-construction to end of warranty period settlement will 
be on the order of 1 inch (rows 1 plus 2 in the Table GD5-8).  If a 30-foot-long approach slab 
were built, the allowable differential settlement at the end of warranty is 0.25 inch across the slab 
length (row 3 in Table GD5-8).  To meet the warranty requirement, the end of the approach slab 
would have to be constructed 0.75 inch above design grade (see row 4 in Table GD5-8) to 
accommodate the amount of settlement expected in the warranty period.  At the beginning of the 
warranty period, we predict that the end of the approach slab would be about 0.35 inch above 
design grade (see row 5 in Table GD5-8).  If UDOT applied the longitudinal differential 
settlement criterion as an allowable differential grade criterion across the slab, the end of the 
approach slab would be 0.1 inch too high.  Please note that our settlement estimates could vary 
as described above. 

  The last column in Table GD5-8 presents a similar analysis for a 60-foot-long 
approach slab.  If actual settlement does not vary from our predictions, our calculations indicate 
the longitudinal settlement warranty requirements could be met by building the end of the slab 
0.5 inch above design grade.   

4.3.4.2 East Abutment Longitudinal Settlement 

  For the east abutment, we assumed that permanent embankment fill height will 
extend up to 18 feet in height (including pavement thickness) at the abutment.  To reduce 
post-construction settlement, we recommend the settlement mitigation presented in Section 4.3.3 
and Table GD5-8.  To mitigate liquefaction hazard, we recommended a zone of overexcavated 
material under the pedestrian underpass (see Section 3.5).  Our longitudinal settlement estimates 
for the east abutment is summarized in Table GD5-9. 

  We understand that the trail could cross under the east approach using a 
two-approach slab configuration, as shown in Figure GD5-8, or in a concrete box structure that 
would be under and independent from a single 60-foot approach slab.   

  For the two-approach slab alternative, the overexcavation of the subgrade material 
under the pedestrian underpass (Sta. 625+30) will result in a slower, long-term settlement rate 
than the unimproved subgrade 60 feet east of the abutment (Sta. 625+60).  At Sta. 625+30, we 
estimate the total post-construction to end of warranty period settlement will be on the order of 
0.8 inch (rows 1 plus 2 in Table GD5-9), and at Sta. 625+60 we estimate total post-construction 
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settlement of 1.7 inches.  If two 30-foot approach slabs are built, the allowable differential grade 
across the first slab, assuming the abutment does not settle, is 0.25 inch.  The allowable 
differential grade for the second slab is the differential grade of the first slab (0.25 inch) plus 
0.25 inch over the 30-foot slab; effectively 0.5 inch over 60 feet.  To meet the warranty 
requirement, the end of the approach slabs would have to be constructed 0.55 and 1.2 inches, 
respectively, above design grade (see row 4 in Table GD5-9).  At the beginning of the warranty 
period, we predict that the differential grade from the abutment to Sta. 625+30 would be 
0.35 inch above plan grade and 0.25 inch above grade between Sta. 625+30 and 625+60 (see 
row 5 in Table GD5-9).  If UDOT applied the longitudinal differential settlement criterion across 
the slab, the first slab would be 0.1 inch high at Sta. 625+30, and the net differential settlement 
across the second slab would be at allowable longitudinal settlement requirement.  Please note 
that our settlement estimates could vary as described previously. 

  For the single 60-foot approach slab, we presented a similar analysis, as described 
the west abutment in Table GD5-9.  The overbuild requirement at Sta. 625+30 is the same as the 
two slab approach (1.2 inches), but will result in a grade differential at the start of warranty of 
0.6 inch across the slab or 0.1 inch above the possible UDOT 0.25 inch/30 feet criteria over the 
60-foot slab.     

4.3.4.3 Mitigation Alternatives 

  Methods that could be used to meet the longitudinal warranty criteria:    

(a) Build the finished pavement surface higher than the design grades to 
accommodate the expected settlement.  Refer to Figure GD5-8 for a conceptual 
drawing showing this approach.  Tables GD5-8 and GD5-9 present estimated 
overbuild heights for 30- and 60-foot slab approach lengths.  As discussed 
above, uncertainties and assumptions made in our long-term settlement 
calculations could result in more or less actual settlement. 

(b) Accept the risk that actual settlement will exceed the warranty criteria and 
repair pavement after construction if needed.  Pavement repair alternatives 
could include jacking and pumping concrete under the slab (where the slab 
meets the embankment) to raise the grade, white topping the pavement surface 
to raise the grade, or grinding the slab surface to lower grade.  If grinding of the 
pavement surface is considered, than a thicker slab should be constructed to 
accommodate the potential loss of pavement surface.   
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(c) Delay approach slab and final pavement near the bridge approaches 
construction until near the beginning of the warranty period to reduce row 1 
settlement shown in Tables GD5-8 and GD5-9. 

(d) Extending the approach slab beyond 30 or 60 feet. 

4.3.5 Mechanically Stabilized Earth (MSE) Wall  

 The UDOT (2006) differential settlement warranty criterion for single stage MSE wall is 
6 inches over 50 feet in a two-year period.  We estimate total settlement along the MSE wall face 
will be less than 6 inches in the two-year warranty period.  In our opinion, the proposed wall will 
meet the UDOT (2006) differential settlement criterion. 

4.3.6 Seismic Settlement 

 Settlement that may potentially occur as a result of an earthquake is described in 
Geotechnical Design Memorandum GD-4, Liquefaction and Lateral Spread (Shannon & Wilson, 
2009b).  In general, we anticipate post-seismic settlement will be 1 to 5 inches.  Assuming the 
liquefaction mitigation measures described in this memorandum are adopted, we estimate that 
post-seismic settlement near the east and west abutments of the Jordan River should be about 1 
to 2 inches.   

4.4 Jordan River Bridge Abutment Foundations 

The Jordan River crossing bridge runs generally in the east-west direction between Sta. 623+10 
and 625+10.  We understand that the bridge abutments will be supported on single row of 
concrete-filled, driven, closed-end steel pipe piles. The east and west abutment walls will retain 
about 18 feet and 12 feet of fill, respectively, measured from the existing grades. 

4.4.1 Recommended Deep Foundation Axial Capacity 

 We understand that 16-inch-diameter, closed-ended steel pipe piles that are concrete-
filled (CIP) will support the Jordan River Bridge west and east abutments.  Driven piles will 
support axial loads through a combination of skin friction and end bearing.  Figures GD5-9 and 
GD5-10 present our recommendations for geotechnical axial capacity versus depth at the west 
and east abutment piles, respectively.   
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We evaluated the axial capacity of proposed driven pile bridge foundations in accordance 
with the American Association of State Highway and Transportation Officials (AASHTO) Load 
and Resistance Factor Design (LRFD) Bridge Design Specification (AASHTO, 2008) 
Article 10.7 for driven piles.  Our settlement estimates indicate that downdrag loads likely cannot 
be eliminated at the bridge abutment foundations.  We estimate that post-construction settlement 
of the soil adjacent to the pile foundation under fill loads will be on the order of 1 to 2 inches.  
According to AASHTO (2008) Section 3.11.8, downdrag loads can be induced on pile 
foundations when relative settlement between soil and foundation on the order of 0.4 inch or 
more occurs.  In our opinion, post-construction settlement will induce downdrag loads on the pile 
foundation. In our analyses, we limited unit tip resistance value to 400 kips per square foot (ksf) 
and side friction to 4 ksf.  Uplift resistance was assumed to be equal to the side resistance.   

 Axial capacity was evaluated at Strength Limit and Extreme Limit states as follows: 

1. Strength Limit State:  Axial capacity was evaluated based on ultimate side friction 
resistance and ultimate tip resistance.  Downdrag loads due to consolidation 
settlement acting on the foundation should be considered with other loads in this 
state. 

2. Extreme Limit State:  Axial capacity was evaluated based on ultimate side friction 
resistance and ultimate tip resistance.  Downdrag loads due to liquefaction-induced 
settlement acting on the foundation should be considered with other loads in this 
state. 

 According to AASHTO (2008), the following loading cases should be considered when 
designing the bridge foundations.  
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AASHTO (2008) RECOMMENDED LOADING CASES 

Limit State Nominal Resistance Load Combination* 

Strength Strength 
(“Strength Limit” plot) 

DL+ LL, or DL+ DDStatic  
 (whichever is larger) 

Extreme 

Strength+

(“Strength Limit” plot) DL+EQ 

Extreme 
(“Extreme Limit” plot) 

DL+EQ or DL+DDseismic 
(whichever is larger) 

DL+LL 
Notes: 
*  Other loads like “wind loads” should be applied as appropriate. 
+  Strength nominal resistance using Extreme Limit Resistance Factors. 
AASHTO = American Association of State Highway and Transportation Officials 
DL = dead load 
LL = live load 
EQ = earthquake load 
DDstatic = static downdrag 

  DDseismic = seismic downdrag 
 

 All loads should be multiplied by the appropriate load factors according to the AASHTO 
LRDF.  Soil nominal resistance should be multiplied by the appropriate Resistance Factors as 
indicated in Figures GD5-9 and GD5-10.   

 We anticipate that hard driving conditions will be experienced when the CIP piles reach 
the very dense sand layer.  Considering that the steel pipe piles would likely be driven to refusal 
in this layer, the ultimate bearing capacity for these piles could reach the maximum allowable 
stress acting over the drivable steel cross-sectional area.  Per AASHTO LRFD (AASHTO, 
2008), this maximum allowable stress is limited to one-third of the yield strength of the steel.  
Assuming steel yield strength of 50 kips per square inch (ksi), an ultimate unit end bearing of 
about 143 tons per square foot (tsf) could be reached.  We estimate an ultimate end bearing of 
117 tsf based on the assumed sand layer strength parameters for the geotechnical axial capacity 
calculations shown in Figures GD5-9 and GD5-10.   

4.4.2 Recommend Foundation Lateral Capacities 

 Table GD5-10 presents recommended soil properties and parameters to evaluate deep 
foundation lateral capacities using the program LPILEPLUS, including reduced soil properties 
corresponding to potential liquefaction expected for post-seismic conditions.  Figure GD5-11 
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presents the AASHTO LRFD recommended p-multiplier for group effect on laterally loaded 
piles or drilled shafts. 

For earthquake loading conditions, the lateral capacity and stiffness provided by the 
abutments depends on whether or not the expansion joint between the bridge superstructure and 
the abutment can accommodate the relative displacements between them.  We understand that 
the current proposed design for the bridge does not include an expansion joint between the 
abutment walls and the superstructure.  Therefore, the lateral capacity will be controlled by 
passive soil pressures.  The lateral stiffness of the abutments can be estimated by assuming that 
the passive earth pressure is fully mobilized when the horizontal displacement of the abutment 
equals 2 percent of the abutment height.  Passive earth pressures are provided in the abutment 
wall design recommendations portion of this report. 

4.5 Retaining Wall Design Recommendations 

We understand that the proposed Jordan River Bridge abutment and wing walls will be concrete 
walls.  The wing walls on the west abutment will be cantilevered on the west abutment pile cap.  
On the east abutment, the wing walls of the bridge and of the underpass trail will be conventional 
concrete cantilever walls supported on shallow foundations.  

As shown in Figure GD5-2, two proposed types of retaining walls; Post and Panel walls, and 
MSE walls will be constructed to reduce embankment footprint in wetland areas.  The post and 
panel walls are supported by soldier piles that consist of a moment resisting beam in a drilled 
shaft.  The following sections present lateral earth pressure and foundation recommendations for 
the bridge abutment and wing walls, and design recommendations for MSE, and Post and Panel 
walls.  

4.5.1 Lateral Earth Pressures 

 For the bridge abutment walls and wing walls, we recommend estimating unfactored 
active and at-rest lateral resistance of soil acting on the abutment walls using the values 
presented in the table below that are expressed as equivalent fluid weights in pound per cubic 
foot (pcf). A lateral earth pressure coefficient (K) of  0.26 (active) and 0.41 (at-rest) and a soil 
unit weight of 130 pcf may be used to estimate lateral earth pressure acting on walls with level 
backfill due to surcharge.  The pressures assume that the embankment fill is placed and 
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compacted behind the wall in accordance with UDOT Standard Specifications and with the 
recommendations in this report, and that the water level is below the supported height of the 
wall.  Active earth pressure is applicable to walls that are allowed to yield at the top 0.001 H or 
greater, where H is the height of the wall.  Rigid buried walls or those that cannot yield a 
sufficient amount to cause active conditions should be designed using at-rest earth pressure.  The 
following table also presents uniform dynamic increments for expected earthquake and 
maximum considered earthquake ground motions in pounds per square foot (psf), which should 
be added to the static earth pressures.   

LATERAL EARTH PRESSURES 

Lateral Earth Pressure Condition 
Backslope 

Horizontal 3H:1V 
Active Lateral Earth Pressure (pcf) 33 39 
At-Rest Lateral Earth Pressure  (pcf) 54 60 
Dynamic Earth Pressure Increment EE (psf) 6H 10H 
Dynamic Earth Pressures Increment MCE (psf) 11H 20H 

 Notes: 
 EE =expected earthquake 
 H:V = horizontal to vertical 
 MCE = Maximum Considered Earthquake 
 pcf = pounds per cubic foot 
 psf = pounds per square foot 
 
 
 Unfactored passive earth pressures, assuming horizontal ground surface in front of the 
wall equal to the buried depth of the wall backfilled with granular structural fill, can be estimated 
using a recommended equivalent fluid weight of 1,000 pcf.  We recommend that the resistance 
acting on buried portions of the wall within 2 feet of the ground surface be ignored.  AASHTO 
LRFD recommends a passive resistance factor of 0.5 and that appropriate load factors should be 
applied. 

 For the proposed post and panel walls, we recommend assuming equivalent fluid weights 
of 38 and 63 pcf to calculate active and at rest earth pressures.  These values differ from our 
recommendations above, because of expected variability in the embankment backfill material. 

4.5.2 Foundations 

 The abutment walls will be supported on driven piles as previously described in this 
memorandum.  We understand the proposed wing walls that extend away from the east abutment 
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will be supported on spread footing foundations.  Bearing pressure is a function of footing width.  
For initial design, we recommend assuming an unfactored soil bearing pressure of 8,000 psf for a 
10-foot-wide footing.  This recommendation assumes the liquefaction mitigation measures 
recommended in this memorandum are adopted and that wall footings would be supported on the 
improved ground.  We can provide bearing capacity recommended for other footing sizes as 
needed.  A coefficient of friction of 0.45 may be assumed along the base of the footing to resist 
sliding.  AASHTO LRFD design recommends the use of Resistance Factor of 0.5, and 0.8 for 
bearing resistance and sliding, respectively. 

4.5.3 Mechanically Stabilized Earth (MSE) Walls 

For static long-term conditions, we analyzed the MSE wall for bearing capacity, sliding, 
and overturning stability.  Our evaluation of the factors of safety against sliding and overturning 
instability is for guidance only.  The MSE wall manufacturer/provider should evaluate and 
submit these analyses. 

The long-term bearing capacity factor of safety is below the UDOT-required factor of 
safety.  In our opinion, the factor of safety we calculate is sufficient for MSE walls.  In our 
experience, walls built on soft subgrade commonly cannot achieve a 2.5 factor of safety for 
bearing capacity, yet are stable as shown by global stability analyses and long-term performance.  
Therefore, we recommend requesting a variance for UDOT.  We can provide an MSE wall 
design expert if requested.  If not, ground improvement would be required.  Our bearing capacity 
calculations do not consider eccentric loading because MSE wall have flexible foundations.   

We analyzed lateral squeeze in accordance with MSE wall design procedures developed 
by the Federal Highway Administration (Elias et al., 2001).  The lateral squeeze factor of safety 
is the ratio of three times underdrained shear strength (for soft bearing soils) to the height of the 
embankment times the MSE wall backfill unit weight.  The resulting factor of safety is 1.1 for a 
7-foot permanent embankment height and 0.7 for the 7-foot embankment plus surcharge height.  
Over time, the clay subgrade will consolidate and the undrained shear strength will increase.  
During construction, we recommend a monitoring the wall performance with inclinometers 
during the surcharge and primary consolidation period to determine if excessive lateral 
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movement is beginning.  A summary of the calculated stability factors of safety for the MSE 
wall are presented in the following table along with the minimum UDOT requirements: 

CALCULATED FACTORS OF SAFETY FOR THE CRITICAL MSE WALL SECTION  

Stability Check(1) Calculated FS UDOT (2006) Minimum FS 
Bearing Capacity 2.2 2.5 
Sliding 3.3 1.5 
Overturning 14.5 2.0 

Notes:  
 FS = factor of safety 
 MSE = mechanically stabilized earth 
 UDOT = Utah Department of Transportation 

 
 

4.5.4 Post and Panel Walls  

 We understand that the post and panel walls will be supported by soldier piles that consist 
of a moment resisting beam in a 2.5-foot-diameter drilled shafts.  The drilled shafts will support 
axial loads through a combination of skin friction and end bearing.  Figure GD5-12 presents our 
recommendations for geotechnical axial capacity versus depth at the location of the Post and 
Panel walls between Sta. 650+50 to Sta. 660+00. 

We evaluated the axial capacity of the proposed drilled shaft foundation in accordance 
with the AASHTO LRFD (AASHTO, 2008) Article 10.8 for drilled shafts.  Axial capacity was 
evaluated at Service Limit, Strength Limit and Extreme Limit states as follows: 

1. Service Limit State:  Shaft axial capacity was evaluated based on side friction 
resistance and tip resistance for service settlement limits of 0.5 and 1.0 inch. 

2. Strength Limit State:  Axial capacity was evaluated based on ultimate side friction 
resistance and ultimate tip resistance.   

3. Extreme Limit State:  Axial capacity was evaluated based on ultimate side friction 
resistance and ultimate tip resistance. 

 Our settlement and liquefaction analyses indicated that no static or liquefaction-induced 
downdrag loads should be considered for the design of the drilled shafts at the location of the 
Post and Panel walls.  According to AASHTO (2008), the following loading cases should be 
considered when designing the bridge foundations.  
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AASHTO (2008) RECOMMENDED LOADING CASES 

Limit State Nominal Resistance Load Combination* 

Service Service (“Strength Limit” plot) DL+ LL 

Strength Strength (“Strength Limit” plot) DL+ LL 

Extreme Strength (“Strength Limit” plot) DL+EQ 

Extreme (“Extreme Limit” plot) DL+EQ 
DL+LL 

Notes: 
*  Other loads like “wind loads” should be applied as appropriate. 
+  Strength nominal resistance using Extreme Limit Resistance Factors. 
AASHTO = American Association of State Highway and Transportation Officials 
DL = dead load 
LL = live load 
EQ = earthquake load 
 

 All loads should be multiplied by the appropriate load factors according to the AASHTO 
LRDF.  Soil nominal resistance should be multiplied by the appropriate Resistance Factors as 
indicated in Figure GD5-12.  Table GD5-11 presents recommended soil properties and 
parameters to evaluate the drilled shafts lateral capacities using the program LPILEPLUS . 

5.0 CONSTRUCTION CONSIDERATIONS 

5.1 Driven Pile Installation 

5.1.1 Wave Equation Analysis for Pile (WEAP) Driving  

 To establish driving criteria for pile installation, we performed a preliminary Wave 
Equation Analyses for Pile driving (WEAP) analysis assuming 16-inch closed end pipe pile will 
be used at the west and east abutments.  Kiewit/Clyde provided three different hammers that may 
be used to drive the piles.  The three hammers are IHC S-70, IHC S-90, and Delmag D-36 (APE 
36-32).  WEAP analyses allow evaluation of driving stresses so that an appropriate pile-driving 
hammer size can be selected to obtain the desired pile capacity without damaging the pile.  The 
analyses also provide estimates of the ultimate pile capacity for a given driving resistance (blows 
per foot).  All piles should be driven to ultimate loads as calculated by WEAP.  We performed 
WEAP analyses using the computer program GRLWEAP (PDI, 2005).  GRLWEAP is a 
one-dimensional Wave Equation Analysis program that simulates the pile response to pile-
driving equipment.  The subsurface conditions at each bridge abutment were input in the 
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analysis.  We assumed a pile length at each location that will achieve at least 5 feet of 
penetration into the very dense, silty sand layer.  No pile cushion was used in our analyses. 

 Results of the WEAP for the west and east abutments are presented in Figures GD5-13 
and GD5-14, respectively.  The results are presented as plots of driving resistance (blows/foot) 
versus ultimate pile capacity, maximum compression and tensile stress in the steel, energy at the 
pile tip, and hammer stroke.  Efficient pile driving can be defined as driving the pile to the 
desired ultimate capacity at a reasonable blow count of 100 blows per foot or less, and as close 
but not exceeding 90 percent of the yield strength  of the pile material.   

 The WEAP results indicate that the Delmag D 36 hammer could drive the 16-inch closed 
end pipe piles with reasonable driving resistance of about 40 blows per foot, without exceeding 
the maximum allowable compression stresses of the steel piles (90 percent of 50 ksi).  Based on 
these results, we recommend that the piles be considered to have reached refusal when the 
driving resistance reaches at least 3 blows per inch (bpi) for the last 6 inches of driving the piles. 
The hammer stroke of the Delmag D 36 should be at least 8 feet. 

 The WEAP results indicate that the other two hammers considered, IHC S-70 and 
IHC S-90 should be able to drive the piles to the required ultimate capacity but would exceed the 
allowable compressive stress of the pile material.  

 The following sections provide recommendations for monitoring and testing.  For the 
LRFD resistance factors that are being used for pile design, Pile-Driving Analyzer (PDA) and 
Case Pile Wave Analysis Program (CAPWAP) are required.   

5.1.2 Test Pile Program 

 The recommended pile capacities and corresponding penetrations are based on theoretical 
and empirical data, subsurface conditions encountered at the site in limited number of borings, 
and our engineering judgment and experience.  To substantiate our recommendations, and be 
able to use a resistance factor of 0.65 per the AASHTO LRFD, we recommend that a test pile 
program be undertaken.  The test pile program could consist of driving indicator piles and 
performing dynamic pile tests using a PDA.  We recommend a minimum of four piles per 
abutment be driven as indicator piles.  This is the minimum number of piles to be tested 
according to AASHTO LRFD Table 10.5.5.2.3-3 for 26 to 51 piles per site of low variability of 
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soil conditions.  During indicator pile driving, we recommend that dynamic measurements using 
a PDA be taken and a Case Pile Wave Analysis Program be performed on each test pile.  Based 
on our experience, dynamic pile tests are a cost-effective method for determining the total 
ultimate pile capacities and load distributions.  Test piles may be used as production piles if they 
meet the specified installation procedures and requirements. 

5.1.3 Monitoring Pile Driving 

 Shannon & Wilson should observe and evaluate all pile driving by making a continuous 
driving record of each pile.  For this purpose, the Contractor should mark the pile in 1-foot 
increments.  During restrike, additional 1-inch increments between the 1-foot marks would be 
required. 

 The pile-driving record would include hammer stroke (diesel hammers), blows per foot, 
time, date, reasons for delays, and other pertinent information.  In addition, the record would 
include tip elevation, specified criteria, and the initials of inspectors making final acceptance of 
the pile.  The pile-driving records should be reviewed on a daily basis by Shannon & Wilson.  

5.1.4 Pile Driving Vibrations and Movement Monitoring 

 We recommend developing and implementing vibration criteria for the existing forced 
sewer pipeline and waterline west and east of the bridge.  The criteria should consider the type 
and frequency of the vibrations and the existing condition of the pipelines.  Prior to construction, 
we recommend that threshold vibrations levels be determined and, if appropriate, vibration 
monitors be placed on the pipelines to monitor vibration during construction.  Developing 
vibration threshold criteria and monitoring vibrations during construction will aid in assessing 
the need for mitigating measures, as well as resolving potential disputes.   

5.2 Fill and Earthwork Recommendations 

In general, the proposed embankment project will require between about 2 and 18 feet of 
permanent structural fill and up to approximately 6.5 feet of surcharge plus overbuild fills.  Prior 
to the placing fills, the subgrade will need to be properly prepared in order to receive the new 
embankment material.  The following sections present our recommendations for site preparation 
and grading, structural fill placement and compaction, and construction operations during wet 
weather. 
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5.2.1 Site Preparation and Grading  

 Subgrade soil that will support fills and roadway structures should be prepared in 
accordance with UDOT Standard Specifications and the special provision Section 02231 with 
some modifications.  We recommend removing any snow, debris, brush and other material that 
would impede fill placement.  In areas where very soft clay underlies a thin desiccated crust, 
existing grass may be left in place and upper desiccated crust should not be disturbed to provide 
initial working surface.  Any surface water or groundwater should be drained or pumped from 
areas requiring grading. 

 Upon completion of excavation to obtain desired grades, the exposed surface should be 
prepared for placement of fill in accordance with UDOT Standard Specifications Section 02056.  
Should proof-rolling reveal the presence of soft zones, they should either be removed and 
replaced with structural fill or, as described in Part 3.2 of UDOT Standard Specification Section 
02056, a working platform may be constructed across soft, wet ground.  The use of a geogrid 
(e.g., Tensar BX1100 or similar) across the soft, wet ground could facilitate construction of the 
working platform.  Alternatively, a 2-foot lift of granular fill with a maximum 6-inch particle 
size could be placed, and then tracked and wheel rolled in place.  Subsequent lifts of structural 
fill should be placed and compacted in accordance with UDOT Standard Specifications. 

5.2.2 Backfill for Structures and Pavement Subgrade 

 All fill beneath structures within 150 feet of bridge abutments, within 2 feet of pavement 
subgrades, and other areas where settlements are to be minimized or backfill will be relied upon 
for passive resistance should be densely compacted structural fill.  Structural fill soil should 
consist of a well-graded sand and gravel of on-site or imported granular soil, free of organic 
debris, rubbish, and contaminants.   

 We recommend using granular fill that contains not more than 15 percent fines (material 
passing the No. 200-mesh sieve, based on the minus -¾ -inch fraction).  Our recommendations 
for structural fill generally follow that for granular borrow in Part 2.3, Section 02056, of the 
UDOT Standard Specifications, and the moisture content of the soil should be within ±2 percent 
of its optimum to allow proper compaction.  All structural fill material should have a maximum 
particle size smaller than 3 inches.  Existing embankment fill material may be reused provided 
they met these criteria.  Fill material should not contain frozen soil or be placed on frozen 
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ground.  Fill soil should have a temperature of at least 35 degrees when it is placed during 
freezing conditions to reduce the possibility of freezing before it is compacted.   

 If fill placement occurs during wet weather, wet conditions or below the water level in 
any excavation, structural fill material should consist of aggregate that conforms to UDOT 
granular borrow specifications and for Contractor convenience has not more than 5 percent fines 
by weight passing the No. 200 mesh sieve based on a wet sieve analysis of the fraction passing 
the ¾-inch sieve.  The fines should be nonplastic and the fill material should have a maximum 
particle size smaller than 3 inches.   

 Structural fill should be constructed in accordance with Part 3.3 and 3.4, Section 02056, 
of the UDOT Standard Specifications, as appropriate.   

 If subgrade or fill soils become loosened or disturbed, additional excavation to expose 
competent, undisturbed soils and replacement with properly compacted structural fill will be 
required.   

5.2.3 Common Embankment and Surcharge Fill 

 Our recommendations for material to be used for common embankment and surcharge fill 
construction generally follow UDOT Standard Specification Section 02056, Part 3.2 (UDOT, 
2008).  However, during wet or freezing conditions we do not recommend the use of materials 
classified as A-4 in AASHTO M 145, which can be difficult to condition and compact during 
wet or freezing conditions.   

 Common embankment fill should constructed be in accordance with Part 3.3, 
Section 02056, of the UDOT Standard Specifications.   

 If subgrade or fill soils become loosened or disturbed, additional excavation to expose 
competent, undisturbed soils and replacement with properly compacted structural fill will be 
required. 
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Loading
Unloading/ 
Reloading Loading

Unloading/ 
Reloading Loading

Unloading/ 
Reloading Loading

Stiff silty CLAY 0 10 10 110 Consolidation - - 4 0.16 0.016 9 16 0.006 -
Loose to m. dense clayey SAND 10 16 6 110 Elastic 200 200 - - - - - - X
Stiff silty CLAY 16 24 8 105 Consolidation - - 2 0.18 0.018 9 16 0.007 -
M. stiff silty CLAY to clayey SILT 24 35 11 105 Consolidation - - 2 0.16 0.016 35 61 0.003 -
Dense sandy GRAVEL 35 43 8 125 Elastic 1000 1000 - - - - - - X
Notes:
1) Soil profile is based on SWB-201, SWT-205, and B-01.
2) Groundwater depth is assumed at 16 feet.

TABLE GD5-1
ESTIMATED SOIL PROPERTIES

STATION 600+41 TO 606+00

Continiously 
Drained 
Layers

Unit 
Weight
 (pcf) OCR

Elastic or 
Consolidation 

Settlement

Ccε CαεElastic Modulus (ksf)
Cv                          

(ft2/month)

Soil Type

Top
Depth

(ft)

Bottom
Depth

(ft)
Thickness 

(ft)

23-1-01178-010-GD5-Tables-1 through 6.xls  23-1-01178-010
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Loading
Unloading/ 
Reloading Loading

Unloading/ 
Reloading Loading

Unloading/ 
Reloading Loading

M. dense clayey SAND 0 6 6 120 Elastic 1000 32 350 450 - - - - - - - X
Soft CLAY 6 14 8 105 Consolidation 450 - - - 2 0.18 0.018 10 17.5 12 0.007
Loose to m. dense SAND 14 16 2 100 Elastic - 30 250 350 - - - - - - - X
M. stiff to stiff CLAY 16 26 10 100 Consolidation 800 - - - 2 0.16 0.016 14 24.5 16 0.006
M. dense SAND 26 27.5 1.5 120 Elastic - 33 400 500 - - - - - - - X
M. stiff to stiff CLAY 27.5 40 12.5 110 Consolidation 1500 - - - 2 0.18 0.018 6 10.5 8 0.007
M. dense SAND 40 44 4 120 Elastic - 34 400 500 - - - - - - - X
M. stiff CLAY 44 51 7 110 Consolidation 2100 - - - 2 0.16 0.016 32 56 32 0.003
V. dense clayey SAND 51 70 19 130 Elastic - 36 800 950 - - - - - - - X
V. dense sandy GRAVEL and 70 80 10 140 Elastic - 40 1000 1000 - - - - - - - X

Unit
Weight

(pcf)
φ

(deg.)
Su

(psf)

Elastic or 
Consolidation 

SettlementSoil Type

Top
Depth

(ft)

Bottom 
Depth

(ft)

Ccε Cαε

TABLE  GD5-2 
ESTIMATED SOIL PROPERTIES

STATION 621+00 TO WEST ABUTMENT

Continiously 
Drained 
LayersOCR

Ch             

(ft2/month)

Elastic Modulus (ksf)
Cv                        

(ft2/month)
Thickness 

(ft)

gravelly SAND 70 80 10 140 Elastic 40 1000 1000 X

Notes:
1) Soil profile is based on SWC-211, SWC-220, and B-3.
2) Groundwater Depth is assumed at 8 feet (Elev. 4490 feet).

23-1-01178-010-GD5-Tables-1 through 6.xls  23-1-01178-010
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Loading
Unloading/ 
Reloading Loading

Unloading/ 
Reloading Loading

Unloading/ 
Reloading Loading

V. stiff to hard CLAY 0 6 6 115 Consolidation 1000 - - 1.5 0.16 0.016 14 25 16 0.006 -
Clayey, silty SAND 6 8 2 120 Elastic - 30 200 300 - - - - - - - X
Soft CLAY 8 25 17 100 Consolidation 500 - - - 2 0.16 0.016 14 25 16 0.006 -
M. stiff to stiff CLAY 25 34 9 110 Consolidation 1500 - - - 2 0.18 0.018 6 11 8 0.007 -
M. dense SAND 34 36 2 115 Elastic - 34 250 375 - - - - - - - X
M. stiff CLAY 36 42 6 110 Consolidation 2100 - - - 2 0.16 0.016 32 56 32 0.003 -
M. stiff CLAY 42 56 14 110 Consolidation 2100 - - - 2 0.16 0.016 32 56 32 0.003 -
V. dense clayey SAND 56 68 12 130 Elastic - 36 800 950 - - - - - - - X
V. dense sandy GRAVEL and 
gravelly SAND 68 75 7 140 Elastic - 40 1000 1000 - - - - - - - X

N

CcεUnit
Weight

(pcf)
φ

(deg.)
Su

(psf) OCR

Elastic or 
Consolidation 

Settlement

Cαε

TABLE  GD5-3
ESTIMATED SOIL PROPERTIES

EAST ABUTMENT TO STATION 630+00 

Ch             

(ft2/month)

Elastic Modulus 
(ksf)

Cv                        

(ft2/month)

Soil Type

Top
Depth

(ft)

Bottom 
Depth

(ft)
Thickness 

(ft)

Continiously 
Drained 
Layers

Notes:
1) Soil profile is based on SWB-202 and SWT-219.
2) Groundwater Depth is assumed at 4 feet (Elevation 4490 feet).
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Loading
Unloading/ 
Reloading Loading

Unloading/ 
Reloading Loading

Unloading/ 
Reloading Loading

Loose silty SAND 0 2 2 130 Elastic 200 200 - - - - - - X
Soft silty CLAY 2 15 13 105 Consolidation - - 1.5 0.2 0.02 6 11 0.007 -
D. silty SAND 15 18 3 125 Elastic 600 600 - - - - - - X
M. stiff silty CLAY 18 31 13 105 Consolidation - - 2 0.2 0.02 6 11 0.007 -
Sandy SILT to silty SAND 31 38 7 110 Elastic 300 300 - - - - - - X
M. stiff sandy silty CLAY 38 47 9 115 Consolidation - - 2 0.19 0.019 16 28 0.007 -
M. dense silty SAND 47 51 4 110 Elastic 400 400 - - - - - - X

TABLE  GD5-4 
ESTIMATED SOIL PROPERTIES

STATION 630+00 TO 640+50

CcεElastic Modulus (ksf)
Cv                         

(ft2/month)

Soil Type

Top
Depth

(ft)

Bottom 
Depth

(ft)
Thickness 

(ft)

Continiously 
Drained 
LayersOCR

CαεUnit
Weight

(pcf)

Elastic or 
Consolidation 

Settlement

M. stiff silty CLAY 51 55 4 105 Consolidation - - 2 0.195 0.0195 7 12 0.007 -
M. dense silty SAND 55 56 1 120 Elastic 400 400 - - - - - - X
Stiff silty CLAY 56 64 8 110 Consolidation - - 2.5 0.195 0.0195 7 12 0.004 -
D. sandy GRAVEL 64 70 6 125 Elastic 1000 1000 - - - - - - X
Notes:
1) Soil profile is based on SWC-213, SWC-212, and SWC-218.
2) Groundwater depth is assumed at 4 feet.
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Loading
Unloading/ 
Reloading Loading

Unloading/ 
Reloading Loading

Unloading/ 
Reloading Loading

V. loose silty SAND 0 2 2 120 Elastic 200 200 - - - - - - X
Stiff silty CLAY 2 5 3 110 Consolidation - - 3 0.185 0.0185 15 26 0.007 -
M. dense silty SAND 5 8 3 120 Elastic 400 400 - - - - - - X
M. stiff silty CLAY 8 22 14 110 Consolidation - - 3 0.185 0.0185 15 26 0.007 -
M. dense SILT 22 24 2 100 Elastic 200 200 - - - - - - X
V. soft silty CLAY 24 30 6 100 Consolidation - - 2.5 0.195 0.0195 8 14 0.007 -
Soft silty CLAY 30 45 15 100 Consolidation - - 2 0.195 0.0195 8 14 0.007 -
Silt SAND 45 47 2 100 El ti 200 200 X

Elastic or 
Consolidation 

Settlement

Unit
Weight

(pcf)

Ccε Cαε

TABLE  GD5-5
ESTIMATED SOIL PROPERTIES

STATION 640+50 TO 649+00

Elastic Modulus (ksf)
Cv                         

(ft2/month)

Soil Type

Top
Depth

(ft)

Bottom
Depth

(ft)
Thickness 

(ft)

Continiously 
Drained 
LayersOCR

Silty SAND 45 47 2 100 Elastic 200 200 - - - - - - X
Clayey SILT 47 58 11 100 Consolidation - - 2 0.14 0.014 45 79 0.003 -
D. sandy GRAVEL 58 65 7 125 Elastic 1000 1000 - - - - - - X
Notes:
1) Soil profile is based on SWC-214, SWT-207, and SWC-214.
2) Groundwater depth is assumed at 4 feet.
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Loading
Unloading/ 
Reloading Loading

Unloading/ 
Reloading Loading

Unloading/ 
Reloading Loading

M. dense silty SAND 0 3 3 125 Elastic 200 200 - - - - - - X
Stiff CLAY 3 5 2 120 Consolidation - - 2.5 0.16 0.016 11 19 0.006 -
M. dense silty SAND 5 7 2 120 Elastic 400 400 - - - - - - X
M. Stiff CLAY 7 24 17 110 Consolidation - - 2.5 0.16 0.016 11 19 0.006 -
Sandy SILT 24 25 1 110 Elastic 200 200 - - - - - - X
M. Stiff CLAY 25 31 6 110 Consolidation - - 2.5 0.16 0.016 11 19 0.006 -
V. soft CLAY 31 51 20 100 Consolidation - - 2.3 0.18 0.018 9 16 0.007 -
V. soft CLAY 51 71 20 100 Consolidation - - 1.6 0.19 0.019 7 12 0.007 -

TABLE  GD5-6 
ESTIMATED SOIL PROPERTIES

STATION 649+00 TO 723+50 AND STATION 606+00 TO 621+00

Continiously 
Drained 
Layers

Unit
Weight

(pcf) OCR

Elastic or 
Consolidation 

Settlement

Elastic Modulus (ksf) Ccε Cαε

Soil Type

Top
Depth

(ft)

Bottom 
Depth

(ft)
Thickness 

(ft)

Cv                          

(ft2/month)

M. stiff CLAY 71 92 21 95 Consolidation - - 1.6 0.19 0.019 7 12 0.007 -
M. dense to dense sandy GRAVEL 92 95 3 115 Elastic 1000 1000 - - - - - - X
Notes:
1) Soil profile is based on SWB-204, SWC-215, SWT-208, SWT-209, and SWC-216.
2) Groundwater depth is assumed at 4 feet.
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TABLE GD5-7 
SETTLEMENT ESTIMATES AND RECOMMENDED SETTLEMENT MITIGATION 

 
 

Stations 

Proposed 
Embankment 

Height1  
(feet) 

Estimated 
Total 

Settlement 
(inches) PVDs 

Surcharge + Overbuild2 
Thickness (ft) / Stress (ksf) 

Duration (month) Start End 
600+41 to 606+00 4 – 8 4 - 9  - - 3 
606+00 to 620+00 2 – 4 < 2  - - 0 
620+00 to 622+00 4 – 9 2 - 6  - - 3 

622+00 to West Bridge Abutment3 9 -12 8 -10 Yes 4.0 / 0.52 4.0 / 0.52 3 
West Bridge Abutment to 30 feet3 Slope fill down 

at 1.5H: 1 V 
from abutment 

varies Yes 4.0 / 0.52 0 3 

West edge of trail/ levee to east 
bridge abutment4 

Slope fill up at 
1.5H: 1V from 
west edge of  
trail/ levee 

varies Yes 0 varies 3 

East bridge abutment4 to 626+50 17 - 18 31 - 32 Yes 6.5 / 0.85 6.5 / 0.85 3 
626+50 to 627+75 12 - 17 20 - 31 Yes 5 /0.65 5 /0.65 3 
627+75 to 628+75 8 - 12 12 - 20 Yes 4.5 / 0.6 4.5 / 0.6 3 
628+75 to 629+00 8  12  4.5 / 0.6 4.5 / 0.6 3 
629+00 to 636+50 5 - 8  10 - 12  4 / 0.52 4 / 0.52 3 
636+50 to 640+00 5 - 7 10-13  3.5 / 0.46 3.5 / 0.46 3 
640+00 to 649+00 7 - 9  5 - 6  - - 3 
649+00 to 653+50 6 - 7  3 - 5  2 / 0.26 2 / 0.26 3 
653+50 to 663+50 4 - 6  2 - 4  - - 3 
663+50 to 723+50 2 -4  < 2  - - 0 
723+50 to 725+00 8 - 10 -4  -5 -5 -5 

Notes: 
1. To finished grade. 
2.  Measured from finished grade. 
3. Start of the full surcharge plus overbuild height (4.0 feet) will vary based on where the 1.5H:1V slope from the ordinary high water intersects with the full 
surcharge + overbuild elevation. 
4. Start of the full surcharge plus overbuild height (6.5 feet) will vary based on where the 1.5H:1V slope from the trail/levee intersects with the full surcharge + 
overbuild elevation.  At some locations the intersection will occur east of the abutment. 
5. Surcharge for Dry Creek similar to recommendations provided by Terracon.  Surcharge will not be over the full width of the embankment. 
-  Means no settlement mitigation or embankment preload as described above.   
ft = feet 
ksf = kips per square foot 
PVDs = prefabricated vertical drains 
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TABLE GD5-8 

WEST ABUTMENT APPROACH SLAB LONGITUDINAL SETTLEMENT ESTIMATES 
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Notes: 
1.  Total post-construction settlement is primarily composed of secondary settlement and, therefore, is a function of time.  To reduce post-construction 
settlement, we assumed the approach slabs would be constructed eight months before the warranty period begins.   
2.  Based on the warranty requirements, as specified in the Request for Proposal.  Magnitude of allowable longitudinal settlement assumed for differential 
grade at start of warranty (row 5). 
 

Construction Stage 

Approach Slab Length 
30 Feet 

(Slab to 622+86) 
60 Feet 

(Slab to 622+56) 

1 Post-Construction Total Settlement (inches), 
(Slab Construction to Start of Warranty)1 

~0.4 ~0.4 

2 Warranty Period Total Settlement (inches), 
(5 years) 

0.6 0.6 

3 Warranty Allowable Longitudinal Settlement2 0.25 inch / 30 feet 0.5 inch / 60 feet 
4 Required Overbuild Thickness (inches) 1.0 - 0.25 = 0.75 1.0 - 0.5 = 0.5 
5 Differential Grade at Start of Warranty (inches) 0.75 - 0.4 = 0.35 0.5 - 0.4 = 0.1 

 Considerations 
0.35 inch / 30 feet exceeds 
warranty limits by 0.1 inch 

across the slab length.   



SHANNON & WILSON, INC. 

23-1-01178-010-Tables-GD5-7 thru 11 car.doc/wp/clp   23-1-01178-010 

 
 

TABLE GD5-9  
EAST ABUTMENT APPROACH SLAB LONGITUDINAL SETTLEMENT ESTIMATES 

Construction Stage 

Approach Slab Length 
30 Feet 

(Slab to 625+30) 
30 and 60 Feet 

(Slab to 625+60)  

1 Post-Construction Total Settlement (inches), 
(Slab Construction to Start of Warranty)1 

~0.2 ~0.6 

2 Warranty Period Total Settlement (inches), 
(5 years) 

0.6 1.1 

3 Warranty Allowable Longitudinal Settlement2 0.25 inch / 30 feet 0.5 inch / 60 feet 
4 Required Overbuild Thickness (inches) 0.2 + 0.6 - 0.25 = 0.55 0.6 + 1.1 – 0.5 = 1.2 

5 Differential Grade at Start of Warranty 
(inches) 

 0.55 – 0.2 = 0.35 
60 foot Slab:  1.2 – 0.6 = 0.6 
30 foot Slab:  1.2 – 0.6 - 0.35 = 
0.25  

 Considerations 
0.35 inch / 30 feet exceeds 
warranty limits by 0.1 inch 
across slab length. 

60 foot Slab:  0.6 inch / 60 feet 
exceeds warranty limits by 0.1 
inch across slab length. 
30 foot Slab:  0.25 inch / 30 feet 
is at warranty limits. 

Notes: 
1.  Total post-construction settlement is primarily composed of secondary settlement and therefore is a function of time.  To reduce post-construction 
settlement, we assumed the approach slabs would be constructed eight months before the warranty period begins.   
2.  Based on the warranty requirements, as specified in the Request for Proposal.  Magnitude of allowable longitudinal settlement assumed for differential 
grade at start of warranty (row 5). 
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TABLE GD5-10 
JORDAN RIVER BRIDGE 

RECOMMENDED PARAMETERS FOR LATERAL RESISTANCE ANALYSIS USING LPILEPLUS 

Abutment 
Representative 
Explorations1 

Ground 
Surface 

Elevation 
(feet)/ Depth to 
Groundwater   

(feet) 
LPILE  

Soil Type 

Depth of 
Soil Layer 

(feet) 

Total Unit 
Weight2 ,

γ  
(pcf) ε50 

Static Dynamic – Liquefied or Strength Reduced 

Assumed 
Friction Angle, 

φ  
(degrees) 

Cohesion, 
c 

(psf)

Initial 
Modulus of 
Subgrade 

Reaction, k
(pci) 

Assumed 
Friction Angle, 

φ 
(degrees) 

Cohesion, 
c 

(psf)

Initial 
Modulus of 
Subgrade 

Reaction, k
(pci) 

West 
Abutment 

B-3  
SWC-211 
SWC-220 

4497/ 7 

Sand (Reese) 0 - 7 120 - 34 - 85 34 - 85 
Soft Clay 7 - 14 105 0.02 - 520 60 - 440 50 

Sand (Reese) 14- 16 110 - 30 - 10 - 200 2 
Stiff Clay w/ free 

water 16- 26 105 0.01 - 800 100 - 800 100 

Stiff Clay w/ free 
water 26 - 40 110 0.013 - 1,000 240 - 1,000 240 

Sand (Reese) 40 - 44 120 - 34 - 70 - 850 30 
Stiff Clay w/ free 

water 44 - 51 110 0.008 - 2,000 280 - 2,000 280 

Sand (Reese) 51 - 70 130 - 39 - 125 36 - 125 
Sand (Reese) 70 - 80 140 - 42 - 200 40 - 200 

East 
Abutment 

SWB-202 
B-8 4494 / 4 

Sand (Reese)* 0 - 4 130 - 36 - 140 36 - 140 
Sand  (Reese)* 4 - 8 130 - 36 - 85 36 - 85 

Soft Clay 8 - 25 105 0.02 - 700 100 - 600 85 
Stiff Clay w/ free 

water 25 - 34 110 0.008 - 1,200 280 - 1,200 280 

Sand (Reese) 34 - 36 115 - 34 - 25 - 400 5 
Stiff Clay w/ free 

water 36 - 56 110 0.009 - 2,000 160 - 2,100 160 

Sand (Reese) 56 - 68 130 - 39 - 125 36 - 125 
Sand (Reese) 68 - 75 140 - 42 - 200 40 - 200 

Notes:   
1.  Subsurface information and recommended geotechnical parameters are based on the results of above indicated field explorations.  
2.  LPile requires effective unit weight of the soil layer.  Effective unit weight = total unit weight – unit weight of water.  γ'=γt  - γw  , where, γw = 62.4 pcf  
The values on the table above assume that the foundation consists of a single pile or drilled shaft, no lateral efficiency factor was considered due to group effect. 
If applicable, modifications to the p-y curves for sloping ground conditions should be determined in accordance with LPILE PLUS (2004) manual. 
*  Improved sand layer. 
pcf = pounds per cubic foot ; pci = pounds per cubic inch;  psf= pounds per square foot 
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TABLE GD5-11 

 POST AND PANEL WALLS - RECOMMENDED PARAMETERS FOR LATERAL 
 RESISTANCE ANALYSIS USING LPILEPLUS  

Notes:   
1.  Subsurface information and recommended geotechnical parameters are based on results of above indicated field explorations. 
2.  LPile requires effective unit weight of the soil layer.  Effective unit weight = total unit weight – unit weight of water ( γ'=γt  - γw  , where, γw = 62.4 pcf). 
3.  The values on the table above assume that the foundation consists of a single pile or drilled shaft; no lateral efficiency factor was considered due to group 
effect. 
4.  If applicable, modifications to the p-y curves for sloping ground conditions should be determined in accordance with LPILE PLUS (2004) manual. 
* Groundwater was not encountered during drilling. Depth was estimated  from nearby cone penetrometer tests 
** Sensitive clay below 20 feet.  Please consult with Shannon & Wilson if foundation extends below 20 feet 
pcf = pounds per cubic foot    
pci  = pounds per cubic inch   
psf  = pounds per square foot 

 
 

Exploration1 

Depth to 
Groundwater   

(feet) 

Wall Stations 

LPILE  
Soil Type 

Depth of Soil 
Layer 
(feet) 

Total Unit 
Weight2 , γ  

(pcf) ε50 

Static 
Dynamic – Liquefied or Strength 

Reduced 

From To 

Cohesion, c
 

(psf)

Assumed 
Friction 
Angle, φ 
(degrees)

Initial 
Modulus of 
Subgrade 

Reaction, k
(pci) 

Cohesion, c
(psf)

Assumed 
Friction 
Angle, φ 
(degrees)

Initial Modulus 
of Subgrade 
Reaction, k 

(pci) 

SWB-204 6* 650+00 655+00 
Sand (Reese) 0.0 – 6.0 115 - - 32 50 - 32 50 

Stiff Clay w free water 6.0 – 20.0** 115 0.009 1,000 - 275 1,000 - 275 

SWC-215 6 655+00 660+00 

Stiff Clay w/o free water 0.0 – 3.0 105 0.017 500 - 60 500 - 60 
Sand (Reese) 3.0 – 6.0 120 - - 30 40 - 30 40 

Stiff Clay w/ free water 6.0 – 12.0 115 0.008 1,200 - 350 1,200 - 350 
Stiff Clay w/ free water 12.0 – 20.0** 115 0.009 1,000 - 275 1,000 - 275 
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GD5-A-66 Dissipation Test SWC-221 at 32 ft 
GD5-A-67 Dissipation Test SWC-222 at 9 ft 
GD5-A-68 Dissipation Test SWC-222 at 26 ft  
GD5-A-69 Dissipation Test SWC-222 at 38 ft 
GD5-A-70 Dissipation Test SWC-223 at 31 ft 
GD5-A-71 Dissipation Test SWC-223 at 44 ft 
GD5-A-72 Dissipation Test SWC-223 at 62 ft 
GD5-A-73 Dissipation Test SWC-223 at 78 ft 
GD5-A-74 Dissipation Test SWC-224 at 4 ft 
GD5-A-75 Dissipation Test SWC-224 at 43 ft 
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APPENDIX GD5-A 
 

SUBSURFACE EXPLORATIONS 
 
 
GD5-A.1 INTRODUCTION 

The subsurface exploration program for the Pioneer Crossing project consisted of drilling 
borings, excavating test pits, and pushing cone penetration test (CPT) probes.  The subsurface 
explorations occurred in two phases:  the Request for Proposal (RFP) and final design phase.  
Shannon & Wilson used 12 borings, 17 test pits, and 13 CPTs for designing this project.  The 
borings, test pits, and CPTs were performed at the approximate locations shown in the Site and 
Exploration Plan, presented as Figure GD5-2, after the main report text.  The following table lists 
the boring/test pit/CPT designation, company name, date drilled, and depth of the exploration:  

DESCRIPTION OF EXPLORATIONS 

Designation Company Name Total Depth (feet) Date Drilled 
SWB-201 Shannon & Wilson 41.5 December 11, 2008 
SWB-202 Shannon & Wilson 75.3 December 16, 2008 
SWB-203 Shannon & Wilson 46.5 December 12, 2008 
SWB-204 Shannon & Wilson 95.5 December 14, 2008 

B-01 Terracon 21.5 March 18, 2008 
B-02 Terracon 21.5 March 18, 2008 
B-03 Terracon 75.5 March 19, 2008 
B-04 Terracon 21.5 April 2, 2008 
B-05 Terracon 26.5 March 18, 2008 
B-08 Terracon 76.0 April 1, 2008 
B-09 Terracon 21.5 April 2, 2008 
B-10 Terracon 26.5 April 3, 2008 

SWC-211 Shannon & Wilson 59.2 December 12, 2008 
SWC-212 Shannon & Wilson 65.6 December 13, 2008 
SWC-213 Shannon & Wilson 20.3 December 13, 2008 
SWC-214 Shannon & Wilson 64.0 December 14, 2008 
SWC-215 Shannon & Wilson 94.6 December 14, 2008 
SWC-216 Shannon & Wilson 93.8 December 15, 2008 
SWC-218 Shannon & Wilson 65.9 December 13, 2008 
SWC-220 Shannon & Wilson 52.0 December 12, 2008 
SWC-221 Shannon & Wilson 56.1 December 15, 2008 
SWC-222 Shannon & Wilson 58.9 December 15, 2008 
SWC-223 Shannon & Wilson 84.1 December 16, 2008 
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Designation Company Name Total Depth (feet) Date Drilled 
SWC-224 Shannon & Wilson 60.7 December 17, 2008 

CPT-2 Terracon 60.0 March 19, 2008 
SWT-205 Shannon & Wilson 14 December 17, 2008 
SWT-206 Shannon & Wilson 12 December 17, 2008 
SWT-207 Shannon & Wilson 16 December 16, 2008 
SWT-208 Shannon & Wilson 14 December 13, 2008 
SWT-209 Shannon & Wilson 15 December 15, 2008 
SWT-210 Shannon & Wilson 16 December 15, 2008 
SWT-217 Shannon & Wilson 19 December 15, 2008 
SWT-219 Shannon & Wilson 14 December 15, 2008 
SWT-225 Shannon & Wilson 15 January 17, 2009 
SWT-227 Shannon & Wilson 16 January 17, 2009 
SWT-228 Shannon & Wilson 15 January 17, 2009 
SWT-229 Shannon & Wilson 15 January 17, 2009 
SWT-230 Shannon & Wilson 14 January 17, 2009 
SWT-231 Shannon & Wilson 14 January 17, 2009 
SWT-232 Shannon & Wilson 6 January 17, 2009 
SWT-233 Shannon & Wilson 15 January 18, 2009 
SWT-234 Shannon & Wilson 16 January 17, 2009 

 

The approximate locations of the Shannon & Wilson subsurface explorations were surveyed by 
Kiewit/Clyde before they were performed.  The actual locations may vary.  Terracon provided 
coordinates for the RFP explorations for their explorations.  Boring, test pits, and CPT locations 
and elevations should be considered accurate to the degree implied by the method used.   

GD5-A.2 BORINGS 

The subsurface conditions along the Pioneer Crossing alignment were explored by Shannon & 
Wilson with four soil borings.  These four borings, designated SWB-201 through SWB-204 were 
advanced to depths ranging from 41.5 to 95.5 feet.       

GD5-A.2.1 Drilling Procedures 

Direct Push Services, LLC, drilled the soil borings under subcontract to Shannon & 
Wilson using a truck-mounted CME-75 drill rig.  The borings were drilled using mud-rotary 
techniques.  The drilling mud was a mixture of bentonite powder and water.  Cuttings are 
transported from the bottom of the borehole to the surface by drilling mud flowing between the 
drilling rods and the sides of the borehole.  The cuttings are deposited in a settling tank at the 
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ground surface and the mud is recirculated.  Soil samples are taken from the bottom of the mud-
filled open hole. 

Artesian groundwater conditions were encountered at approximately 65 feet below the 
ground surface (bgs) in boring SWB-202.  After drilling and sampling were completed, a well was 
placed in borings SWB-202 and SWB-203 and then boreholes were sealed with bentonite grout and 
chips.   

GD5-A.2.2 Soil Sampling 

 To obtain disturbed soil samples from borings, Standard Penetration Tests (SPTs) were 
performed in general accordance with the ASTM International (ASTM) Designation:  D 1586, 
Test Method for Penetration Test and Split-Barrel Sampling of Soils.  In borings SWB-201, 
SWB-203, and SWB-204, SPTs were performed every 2.5 feet to a depth of 20 feet and then at 
5-foot intervals to the bottom of the borings.  In boring SWB-202, SPTs were performed every 
2.5 feet to a depth of 40 feet and then at 5-foot intervals to the bottom of boring.  In the SPT, a 
2-inch outside-diameter, 1⅜-inch inside-diameter, split-spoon sampler is driven a distance of 
18 inches into the bottom of the borehole with a 140-pound hammer falling 30 inches.  At the 
time of this report, the hammer efficiency was not available, so we assumed a hammer efficiency 
of 75 percent.    

 Our field representative recorded the number of blows required to achieve each of three 
6-inch increments of sampler penetration.  The number of blows required to cause the last 
12 inches of penetration is termed the Standard Penetration Resistance (N-value).  This value is 
an empirical parameter that provides a means for evaluating the relative density, or compactness, 
of granular soils and the consistency, or stiffness, of cohesive soils.  The terminology used to 
describe the relative density or consistency of the soil is presented in Figure GD5-A-1.  
Generally, whenever 50 or more blows were required to cause 6 inches or less of penetration, the 
test was terminated, and the number of blows and the corresponding penetration were recorded.  
The N-values are plotted at the appropriate depths on the boring logs presented as 
Figures GD5-A-2 through GD5-A-5. 

The split-spoon sampler used during the SPT penetration testing recovers a disturbed 
sample of the soil, which is useful for identification and classification purposes.  The samples 
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were classified and recorded in field logs by our representatives.  The samples were then sealed 
in jars and returned to our laboratory for testing. 

At select locations, relatively undisturbed samples were obtained in general accordance 
with ASTM Designation:  D 1587-00, Standard Practice for Thin-Walled Tube Geotechnical 
Sampling of Soils.  The relatively undisturbed samples were obtained using a Shelby sampler, 
which is a 3-inch outer diameter, thin wall steel sampling tube with a sharp cutting edge that is 
connected to a sampling head attached to the drill rods.  The sampling tube is pushed for a 
distance of 2 feet and then retracted to obtain the sample.  The tube is then capped and sealed at 
both ends to preserve the field moisture conditions.  The sample tubes were then stored upright 
and driven to our laboratory for testing.    

GD5-A.2.3 Soil Classification 

A representative from Shannon & Wilson, Inc. was present throughout the field drilling 
period to observe the drilling and sampling operation, retrieve representative soil samples for 
subsequent laboratory testing, and to prepare descriptive field logs of the boring explorations.  
Boring sample classifications were based on the ASTM Designation:  D 2487-98, Standard Test 
Method for Classification of Soil for Engineering Purposes, and ASTM Designation:  
D 2488-93, Standard Recommended Practice for Description of Soils (Visual-Manual 
Procedure).  The Unified Soil Classification System (USCS), as described in Figure GD5-A-1 of 
this appendix, was used to classify the material encountered.  The boring logs presented in 
Figures GD5-A-2 through GD5-A-5 represent our interpretation of the samples and the results of 
geotechnical laboratory testing. 

GD5-A.2.4 Boring Logs 

 The design phase boring logs for Pioneer Crossing are presented as Figures GD5-A-2 
through GS5-A-5.  A boring log is a written record of the subsurface conditions encountered and 
graphically illustrate the geologic units (layers) encountered in each boring and the USCS symbol 
of each geologic layer.  It includes the blow count, corrected blow count (N1)60 and natural water 
content (where tested).  Other information shown in the boring logs includes the groundwater level 
observations made during drilling, ground water observations from well measurements (when 
available), ground surface elevations, station and offset, types and depths of sampling, fines 
content (where tested), and Atterberg Limits (where tested). 
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GD5-A.3 CONE PENETRATION TESTING 

Twelve CPT probes, designated SWC-211 through SWC-216, SWC-218, and SWC-220 through 
SWC-224  were performed at the site in December 2008 to supplement the subsurface 
information obtained in the borings and test pits and to perform additional in situ testing.  The 
CPT is an electric piezocone test that develops a nearly continuous subsurface profile of soil 
conditions at a particular location.  The testing was performed by In Situ Engineering under 
subcontract to Shannon & Wilson, in general accordance with procedures outlined in ASTM 
Designation:  D 3441-94, Test Method for Deep, Quasi-static, Cone and Friction-Cone 
Penetration Tests of Soil.  Soil samples are not obtained in this test method.  The 12 CPT probes 
ranged in depth from about 20 to 94 feet bgs. 

GD5-A.3.1 Field Equipment 

 The piezocone apparatus used by In Situ Engineering is a Hogentogler system.   In this 
test, steel rods with a cone tip on the end are pushed hydraulically into the soil at a relatively 
constant rate of approximately 2 centimeters per second (cm/sec).  Readings are recorded every 
5 cm.  The cone tip is connected to a stationary friction sleeve and has a cross-sectional area of 
10 cm2, a surface area of 15 cm2, and an angle of 30 degrees from the axis.  The area ratio for the 
tip was 0.8.  The stationary friction sleeve had the same diameter as the cone tip but a surface 
area of 150 cm2.  The cone tip and friction sleeve assembly is about 50 cm long and is pushed 
into the ground by steel rods.  Each rod is about 1 meter long.  An electronic cable is prestrung 
through the rods.  This cable provides power to the instruments and communication between the 
instrument and a computer.  The entire system is powered by a 12-volt deep cycle battery, which 
is periodically recharged. 

 The CPT instrument is capable of recording tip resistance, sleeve friction, pore pressure, 
and inclination as it penetrates into the ground.  The cone had a tip capacity of 10 tons or 
approximately 1,000 tons per square foot.  The cone was a subtraction type cone, which senses 
the tip resistance on one set of strain gauges and senses tip resistance plus side friction on 
another set of strain gauges.  The frictional reading was determined by electronically subtracting 
the tip reading from the combined reading.  The pore pressure sensor had a capacity of 
500 pounds per square inch.   The pore pressure filter element, located behind the cone tip, was a 
high-air-entry polypropylene disk that was discarded and replaced after every test hole.  Disks 
were pre-saturated by subjecting to a vacuum of 25 to 28 inches of mercury for 30 minutes while 
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submerged in a 50 percent solution of glycerin and water.  This filter element transmits pore 
pressures to the pressure transducer located within the cone tip. 

GD5-A.3.2 Testing Procedures 

 As the cone penetrated through the soil, measurements of tip resistance, sleeve friction, 
pore pressure, and inclination were electrically transmitted through the electronic cable to the 
ground surface and then displayed and recorded on a portable computer.  The cone was pushed 
into ground at a rate of 2 cm/sec and readings were recorded at 5 cm intervals.  Termination of 
the testing resulted when either the penetration resistance exceeded the capacity of the hydraulic 
system, or the rebounding (bending), of the cone penetrometer push rods became excessive.  The 
tip, filter element, and friction sleeve assemblies were disassembled and cleaned between holes.  
A new pore pressure filter element was placed in the assembly prior to each hole, and pore 
pressure cavities were filled with a 50 percent glycerin and water solution.  A syringe was used 
in filling void spaces to assist in removing air bubbles and increase saturation.   

GD5-A.3.3 Interpretation 

 The CPT data consists of cone tip resistance, sleeve friction, friction ratio (ratio of sleeve 
friction to cone tip resistance), and pore pressure versus depth.  This data was processed and 
interpreted by Shannon & Wilson and In Situ Engineering.  Soil parameters were estimated 
based on published correlations as shown in the following table: 

SOIL PARAMETERS ESTIMATED FROM CONE PENETRATION TESTS 

Soil Parameter Published Reference and Year 

Soil Behavior Type Robertson & Wride, 1998 
Wolff, 1989 

Kulhawy & Mayne, 1990 
Hatanaka & Uchida, 1996 Angle of Internal Friction 

Senneset et al. 1989 
Jeffries & Davies, 1993 Equivalent SPT N60 Value (uncorrected) 

Robertson, 1990 
In situ Unit Weight Mayne, 2001 
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GD5-A.3.4 Cone Penetration Test (CPT) Logs 

The CPT logs are presented as Figures GD5-A-14 through GD5-A-25.  A CPT log is a 
written record of the subsurface conditions encountered.  It graphically illustrates the cone tip 
resistance, the friction ratio, the pore pressure, the interpreted soil behavior type, and the 
correlated SPT N-value with depth. 

GD5-A.4 TEST PIT EXCAVATIONS 

The test pit excavations performed at the sites consisted of digging and sampling 17 test pits.  
The excavations were made using a CAT, track-mounted backhoe between December 13, 2008, 
and January 18, 2009.  The 17 test pits, designated SWT-205 through SWT-210, SWT-217, 
SWT-219, SWT-225, and SWT-227 through SWT-234 were excavated at selected locations 
along the alignment to depths ranging from 6 to 19 feet.   

Disturbed soil samples were collected in test pits SWT-205 through SWT-210, SWT-217, 
SWT-225, and SWT-227 through SWT-234.  The samples were classified and recorded in field 
logs by our representatives.  The samples were then sealed in jars and returned to our laboratory 
for testing.  The results of the laboratory test performed on one test pit sample are presented in 
Appendix GD5-B. 

Piezometer wells were installed in select test pits to allow for potentially stabilized water level 
measurements at a later date.  A description of the test pit wells is provided below: 

TEST PIT PIEZOMETER WELLS 

Test Pit Designation Well Depth (ft) Screen Interval (ft) 

SWT-206 12 2-12 
SWT-208 14 4-14 
SWT-209 15 5-15 
SWT-210 15 5-15 

 
The test pit logs are presented as Figures GD5-A-27 through GD5-A-43. 

A test pit log is a written record of the subsurface conditions encountered.  It graphically 
illustrates the geologic units (layers) encountered in the test pit and the USCS symbol of each 
geologic layer.  Other information shown in the test pit logs includes the estimated density, a plot 
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of soil sample depth and a description of the groundwater-level observations made during 
excavation. 

GD5-A.5 PREVIOUS SUBSURFACE EXPLORATIONS 

The subsurface explorations that were performed by Terracon during RFP are presented in 
Figures GD5-A-6 through GD5-A-13 (borings) and Figure GD5-A-26 (CPT).   

GD5-A.6 SEISMIC CONE LOGS 

Shear wave velocities along the Pioneer Crossing alignment were measured by performing two 
seismic cone tests.  One seismic cone test was performed by Terracon in CPT-02 during the RFP 
phase and one was performed by Shannon & Wilson in SWC-211 during the design phase.  The 
seismic cone logs are presented in Figures GD5-A-44 and GD5-A-45. 

GD5-A.7 DISSIPATION TESTS 

Dissipation tests were performed along the Pioneer Crossing alignment by Shannon & Wilson 
during the design phase.  The dissipation tests were performed in clayey soils to aid in 
determining permeability parameters and equalization tests were performed in sandy soils to aid 
in determining the elevation of the ground water table.  See table below for CPT designation and 
depth: 

DISSIPATION TESTS 

Cone Penetration Test (CPT) Depth (ft) 
SWC-211 20
SWC-211 25 
SWC-212 5 
SWC-212 13 
SWC-212 19 
SWC-212 28 
SWC-212 48 
SWC-213 10 
SWC-214 19 
SWC-214 30 
SWC-215 28 
SWC-215 41 
SWC-215 94 
SWC-216 18 
SWC-216 33 
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Cone Penetration Test (CPT) Depth (ft) 
SWC-216 93
SWC-218 46 
SWC-218 55 
SWC-220 8 
SWC-220 24 
SWC-221 32 
SWC-222 9 
SWC-222 26 
SWC-222 38 
SWC-223 31 
SWC-223 44 
SWC-223 62 
SWC-223 78 
SWC-224 4 
SWC-224 43 
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Shannon & Wilson
Operator:   Brown
Sounding:   SWC 211
Cone Used:  DSG1065

CPT Date/Time:  12/12/2008 10:48:09 AM
Location:  Pioneer Crossing Sta 622+80, Centerline, Elev. ~4498'
Job Number:  21-1-01178-010

Maximum Depth = 59.22 feet Depth Increment = 0.164 feet

Location of test was 5 ft west of staked position. Seismic Testing performed on this test
In Situ Engineering

*Soil behavior type and SPT based on data from UBC-1983
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Shannon & Wilson
Operator:   Brown
Sounding:   SWC 212
Cone Used:  DSG1065

CPT Date/Time:  12/13/2008 11:32:18 AM
Location:  Pioneer Crossing STA 631+20, +/- 40' R, Elev. ~4492' 
Job Number:  21-1-01178-010

Maximum Depth = 65.62 feet Depth Increment = 0.164 feet

In Situ Engineering
*Soil behavior type and SPT based on data from UBC-1983
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Shannon & Wilson
Operator:   Brown
Sounding:   SWC 213
Cone Used:  DSG1065

CPT Date/Time:  12/13/2008 9:35:42 AM
Location:  Pioneer Crossing STA 638+15, +/- 40' R, Elev. ~4491'
Job Number:  21-1-01178-010

Maximum Depth = 20.34 feet Depth Increment = 0.164 feet

In Situ Engineering
*Soil behavior type and SPT based on data from UBC-1983
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Shannon & Wilson
Operator:   Brown
Sounding:   SWC 214
Cone Used:  DSG1065

CPT Date/Time:  12/14/2008 9:29:37 AM
Location:  Pioneer Crossing STA 649+00, Centerline, Elev. ~4492'
Job Number:  21-1-01178-010

Maximum Depth = 63.98 feet Depth Increment = 0.164 feet

In Situ Engineering
*Soil behavior type and SPT based on data from UBC-1983
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Shannon & Wilson
Operator:   Brown
Sounding:   SWC 215
Cone Used:  DSG1065

CPT Date/Time:  12/14/2008 12:43:17 PM
Location:  Pioneer Crossing STA 657+15, +/- 40' R, Elev. ~4492'
Job Number:  21-1-01178-010

Maximum Depth = 94.65 feet Depth Increment = 0.164 feet

In Situ Engineering
*Soil behavior type and SPT based on data from UBC-1983
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Shannon & Wilson
Operator:   Brown
Sounding:   SWC 215
Cone Used:  DSG1065

CPT Date/Time:  12/14/2008 12:43:17 PM
Location:  Pioneer Crossing STA 657+15, +/- 40' R, Elev. ~4492'
Job Number:  21-1-01178-010

Maximum Depth = 94.65 feet Depth Increment = 0.164 feet

In Situ Engineering
*Soil behavior type and SPT based on data from UBC-1983
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Shannon & Wilson
Operator:   Brown
Sounding:   SWC 216
Cone Used:  DSG1065

CPT Date/Time:  12/15/2008 9:40:30 AM
Location:  Pioneer Crossing STA 672+00, +/- 40' R, Elev. ~4498'
Job Number:  21-1-01178-010

Maximum Depth = 93.83 feet Depth Increment = 0.164 feet

In Situ Engineering
*Soil behavior type and SPT based on data from UBC-1983
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 9            sand            

 10    gravelly sand to sand   
 11 very stiff fine grained (*)
 12   sand to clayey sand (*)  
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Shannon & Wilson
Operator:   Brown
Sounding:   SWC 216
Cone Used:  DSG1065

CPT Date/Time:  12/15/2008 9:40:30 AM
Location:  Pioneer Crossing STA 672+00, +/- 40' R, Elev. ~4498'
Job Number:  21-1-01178-010

Maximum Depth = 93.83 feet Depth Increment = 0.164 feet

In Situ Engineering
*Soil behavior type and SPT based on data from UBC-1983
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 4     silty clay to clay     
 5  clayey silt to silty clay 
 6  sandy silt to clayey silt 

 7  silty sand to sandy silt  
 8     sand to silty sand     
 9            sand            

 10    gravelly sand to sand   
 11 very stiff fine grained (*)
 12   sand to clayey sand (*)  
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Shannon & Wilson
Operator:   Brown
Sounding:   SWC 218
Cone Used:  DSG1065

CPT Date/Time:  12/13/2008 2:46:00 PM
Location:  Pioneer Crossing STA 630+10, +/- 70' R, Elev. ~4494'
Job Number:  21-1-01178-010

Maximum Depth = 65.94 feet Depth Increment = 0.164 feet

Test location is approximately 20 feet East of staked location
In Situ Engineering

*Soil behavior type and SPT based on data from UBC-1983
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 10    gravelly sand to sand   
 11 very stiff fine grained (*)
 12   sand to clayey sand (*)  
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Shannon & Wilson
Operator:   Brown
Sounding:   SWC 220
Cone Used:  DSG1065

CPT Date/Time:  12/12/2008 1:32:52 PM
Location:  Pioneer Crossing 50 ft S, 20 ft E SWC 211, Elev. ~4498'
Job Number:  21-1-01178-010

Maximum Depth = 52.00 feet Depth Increment = 0.197 feet

In Situ Engineering
*Soil behavior type and SPT based on data from UBC-1983
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 10    gravelly sand to sand   
 11 very stiff fine grained (*)
 12   sand to clayey sand (*)  
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Shannon & Wilson
Operator:   Brown
Sounding:   SWC 221 (TCC101)
Cone Used:  DSG1065

CPT Date/Time:  12/15/2008 1:02:38 PM
Location:  Pioneer Crossing STA 688+20, 69' R, Elev. ~4505'
Job Number:  21-1-01178-010

Maximum Depth = 56.10 feet Depth Increment = 0.164 feet

Test location is 9 feet south of staked location.
In Situ Engineering

*Soil behavior type and SPT based on data from UBC-1983
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 9            sand            

 10    gravelly sand to sand   
 11 very stiff fine grained (*)
 12   sand to clayey sand (*)  
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Shannon & Wilson
Operator:   Brown
Sounding:   SWC 222 (TCC102)
Cone Used:  DSG1065

CPT Date/Time:  12/15/2008 3:34:19 PM
Location:  Pioneer Crossing STA 694+00, Centerline, Elev. ~4507'
Job Number:  21-1-01178-010

Maximum Depth = 58.89 feet Depth Increment = 0.197 feet

In Situ Engineering
*Soil behavior type and SPT based on data from UBC-1983
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 10    gravelly sand to sand   
 11 very stiff fine grained (*)
 12   sand to clayey sand (*)  
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Shannon & Wilson
Operator:   Brown
Sounding:   SWC 223 (TCC103)
Cone Used:  DSG1065

CPT Date/Time:  12/16/2008 9:48:38 AM
Location:  Pioneer Crossing STA 709+50, +/- 70' R, Elev. ~4511'
Job Number:  21-1-01178-010

Maximum Depth = 84.15 feet Depth Increment = 0.197 feet

Stake was not in the field. Location estimated by pacing.
In Situ Engineering

*Soil behavior type and SPT based on data from UBC-1983
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 10    gravelly sand to sand   
 11 very stiff fine grained (*)
 12   sand to clayey sand (*)  
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Shannon & Wilson
Operator:   Brown
Sounding:   SWC 223 (TCC103)
Cone Used:  DSG1065

CPT Date/Time:  12/16/2008 9:48:38 AM
Location:  Pioneer Crossing STA 709+50, +/- 70' R, Elev. ~4511'
Job Number:  21-1-01178-010

Maximum Depth = 84.15 feet Depth Increment = 0.197 feet

Stake was not in the field. Location estimated by pacing.
In Situ Engineering

*Soil behavior type and SPT based on data from UBC-1983
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 7  silty sand to sandy silt  
 8     sand to silty sand     
 9            sand            

 10    gravelly sand to sand   
 11 very stiff fine grained (*)
 12   sand to clayey sand (*)  
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Shannon & Wilson
Operator:   Brown
Sounding:   SWC 224 (TCC104)
Cone Used:  DSG1065

CPT Date/Time:  12/17/2008 10:10:48 AM
Location:  Pioneer Crossing STA 721+00, +/-40' R, Elev. ~ 4515'
Job Number:  21-1-01178-010

Maximum Depth = 60.70 feet Depth Increment = 0.164 feet

In Situ Engineering
*Soil behavior type and SPT based on data from UBC-1983
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 11 very stiff fine grained (*)
 12   sand to clayey sand (*)  
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Clayey Silt

Clay
Silty Clay
Sandy Silt
Clayey Silt
Sandy Silt
Sandy Silt

Clay

Sensitive Fines

Silty Sand/Sand

Sensitive Fines

Silt

Clayey Silt

Sensitive Fines

Sensitive Fines

Silt

Silt

Sensitive Fines
Sandy Silt
Silt
Sandy Silt

Clayey Silt
Sandy Silt
Sand

Silt

Clayey Silt
Silty Sand/Sand
Sandy Silt
Silt
Clayey Silt

Silty Sand/Sand
Sand
Silty Sand/Sand
Sand
Silty Clay
Clayey Silt

Silt

Refusal Refusal Refusal Refusal

Ueq=44.2'

Equilibrium Pore Pressure from Dissipation

zac
Typewritten Text
FIG. GD5-A-26 (SHEET 1 OF 2)



0 250 500 750
50

55

60

65

70

75

80

85

90

95

100

qt (tsf)

D
ep

th
 (f

ee
t)

0 5 10

fs (tsf)

0 200 4000

u (ft)

0.0 2.5 5.0

Rf (%)

0 6 12

SBT

Terracon
Job No: 08-340
Date: 03:19:08  11:54
Site: EAST WEST CONNECTOR

Sounding: CPT-02
Cone: STD 20T   AD197 

Max Depth:  18.250 m /   59.87 ft
Depth Inc: 0.050 m / 0.164 ft
Avg Int: 0.150 m

File: 340CP02.COR
Unit Wt: SBT Chart Soil Zones

SBT: Lunne, Robertson and Powell, 1997
Page No: 2 of 2

Silt
Silty Clay

Sand
Silty Sand/Sand
Gravelly Sand
Silty Sand/Sand
Clayey Silt

Silt

Clayey Silt
Silt

Refusal Refusal Refusal Refusal

Ueq=44.2'

Equilibrium Pore Pressure from Dissipation

zac
Typewritten Text
FIG. GD5-A-26 (SHEET 2 OF 2)





































In Situ Engineering

Pioneer Crossing Shear Wave Velocity Plots
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Pressure
(psi)

Time: (seconds)

In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 211
Cone Used:  DSG1065

CPT Date/Time:  12/12/2008 10:48:09 AM
Location:  Pioneer Crossing Sta 622+80
Job Number:  23-1-01178-010

Maximum Pressure = 26.328 psi
.

 1  10  100  1000  10000 
    5

   10

   15

   20

   25

   30

Selected Depth(s)
       (feet)

20.341

zac
Typewritten Text
FIG. GD5-A-46



Pressure
(psi)

Time: (seconds)

In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 211
Cone Used:  DSG1065

CPT Date/Time:  12/12/2008 10:48:09 AM
Location:  Pioneer Crossing Sta 622+80
Job Number:  23-1-01178-010

Maximum Pressure = 36.207 psi
.
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Time: (seconds)

In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC-212
Cone Used:  DSG1065

CPT Date/Time:  12/13/2008 11:32:18 AM
Location:  Pioneer Crossing STA 631+20
Job Number:  23-1-01178-010

Maximum Pressure = 13.728 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC-212
Cone Used:  DSG1065

CPT Date/Time:  12/13/2008 11:32:18 AM
Location:  Pioneer Crossing STA 631+20
Job Number:  23-1-01178-010

Maximum Pressure = 21.126 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC-212
Cone Used:  DSG1065

CPT Date/Time:  12/13/2008 11:32:18 AM
Location:  Pioneer Crossing STA 631+20
Job Number:  23-1-01178-010

Maximum Pressure = 15.132 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC-212
Cone Used:  DSG1065

CPT Date/Time:  12/13/2008 11:32:18 AM
Location:  Pioneer Crossing STA 631+20
Job Number:  23-1-01178-010

Maximum Pressure = 27.976 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC-212
Cone Used:  DSG1065

CPT Date/Time:  12/13/2008 11:32:18 AM
Location:  Pioneer Crossing STA 631+20
Job Number:  23-1-01178-010

Maximum Pressure = 18.367 psi
 .
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 214
Cone Used:  DSG1065

CPT Date/Time:  12/14/2008 9:29:37 AM
Location:  Pioneer Crossing STA 649+00 Elev 4492.5
Job Number:  23-1-01178-010

Maximum Pressure = 61.702 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 214
Cone Used:  DSG1065

CPT Date/Time:  12/14/2008 9:29:37 AM
Location:  Pioneer Crossing STA 649+00 Elev 4492.5
Job Number:  23-1-01178-010

Maximum Pressure = 53.897 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 215
Cone Used:  DSG1065

CPT Date/Time:  12/14/2008 12:43:17 PM
Location:  Pioneer Crossing STA 657+15 Elev 4492.2
Job Number:  23-1-01178-010

Maximum Pressure = 67.377 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 215
Cone Used:  DSG1065

CPT Date/Time:  12/14/2008 12:43:17 PM
Location:  Pioneer Crossing STA 657+15 Elev 4492.2
Job Number:  23-1-01178-010

Maximum Pressure = 79.97 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 215
Cone Used:  DSG1065

CPT Date/Time:  12/14/2008 12:43:17 PM
Location:  Pioneer Crossing STA 657+15 Elev 4492.2
Job Number:  21-1-01178-010

Maximum Pressure = 44.779 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 216
Cone Used:  DSG1065

CPT Date/Time:  12/15/2008 9:40:30 AM
Location:  Pioneer Crossing STA 672+00 Elev 4498.8
Job Number:  23-1-01178-010

Maximum Pressure = 17.304 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 216
Cone Used:  DSG1065

CPT Date/Time:  12/15/2008 9:40:30 AM
Location:  Pioneer Crossing STA 672+00 Elev 4498.8
Job Number:  23-1-01178-010

Maximum Pressure = 81.643 psi
.

 1  10  100  1000 
   45

   50

   55

   60

   65

   70

   75

   80

   85

Selected Depth(s)
       (feet)

33.629

zac
Typewritten Text
FIG. GD5-A-60



Pressure
(psi)

Time: (seconds)

In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 216
Cone Used:  DSG1065

CPT Date/Time:  12/15/2008 9:40:30 AM
Location:  Pioneer Crossing STA 672+00 Elev 4498.8
Job Number:  23-1-01178-010

Maximum Pressure = 42.79 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC-218
Cone Used:  DSG1065

CPT Date/Time:  12/13/2008 2:46:00 PM
Location:  Pioneer Crossing STA 630+10
Job Number:  23-1-01178-010

Maximum Pressure = 109.474 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC-218
Cone Used:  DSG1065

CPT Date/Time:  12/13/2008 2:46:00 PM
Location:  Pioneer Crossing STA 630+10
Job Number:  23-1-01178-010

Maximum Pressure = 112.75 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 220
Cone Used:  DSG1065

CPT Date/Time:  12/12/2008 1:32:52 PM
Location:  Pioneer Crossing 50 ft S, 20 ft E SWC 211
Job Number:  23-1-01178-010

Maximum Pressure = 14.016 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 220
Cone Used:  DSG1065

CPT Date/Time:  12/12/2008 1:32:52 PM
Location:  Pioneer Crossing 50 ft S, 20 ft E SWC 211
Job Number:  23-1-01178-010

Maximum Pressure = 36.302 psi
.
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Time: (seconds)

In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 221 (TCC101)
Cone Used:  DSG1065

CPT Date/Time:  12/15/2008 1:02:38 PM
Location:  Pioneer Crossing STA 688+20 69R Elev 4505.90
Job Number:  23-1-01178-010

Maximum Pressure = 72.78 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 222 (TCC102)
Cone Used:  DSG1065

CPT Date/Time:  12/15/2008 3:34:19 PM
Location:  Pioneer Crossing STA 694+00 Elev 4507.3
Job Number:  23-1-01178-010

Maximum Pressure = 3.255 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 222 (TCC102)
Cone Used:  DSG1065

CPT Date/Time:  12/15/2008 3:34:19 PM
Location:  Pioneer Crossing STA 694+00 Elev 4507.3
Job Number:  23-1-01178-010

Maximum Pressure = 6.202 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 222 (TCC102)
Cone Used:  DSG1065

CPT Date/Time:  12/15/2008 3:34:19 PM
Location:  Pioneer Crossing STA 694+00 Elev 4507.3
Job Number:  23-1-01178-010

Maximum Pressure = 80.96 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 223 (TCC103)
Cone Used:  DSG1065

CPT Date/Time:  12/16/2008 9:48:38 AM
Location:  Pioneer Crossing STA 709+50 estimated Elev unknown
Job Number:  23-1-01178-010

Maximum Pressure = 55.306 psi
.

 1  10  100  1000  10000 
   20

   25

   30

   35

   40

   45

   50

   55

   60

Selected Depth(s)
       (feet)

31.66

zac
Typewritten Text
FIG. GD5-A-70



Pressure
(psi)

Time: (seconds)

In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 223 (TCC103)
Cone Used:  DSG1065

CPT Date/Time:  12/16/2008 9:48:38 AM
Location:  Pioneer Crossing STA 709+50 estimated Elev unknown
Job Number:  23-1-01178-010

Maximum Pressure = 68.306 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 223 (TCC103)
Cone Used:  DSG1065

CPT Date/Time:  12/16/2008 9:48:38 AM
Location:  Pioneer Crossing STA 709+50 estimated Elev unknown
Job Number:  23-1-01178-010

Maximum Pressure = 24.615 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 223 (TCC103)
Cone Used:  DSG1065

CPT Date/Time:  12/16/2008 9:48:38 AM
Location:  Pioneer Crossing STA 709+50 estimated Elev unknown
Job Number:  23-1-01178-010

Maximum Pressure = 102.832 psi
.
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 224 (TCC104)
Cone Used:  DSG1065

CPT Date/Time:  12/17/2008 10:10:48 AM
Location:  Pioneer Crossing STA 721+00  Elev 4515.1
Job Number:  23-1-01178-010

Maximum Pressure = 7.124 psi
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In Situ Engineering

Shannon & Wilson
Operator   Brown
Sounding:   SWC 224 (TCC104)
Cone Used:  DSG1065

CPT Date/Time:  12/17/2008 10:10:48 AM
Location:  Pioneer Crossing STA 721+00  Elev 4515.1
Job Number:  23-1-01178-010

Maximum Pressure = 81.243 psi
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APPENDIX GD5-B 
 

GEOTECHNICAL LABORATORY TESTING PROCEDURES AND RESULTS 
 
 
GD5-B.1 INTRODUCTION 

Disturbed samples collected between December 11, 2008, and January 18, 2009, from borings 
SWB-202, SWB-203, and SWB-204 and test pits SWT-206, SWT-207, SWT-208, SWT-209, 
SWT-210, SWT-217, SWT-219, SWT-225, SWT-227, SWT-228, SWT-229, SWT-230, 
SWT-231, SWT-232, SWT-233, and SWT-234 were sealed in jars and returned to our laboratory 
in Seattle, Washington, for testing.  Relatively undisturbed samples obtained from SWB-201, 
SWB-202, SWB-203, and SWB-204 were also returned to our Seattle lab for testing.  The 
samples were tested in December 2008 and January 2009 to measure the basic index properties 
and the engineering characteristics of the subsurface soils at the site.  Tests were conducted in 
general accordance with applicable ASTM International (ASTM) standards.  The following 
sections describe laboratory tests performed by Shannon & Wilson. 

The figures presenting laboratory test analyses are grouped by firm as shown in the 
Appendix GD5-B Table of Contents.  We obtained additional geotechnical data from the 
Baseline Geotechnical Field Exploration Report provided by Terracon Consultants, Inc. 
(Terracon, 2008) during the Request for Proposal (RFP) phase.  Shannon & Wilson, Inc. cannot 
be held responsible for laboratory test analyses performed by others for the RFP baseline reports.  

GD5-B.2 VISUAL CLASSIFICATION 

Each of the soil samples recovered from the borings was visually reclassified in our laboratory 
using a system based on the ASTM Designation:  D 2487, Standard Test Method for 
Classification of Soil for Engineering Purposes, or ASTM Designation:  D 2488, Standard 
Recommended Practice for Description of Soils (Visual-Manual Procedure).  These ASTM 
standards use the Unified Soil Classification System (USCS) described in Figure GD5-A-1.  The 
individual samples classifications have been incorporated into our boring logs presented in 
Figures GD5-A-2 through GD5-A-5. 
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GD5-B.3 INDEX TESTS 

GD5-B.3.1 Water Content Determination  

The natural water content of all soil samples recovered from the field explorations was 
determined in general accordance with ASTM Designation:  D 2216, Standard Method of 
Laboratory Determination of Water (Moisture) Content of Soil, Rock, and Soil-Aggregate 
Mixtures.  Comparison of water content of a soil with its index properties can be useful in 
characterizing soil unit weight, consistency, compressibility, and strength.  Water content is 
plotted in the boring logs presented in Appendix GD5-A. 

GD5-B.3.2 Grain Size Distribution Analyses 

Grain size distribution analyses were performed on 11 samples in general accordance 
with ASTM Designation:  D 422, Standard Method for Particle-Size Analysis of Soils and 
D 1140, Standard Test Methods for Amount of Material in Soil is Finer than No. 200 Sieve.  The 
general procedures to measure the grain size distribution of a soil sample include sieve analysis, 
hydrometer analysis, and combined analysis.   

Grain size distributions are used to assist in classifying soils and to provide correlation 
with soil properties, including permeability, liquefaction potential, behavior when excavated, 
capillary action, and sensitivity to moisture.  Results of the grain size analyses are plotted on 
grain size distribution curves presented in Figures GD5-B-1 and GD5-B-2.  Along with each 
grain size distribution is a tabulated summary containing the group symbol according to the 
USCS, the sample description, percentage of fines passing the No. 200 sieve, and the natural 
water content.  

GD5-B.3.3 Atterberg Limit Test 

 Atterberg Limit tests were performed on 13 samples of fine-grained soil in general 
accordance with ASTM Designation:  D 4318, Standard Test Method for Liquid Limit, Plastic 
Limit, and Plasticity Index of Soils.  The Atterberg Limits include Liquid Limit (LL), Plastic 
Limit (PL), and Plasticity Index (PI=LL-PL).  They are generally used to assist in classification 
of soil, to indicate soil consistency (when compared with natural water content), and to provide 
correlation to soil properties including compressibility and strength.   
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 The results of the Atterberg Limits determinations are shown in the appropriate boring logs 
in Appendix GD5-A, and in the plasticity charts presented in Figures GD5-B-3 and GD5-B-4.   

GD5-B.4 CONSOLIDATION TESTS 

Consolidation tests were performed on relatively undisturbed samples of silt or clay soil to 
provide data for estimating settlement.  Consolidation tests were performed in general 
accordance with ASTM D 2435, Test Method for One-Dimensional Consolidation Properties of 
Soils.  The results of these tests are included as Figures GD5-B-5 through GD5-B-9.   

GD5-B.5 TRIAXIAL COMPRESSION TESTS 

Consolidated-undrained triaxial compression tests were performed by Terracon on samples 
selected from boring B-02, B-03, B-05, B-08, and B-09 in general accordance with ASTM D 
4767, Test Method for Consolidated-undrained Triaxial Compression Test for Cohesive Soils.  
Test results are presented in Figures GD5-B-10 through GD5-B-14.  

GD5-B.6 REFERENCES 

ASTM International (ASTM), 2007, 2007 Annual book of standards, Construction, v. 04.08, Soil 
and rock (I):  D 420 – D 5611:  West Conshohocken, Pa. 

Terracon Consultants, Inc. (Terracon), 2008, Baseline geotechnical field exploration report, 
revision A, I-15 widening, 500 North to I-215, UDOT project no. BRF-15-7(213)320, 
north Salt Lake City & Salt Lake City, Utah:  Report prepared by Terracon Consultants, 
Inc., Draper, Utah, project no. 61075070A, for Michael Baker Jr., Inc., Midvale, Utah, 
March. 
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APPENDIX GD5-C 
 

STABILITY ANALYSES 
 
 
GD5-C.1 INTRODUCTION 

This appendix presents the results from the global slope stability analyses (Shannon & Wilson, 
2009).  Please see the calculation package for analysis details. 

At the east and west abutment, Layer 8 is modeled as a very dense, sand/gravel unit and is a 
combination of two separate layers in the soil profile.  For the stability analyses, this layer was 
modeled with a conservative shear strength value that differs from the strength value used in 
other portions of report.  Using a conservative value for this unit does not affect the results of the 
analyses since none of the failure surfaces intersect this layer. 

GD5-C.2 REFERENCE 

Shannon & Wilson, Inc., 2009, Geotechnical calculation GC-02, Pioneer Crossing, Lehi and I-15 
American Fork Interchange, Utah, Global Stability Analyses:  Calculation prepared by 
Shannon & Wilson, Inc., Seattle, Wash., 23-1-01178-010, for Kiewit/Clyde, in 
progress. 
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