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EXECUTIVE SUMMARY 

This report presents the results of geotechnical field and laboratory investigations, as well as geotechnical 

analyses and recommendations for the roadway study of the Legacy West Davis Highway project. The 

Legacy West Davis Highway as considered for this study consists of 28.6 kilometers of roadway. In order 

to characterize subsurface stratigraphy, 53 soil borings and 53 cone penetrometer test holes were generally 

completed to depths of 18.3 meters (60 feet) below existing/original (original if fill was present) ground 

surface. One CPT hole was extended to a maximum depth of 36.6 meters (120 feet) below the present surface 

grade. Laboratory testing was completed and test data is summarized in SECTION 5.0 MATERIAL 

PROPERTIES. Strength and consolidation parameters as well as Atterberg limits and moisture and density 

values are provided in that section. 

The extent and nature of subsurface soils pose significant geotechnical challenges for this type of project. 

Soils were found to be generally soft, moderately plastic clays and silts with interbeds of sands and 

occasional gravels. Clays, in general, extended for the full depth of investigations. Field conditions are 

described in SECTION 4.0 FINDINGS. Soft clay foundation soils combined with the large width of 

proposed embankments will cause induced stress increase to depth and resulting consolidation settlement. 

New embankments will be constructed on normally consolidated ("virgin") soils. Settlement of 

embankments could cause structural distress in nearby utilities and structures. Utilities crossing 

perpendicular to the alignment will be impacted. Predicted ultimate settlements vary in magnitude from 0.08 

to 0.36 meters (0.3 to 1.2 feet). 

HDR Engineering - Utah Department of Transportation 
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1.0 GENERAL 

The purpose of the investigation was to evaluate general subsurface soil and groundwater conditions for the 

proposed Legacy West Davis Highway, assess the suitability for construction, analyze the settlement and 

stability of embankments, and identify potential problem areas where large estimated settlement, instability, 

or other significant geotechnical challenges may exist. In accomplishing this purpose the following services 

were performed. 

1) Drilling and sampling of 53 borings and pushing 53 cone penetrometer test (CPT) holes 

located along the proposed centerline of the project. The borings and all but one of the CPT 

holes were advanced to depths of approximately 18.3 meters (60 feet) below 

existing/original (original if fill was present) ground surface. It is noted that a single CPT 

hole (WDC-lOI) was advanced to about 36.6 meters (120 feet) below the existing surface 

grade. 

2) Performing laboratory tests to aid in the determination of appropriate design parameters. 

3) Initiating an office program that included the evaluation of available data, performing 

engineering analyses, and preparation of this final report that includes the following items: 

a. A General Location Map and Plot Plans of the proposed Legacy West Davis 

Highway corridor that shows the locations of the exploratory borings and CPT 

holes. 

b. gINT logs of exploratory borings and CPT logs (Appendices A and B). 

c. A summary of laboratory test data along with summary tables of lab data for each 

boring (see Appendix C). Consolidation test data curves are presented in Appendix 

F. 

d. A detailed description of surface and subsurface conditions. 

e. Summaries of site geology and hydrogeology. 

f. Settlement estimates for embankments with appreciable new loading, with special 

attention to the effects of settlement on utilities and nearby structures. 

g. Stability analyses of embankments with potentially unstable geometries. 

HDR Engineering - Utah Department of Transportation 
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1.1 PROJECT SECTION DESCRIPTION 

The Legacy West Davis Highway, as considered for this study, extends approximately 28.6 kilometers (17.8 

miles), from Interstate 80 near the Salt Lake International Center to Interstate 15 in Farmington, Utah (Figure 

1). A detailed layout of the site is shown in Figure 2. 

This report presents results pertaining to the roadway design only. A separate investigation must be 

completed for structures. The Legacy West Davis Highway is proposed to consist of six to eight lanes of 

northbound and southbound traffic. The roadway will be elevated with embankments which are 

approximately 1.5 meters (5 feet) in height. The embankments will be approximately 43 meters (140 feet) 

wide from crest to crest with side slopes of 5.5H: 1 V (horizontal: vertical). 

HDR Engineering - Utah Department of Transportation 
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2.0 EXPLORATION PROGRAM 

Subsurface soil conditions were explored by drilling 53 borings and pushing 53 cone penetrometer test (CPT) 

holes between May and June of 1997. Soil borings and CPT holes were completed to determine subsurface 

conditions along the roadway corridor. 

a e . u su ace T bl 21 S b rf E f xplora Ions c ltd omple e 

Soil Borings CPT holes 

Holes Completed Depth Range (m) Holes Completed Depth Range (m) 

Total 53 13.9-21.6* 53 2.0-36.6** 

*Some borings were completed to depths greater than 18.3 meters (60 feet) to account for existing fill. 
**Most CPT holes were completed to 18.3 meters unless CPT refusal was reached at a lesser depth. One CPT hole was 
completed to a depth of 36.6 meters (120 feet). 

Borings were drilled with helicopter-transported, light-weight, portable, rotary drilling and CPT equipment. 

Approximate soil boring and CPT locations are presented in Figure 2. The field program was conducted and 

supervised by an engineer/geologist who maintained continuous logs of the subsurface conditions 

encountered. Relatively undisturbed soil samples were obtained using a Dames & Moore Type-O sampler 

(76-mm O.D.) at 1.5 meter (5 foot) intervals or at changes in stratigraphy. The Type-O sampler was driven 

using a 63.5 kilogram (140 pound) hammer dropped 0.76 meters (30 inches) with a rope and cathead. Where 

samples could not be obtained with Type-O samplers, standard split-spoon or 64-mm OD thin-walled 

(Shelby) tube samplers were used. The soil was classified in the field according to the Unified Soil 

Classification System and selected samples were re-examined in the laboratory to confirm field 

classifications. Logs of exploratory borings and CPT holes are presented in Appendices A and S, 

respectively. 

Difficulties encountered during sampling included flowing sands at depths of approximately 8 meters (26 

feet), although interbedded sands and clays were encountered throughout the project area at all depths. These 

sands had a tendency to cause the sampler to stick inside the drill casing. To minimize this problem, Shelby 

tube samplers (which have a smaller diameter than the Type-O sampler) or standard split spoon samplers 

with plastic catchers were used (which yielded a disturbed sample). Flowing sands occur when there is a 

pressure differential between the water inside the drill casing and the ground water outside the casing. When 

this occurs, sands from outside the casing flow into the bottom of the augers, until the pressure is equalized. 

If a sampler is driven under these conditions, the recovered soil sample is generally disturbed, and is either 

from outside of the borehole or from a depth that may not correlate with the casing depth. Flowing sands 

can be countered by maintaining a positive head in the borehole casing using water or a waterlbentonite 

(mud) mixture, to stabilize the pressure <l:t the base of the casing. CPTs were also used to determine in-situ 

characteristics of site soils. There were no significant difficulties encountered during the cone pushing. 

HDR Engineering - Utah Department of Transportation 
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For detailed descriptions of soil boring, sampling, and logging procedures as well as CPT procedures, see 

the UDOT, 1-15 Corridor, Subsurface Exploration and Laboratory Testing Guidelines, sections 1.3 and 1.4 

(Dames & Moore, 1996a). These guidelines were generally followed for the field and laboratory work for 

the Legacy West Davis Highway. 

Borings and CPT designations were based upon the specifications provided by UDOT. Boring and CPT 

designations were assigned using the following format: WD-"hole number", with even number designations 

for borings and odd number designations for CPT soundings. 

In the field, standard penetration testing was completed at 1.5 to 3.0 meter (5 to 10 foot) intervals during 

drilling and soil sampling. 

CPT tests for the Legacy West Davis Highway roadway investigation were performed by ConeTec, Inc. Ten 

and fifteen-ton cones were used to determine the in-situ characteristics of the soils. As the cone is pushed, 

measured cone bearing (Qc), sleeve friction (Fs), and pore pressure (U) are measured and recorded. From 

this data, the soil profile log was developed and the properties delineated in Table 2.2 were determined. 

Table 2.2 CPT Data References 

Property Formula and/or (Reference) 

Friction ratio (Rf%) Rr=F /Qc * 100% 

Blow count (N60) (Robertson and Ghionna1987) 

Shear strength (Su) Su=(Qc-aJlNk 

Relative density (D,) (Robertson and Campanella 1983) 

Angle of internal friction (<f» (Robertson and Campanella 1983) 

Cone data is collected at a standard interval of 5 cm (2 in). The data is then averaged over a 0.25 meter 

increment. Stratigraphy is based on the relationship between cone bearing, sleeve friction and pore pressure. 

In soil layers thinner than one meter in thickness, the data average may be skewed due to an influence from 

the other layers. 

HDR Engineering - Utah Department of Transportation 
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3.0 LABORATORY TESTING 

A laboratory testing program was conducted on selected samples to provide data for our engineering 

analyses. The program included moisture and density tests, Atterberg limits tests, gradation analyses, 

unconfined compression tests, consolidation tests, direct shear strength tests, and chemical tests. Summaries 

of lab test data for each boring are provided in Appendix C. ASTMI AASHTO standards used for laboratory 

testing are shown in Table 3.1. 

Table 3.1 ASTMlAASHTO Procedure References for Laboratory Tests 

Test method Reference CD or G = ASTM, T = AASHTO) 

Unconfined Compression D 2166-911 T 208-92 

Direct Shear D 3080-901 T 236-92 

Consolidation Testing D 2435-90 D 4186-891 T 216-94 

Atterberg Limits D 4318-931 T 89-94, T 90-94 

Moisture and Density D 2216-921 T 265-93 

Mechanical Gradation Analyses D 422-631 T 88-93 

Sulfate Content EPA 375.4 

Resistivity G511 T28 

HDR Engineering - Utah Department of Transportation 
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4.0 FINDINGS 

4.1 SITE CONDITIONS 

The proposed alignment of the Legacy West Davis Highway consists predominantly of cultivated fields and 

open rangeland. Some areas of ponded surface water are present adjacent to the fields. The topography along 

the corridor is generally flat, with elevations at the borings ranging from 1,283 to 1,293 meters MSL (4,209 

to 4,242 feet). 

4.2 GEOLOGY 

The Legacy West Davis Highway is located along the central portion of the Wasatch Front Valley system, 

a deep, sediment-filled structural basin on the eastern edge of the Basin and Range physiographic province. 

The Basin and Range is characterized by north-south trending mountain ranges separated by linear basins 

or valleys. The valley is bound to the east by the Wasatch Range of the Middle Rocky Mountain 

physiographic province. In the southern portion of the corridor, the valley is bound to the west by the 

Oquirrh Mountains and the Great Salt Lake. In the northern portion Farmington Bay and Antelope Island 

form the western boundary. 

Quaternary lacustrine, fluvial, glacial, and eolian deposition, as well as tectonic activity have shaped the 

topography and surficial geology. Valley sediments range from 180 to 770 meters (590 to 2,526 feet) in 

thickness and are underlain by Tertiary bedrock (Mabey, 1992); sediment thicknesses along the project 

alignment are estimated to be towards the higher end of this range. 

4.2.1 Lake Bonneville History 

Lake Bonneville deposits comprise the majority of the upper 30 to 40 meters (100 to 130 feet) of sediments 

under the corridor and will likely pose the most significant geotechnical considerations for construction. 

Given the importance of understanding the Lake Bonneville cycle and related sediments, a brief discussion 

of Lake Bonneville history follows. 

During late-Quaternary time, nearly 100 basins in the western United States contained freshwater lakes 

(Benson et. al., 1990). The largest of these basins, the Bonneville Basin centered in northwestern Utah, was 

created by extensional tectonism about 15 million years ago (Gwynn, 1980; Miller, 1990). Lake Bonneville 

inundated a number of closed basins, including the Salt Lake Valley (Oviatt et. aI., 1992). 

HDR Engineering - Utah Department of Transportation 
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Approximately 30,000 years ago, Lake Bonneville began a slow transgression before reaching its highest 

level of 1,585 meters (5,200 feet) above mean sea level (Personius and Scott, 1992). The lake culminated 

at this elevation around 16,000 years before present, creating the geomorphic feature commonly referred to 

as the Bonneville Shoreline. The water level in Lake Bonneville catastrophically fell roughly 110 meters 

(360 feet) about 14,500 years ago as a result of downcutting and overtopping a natural dam at Red Rocks 

Pass in southeastern Idaho; thereby forming a lower shoreline referred to as the Provo Shoreline. Between 

13,000 and 14,000 years ago the lake fell again due to climatic factors, and finally by about 11,000 years ago, 

Lake Bonneville was at the current elevation of the Great Salt Lake (Oviatt et. aI., 1992; Personius and Scott, 

1992; Oviatt et. aI., 1990). 

During the deeper lake period, thick sequences of clays, silts, and laminated clays and silts were deposited 

in the valleys along the Wasatch Front. More granular sandy-silt and sand layers and lenses may represent 

deposition from the distal ends of Lake Bonneville deltas extending from the canyons along the range front, 

and from fluvial deposition following the Bonneville cycle. Loading from highway embankment fill can 

result in significant settlement of these fine-grained, deep-water deposits. 

4.2.2 Surficial Geology 

The surficial geology along the corridor is characterized by three major depositional environments: alluvium, 

lacustrine, and lateral spread landslide deposits (Figures 3 and 4). Map units referred to in the following 

section are based on the surficial geologic mapping of Person ius and Scott (1992) and Nelson and Person ius 

( 1993). 

4.2.2.1 Stream Alluvium (all). Two sections of the corridor cross alluvial stream deposits consisting of 

sand, silt, clay, and gravel that is poorly to moderately sorted, and contains parallel bedding and cross 

bedding. These deposits typically exhibit good geotechnical properties except for the potential for 

liquefaction. 

4.2.2.2 Lacustrine Deposits (Iy/laly and Ibpm). Lacustrine, marsh, and alluvial deposits have been mapped 

along the majority of the corridor. These lacustrine deposits are related to deposition in shallow lakes and 

marshes after the Lake Bonneville cycle. Underlying the few meters of Iy/laly and all are thick (at least 25 

meters [80 feet]) lacustrine sediments (Ibpm) associated with deep-water Lake Bonneville and (or) other 

quiet water deposits. The Ibpm Lake Bonneville deposits are characterized by thick sequences of clay and 

silt, and finely interbedded clays and silts (varves), with occasional interbeds and lenses of lacustrine sand 

ranging in thickness from a few millimeters to approximately 5 meters (16 feet). In general, the Bonneville 

clay and silt units present geotechnical problems as they tend to be highly compressible when loaded. Sandy 

layers, although less compressible, may be prone to liquefaction. 

HDR Engineering - Utah Department of Transportation 
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4.2.2.3 Lateral-Spread Deposits (cIsp). Near the center and at the northern end of the corridor older 

lacustrine deposits have been redeposited by lateral spreading as a result of liquefaction. Bedding in these 

deposits is commonly contorted, or often tilted within large landslide blocks. These deposits cover the Gilbert 

shoreline suggesting that the liquefaction event triggering these lateral spreads occurred less than about 

10,500 years ago (Nelson and Personius, 1993). 

4.2.3 Geologic Hazards 

Geologic hazards along the corridor consist primarily of hazards associated with earthquakes, including 

liquefaction-induced lateral spreading. 

4.2.3.1 Seismic Hazards 

The corridor is located near the center of the Intermountain Seismic Belt, a zone of concentrated earthquake 

activity (Lund, 1990). The corridor parallels the Wasatch Fault Zone and is situated approximately 1.2 

kilometers (0.75 miles) west of the Weber Segment in the north, about 3 kilometers (l.8 miles) west of the 

Warm Springs portion of the Salt Lake Segment near the center, and about 2 kilometers (1.3 miles) east of 

the Granger portion of the West Valley Fault Zone in the south. Geologic and geomorphic evidence suggest 

that normal faulting has occurred in northern Utah throughout late-Quaternary time and is predicted to 

continue in the future (Lund, 1990). Fault scarps along the Wasatch Front, which range in height from 

approximately 1 to 50 meters (3 to 160 feet), are relatively well dated and aid in the interpretation of past 

events and prediction of future events. Five potential hazards associated with earthquakes are addressed 

below: ground shaking, surface fault rupture, liquefaction, tectonic subsidence, and seiche. 

4.2.3.1.1 Earthquake Ground Shaking. Ground shaking refers to the ground surface acceleration caused 

by seismic waves generated during an earthquake. Strong ground motion is only likely to present a 

significant risk during moderate to large earthquakes located within a 100 kilometer (60 mile) radius of the 

project area (Boore et ai., 1993). A number of seismic sources have been identified within this distance, 

including active faults such as: the Collinston, Brigham City, Weber, Salt Lake and Provo segments of the 

Wasatch Fault; East Great Salt Lake Fault; Antelope Island Fault; Morgan Fault; North Oquirrh Fault; and 

Cache Fault; as well as a random or "floating" earthquake source. Random earthquakes may (or are 

hypothesized) to occur in areas that have no evidence of previous surface fault rupture. 

The severity of ground shaking at any site along the corridor will vary with the magnitude of the earthquake, 

the distance from the earthquake epicenter, and the ground response of the soil. Improperly designed 

structures and embankments can suffer structural distress or even fail during earthquakes delivering strong 

ground motions. Peak accelerations (expressed as a ratio of the acceleration due to one standard earth 

gravity) at the project area for 10%,5%, and 2% probabilities of exceedance in 50 years have been estimated 

at 0.20 to 0.25g, 0.30 to 0.40g, and 0.50 to 0.60g respectively, for NEHRP B-C boundary (firm rock) sites 
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(Frankel et aI., 1996). However, because the corridor is underlain by lake-bottom sediments such as silt and 

clay, ground shaking may be significantly amplified over that predicted for bedrock. Therefore, the corridor 

faces a significant risk from ground motions associated with earthquakes (Rogers et. al., 1984; Hays, 1987; 

Lund, 1990). 

4.2.3.1.2 Surface Fault Rupture. Surface fault rupture is the hazard related to differential movement of 

the ground surface along a fault during large earthquakes. Faults generating earthquakes with measured 

Richter magnitudes of less than 6V2 typically do not express rupture at the ground surface. Large earthquakes 

(Richter magnitudes 7 to 7Y2) have been associated with over 6 feet of vertical surface rupture along normal 

faults. The ground rupture may be expressed either as one large displacement or several smaller ruptures 

comprising a fault zone. Ground displacement from surface fault rupture can cause significant damage or 

even collapse to structures located across the rupture zone. Based on the field investigation and review of 

published references there is no evidence that the corridor crosses known active faults. Given the evidence 

from paIeoseismic studies, ground displacement associated with surface fault rupture will likely be restricted 

to areas adjacent to the active fault zones mapped (Black and Lund, 1995). 

4.2.3.1.3 Liquefaction. Earthquake-induced soil liquefaction can present a significant risk to highway 

structures and embankments. Ground shaking may cause saturated, sandy soils to "liquefy" due to increased 

pore pressure between soil grains. Earthquakes of Richter magnitude 5 are generally regarded as the lower 

threshold for liquefaction. Liquefaction can cause bearing failures of structural foundations and damage 

roadway embankments by triggering lateral spread landslides. Lateral spread-type failures can occur on 

nearly flat slopes. It is noted that lateral spread deposits from prehistoric lateral spread landslides have been 

mapped along the north section of the corridor. 

Liquefaction potential maps have been prepared for Salt Lake County (Anderson et. aI., 1994a) and Davis 

County (Anderson et. aI., 1994b). These maps provide a liquefaction potential rating for zones based on the 

probability an earthquake strong enough to cause liquefaction will occur within 100 years. The ratings and 

associated probabilities are: Very Low (less than 5%), Low (5 to 10%), Moderate (10 to 50%), and High 

(greater than 50% probability). Most of the corridor is within the High Liquefaction Potential zone. 

Site-specific liquefaction analysis should be performed during final design for structures following current 

UDOT guidelines (Dames & Moore, 1996). 

4.2.3.1.4 Tectonic Subsidence. Large-scale tectonic subsidence may accompany earthquakes in the Salt 

Lake Valley (Lund, 1990). Given the proximity of the corridor to the active Wasatch Fault, tectonic 

subsidence and subsequent lake-inundation could present a risk to the corridor following a major surface

rupturing earthquake along the Salt Lake or Weber segment of the Wasatch Fault. 
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4.2.3.1.5 Seismic Seiche. Earthquake-induced seiche presents a risk to structures within the wave

oscillation zone along the edges of large bodies of water, such as the Great Salt Lake. The central portion 

of the corridor lies along the east shore of Farmington Bay in the Great Salt Lake and may be subject to some 

risk from seiche. The seiche hazard and resulting risks associated with the Great Salt Lake have not been 

evaluated in detail. 

4.2.3.2 Slope Stability Hazards 

Slope stability hazards such as landslides, slumps, and other mass movements can develop along moderate 

to steep slopes where the slope has been disturbed, the head of the slope is loaded, or soil pore pressures are 

increased, resulting in driving forces within the slope exceeding the restraining forces. Moderate to steep 

slopes were not observed along the centerline of the study corridor. 

4.2.3.2.1 Landslide and Slope Failures. As discussed in the surficial geology section, the corridor crosses 

Farmington near an area that has been mapped as liquefaction-induced lateral-spread landslide deposits. 

Another large lateral-spread failure has been mapped less than a kilometer (0.6 mile) west of North Salt Lake. 

Based on geologic evidence and the liquefaction potential maps, there is a potential risk for the corridor to 

be influenced by earthquake-induced lateral-spread landslides. 

4.2.3.2.2 Debris Flow and Rock fall. Debris flow and rock fall hazards are associated with the steep range 

front and drainages along the Wasatch Front. Given that the corridor is generally located some distance away 

from the range front, the risk to the corridor from these hazards is likely to be quite low. 

4.3 SUBSURFACE CONDITIONS 

Subsurface conditions at the site were evaluated by 53 exploratory soil borings and 53 CPTs. A series of 

subsurface profiles were prepared to help characterize the stratigraphy along the Legacy West Davis 

Highway corridor. Figure 5 provides a guide to soil classification symbols used in Figures 6-A through 6-N 

which present the subsurface profiles. The stratigraphy presented on individual boring or CPT logs may be 

referenced for general profile conditions at specific structures. In general, the subsurface conditions along 

the proposed alignment consisted of clay sediments with interbedded silt layers and occasional layers, seams, 

and lenses of silt and sand. The clay layers varied in thickness from about 1 to 16 meters (3 to 52 feet) and 

generally contained numerous seams and partings of sand and silt. It is noted that the majority of the clay 

layers encountered are less than about 6 meters (20 feet) in thickness. The silts encountered below the 

alignment are generally interbedded with sand and/or clay, resulting in a classifications varying from medium 

plasticity non-plastic sandy silt. The silt layers ranged from relatively thin (less than 1 meter) to as much 

as 10 meters (33 feet) in thickness. The ·consistency of the clay and silt soils was generally found to range 

from very soft to medium stiff with occasional stiff zones in the upper 3 to 4 meters of the strata. The sand 
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layers encountered in the boreholes and CPT holes varied in thickness from 0.5 to 5 meters (1.6 to 16 feet); 

however, the thickness of the majority of the sand layers was found to be about 1 meter (3.3 feet) or less. 

Depth to groundwater was found to range from existing ground surface to a maximum of about 2.6 meters 

(8.5 feet) below existing grade. At several boring locations artesian groundwater flow was observed, as 

noted in the borings logs in Appendix A. 

4.4 HYDROGEOLOGIC CONDITIONS 

Groundwater along the corridor occurs in Quaternary basin fill and consists of two aquifers. One is a deep 

aquifer that is unconfined near the mountain front, and confined (and sometimes artesian) away from the 

mountains. About 12 to 30 meters of interfingered, clay, silt, and fine sand overly this aquifer, forming the 

confining layer (Waddell et. aI., 1987). The other aquifer is shallow, unconfined, and overlies the confining 

layer of the deeper aquifer. The surface elevation of the shallow aquifer varies somewhat based on seasonal 

and climatic fluctuations, but during exploration for this project it was generally encountered at depths on 

the order of 0 to 2.6 meters (8.5 feet), which corresponds to 1,282 to 1,292 meters (4,206 to 4,239 feet) above 

mean sea level. During exploration, initial artesian conditions were observed in some of the borings and are 

noted on the logs. 

Recharge areas for the groundwater aquifer are at the base of the Wasatch Range via bedrock faults and 

fractures. Secondary recharge is derived from direct precipitation and subsequent infiltration, and seepage 

from canals, lakes, and streams and irrigated fields (Waddell et. aI., 1987; Lund, 1990; Anderson et. aI., 

1994). 

The deep aquifer is considered the principal aquifer where most wells obtain water. The shallow unconfined 

aquifer is characterized by poor water quality and rarely used as a water supply (Waddell et. aI., 1987). 

4.5 POTENTIALLY HAZARDOUS MATERIALS 

No analysis for hazardous materials was performed on soil or groundwater samples. However, no evidence 

such as soil staining, odor, or sheen on groundwater was observed during the exploration program. 
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5.0 MATERIAL PROPERTIES 

Laboratory test results are presented in Appendix C. A summary table of testing results is provided for each 

exploratory soil boring. The following sections summarize values of soil parameters that may be used in 

future design analyses. 

5.1 IN-PLACE MOISTURE AND DENSITY 

Moisture and density tests were performed on selected soil samples to aid in determining weight and volume 

relationships of soils encountered. The results of these tests are presented on the boring logs. Average 

values of unit weight and moisture content for various soil types are presented in Table 5.1. 

Table 5.1 Average Unit Weights and Water Contents 

Unified Soil Wet Unit Weight Dry Unit Weight Moisture Content 

Classification (kN/m3) (kN/m3
) (%) 

CUML 18.8 14.2 33.8 

CHlMH 17.7 12.3 45.4 

SCISM 19.2 15.4 24.8 

SWISP 19.7 15.7 25.4 

5.2 A TTERBERG LIMITS 

Atterberg limits testing was performed on selected samples to aid in soil classification and to provide index 

parameters for correlation. Figure 7 presents the results of Atterberg limits testing at 1.5 meter (5 foot) depth 

intervals along with average values for all tests at all depths. Plasticity indices ranged from 2 to 102 with 

an average value of 19.1. Liquid limits ranged from 20 to 161 with an average value of 43.4. 

Figure 8 presents the liquidity index test data at 1.5 meter (5 foot) depth intervals, along with a line at a 

liquidity index of 1.0. The liquidity index is a relationship between the natural water content and the 

plasticity index that indicates soil sensitivity. When the liquidity index exceeds 1.0, the soil should be treated 

as sensitive. As can be seen in Figure 8, sensitive soils are common. Since no significant trends were 

observed, individual boring logs should be referenced in determining location of sensitive soils at specific 

areas. Atterberg limits testing shows that the clays at the proposed location of the Legacy West Davis 

Highway are moderately plastic and that sensitive clays occur frequently throughout the area. 
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5.3 UNCONFINED COMPRESSIVE STRENGTH AND DIRECT SHEAR STRENGTH 

Unconfined compressive strength tests were performed on selected samples of cohesive soils to evaluate the 

peak unconfined compressive strength. Figure 9 presents the results of unconfined compressive strength 

testing at 1.5 meter (5 foot) depth intervals along with average values. Average values of unconfined 

compressive strength are presented in the Table 5.2. 

Table 5.2 Average Values of Unconfined Compressive Strength 

Depth (m) 
Unconfined Compressive 

Stren2.th (kPa) 

0-2 25 

2 - 10 10 

>10 20 

Direct shear tests (consolidated undrained) were performed on selected samples of cohesionless soil to 

evaluate the effective angle of internal friction and cohesion of the sample. The results of these tests along 

with sample penetration resistance were used to evaluate the angle of internal friction (effective stress) for 

cohesionless soils. The recommended value, shown in Table 5.3, is based upon test results, known test 

constraints, and engineering experience in the area. 

Table 5.3 Effective Angle of Internal Friction 

Depth (m) Angle of Internal Friction 

(deg.) 

All depths 33 

5.4 COMPRESSIBILITY 

Consolidation tests were performed on relatively undisturbed samples to provide data necessary for 

settlement analyses. Samples were obtained from brass rings retrieved by the Dames & Moore Type-O 

sampler and trimmed samples from thin-walled tubes. Figure 10 presents the average results of consolidation 

testing at 1.5 meter (5 foot) depth intervals along with an average line for both values. Recommended values 

of consolidation parameters are presented in the Table 5.4. Figure 11 presents preconsolidation pressure with 

depth along with recommended values. 
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Table 5.4 Recommended Consolidation Parameters 

Depth (m) Virgin Compression Recompression Index Overconsolidation Ratio 

Index (Strain Basis) (Strain Basis) 

0-2 0.1 0.02 1.0 - 5.0 

>2 0.14 0.02 1.0 

Consolidation test curves are presented in Appendix F, Laboratory Test Data. Test values for the vertical 

coefficient of consolidation (cy ) were generally in the range of 0.001 to 0.025 cm2/sec. The mean value of 

Cy was computed as 0.0034 cm2/sec for all consolidation testing. We recommend using the mean plus one 

standard deviation, 0.008 cm2/sec, as a maximum value of Cy• Plots used to determine Cv are also included 

in Appendix F. 

A review of historical time-settlement data for soils in the vicinity of the Legacy West Davis Highway 

indicates that secondary compression typically accounts for 5 to 13 percent of total consolidation. Thus, 

depending on the embankment height, several centimeters of consolidation can result from secondary 

compression. In thick clay layers it is difficult to separate secondary compression from primary consolidation 

because that portion of the clay layer near the drainage surfaces may be fully consolidated and undergoing 

secondary compression while soils near the center of the clay layer are still experiencing primary 

consolidation. Correlations have been derived to estimate the coefficient of secondary compression based 

on soil properties. For normally consolidated clays the coefficient of secondary compression generally 

ranges from 0.005 to 0.02 (Ladd, 1967). For clays with natural moisture contents between 20 and 50 percent, 

such as those encountered along the 1-15 corridor, the coefficient of secondary compression is expected to 

vary from 0.003 to 0.006 (NA VFAC- DM7.1). 

5.5 CHEMICAL TESTS 

Resistivity and sulfate tests were performed on representative soil samples to evaluate whether site soils will 

react detrimentally with steel or concrete. Resistivity testing for the Legacy West Davis Highway was 

performed for a wide range of sample depths in order to characterize the soil corrosivity. Resistivity values 

ranged from 75 to 2,370 ohm-em, with an average value of 1,044 ohm-cm. 

Sulfate testing for the Legacy West Davis Highway was performed for a wide range of sample depths in 

order to characterize the relative degree of sulfate attack. Values of water-soluble sulfate (as S04) content 

ranged from less than 100 to 3,240 ppm, with an average value of 581 ppm. 
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6.0 ANALYSES AND RECOMMENDATIONS 

6.1 FOUNDATION SOILS 

6.1.1 Soil Zones 

The foundation materials on which proposed embankments and structures will be constructed are generally 

low strength clays or existing embankment fill (Holes WD-078 through WD-099) over clays. Section 4.3 

provides a general description of subsurface conditions. Soil parameters recommended for preliminary 

design can be found in Sections 5.0 through 5.5. 

Site soils can best be defined with two general subsurface profiles: thickly bedded clay and interbedded clay 

and sand. The corridor is generally underlain by interbedded clay and sand from hole number WDC-OO I 

through WDC-075 and WD-I02 through WD-I06. The corridor is generally underlain by thickly bedded 

clay from hole number WDC-075 through WD-l 02. 

6.1.2 Corrosion Protection 

Resistivity tests were performed on representative soil samples to evaluate whether site soils will react 

detrimentally with steel. Resistivity values ranged from 75 to 2,370 ohm-cm, with an average value of 1,044 

ohm-cm. These values range from corrosive to very corrosive, with the average value showing the soils to 

be very corrosive. Because the resistivity values are indicative of corrosive to very corrosive environments, 

corrosion mitigation measures such as cathodic protection, coatings, or increasing the thickness of below

grade metal to allow for wastage are recommended for any below-grade steel portions of proposed structures. 

As indicated in Section 7.5, values of water-soluble sulfate (as S04) content ranged from less than 100 to 

3,240 ppm, with an average value of 581 ppm. Based on this data, the relative degree of sulfate attack ranges 

from "Negligible" to "Severe," with average values showing "Positive." Due to the wide range of values and 

the variability along the alignment, it is recommended that sulfate content values be referenced from the 

nearest borings to each particular foundation. Table 6.1 may be referenced to determine relative degree of 

sulfate attack from sulfate content. 

HDR Engineering - Utah Department of Transportation 



Roadway Geotechnical Report for the Legacy West Davis Highway Page 17 

Table 6.1 Attack on Concrete by Soils (U.S. Dept. of Interior, 1966) 

Relative Degree of Sulfate Attack Soluble Sulfate (as S04) in p.p.m. 

Negligible o to 150 

Positive 150 to 1,000 

Considerable 1,000 to 2,000 

Severe Over 2,000 

For soils with a "Positive" relative degree of sulfate attack, use of a type II cement is recommended. For 

soils with a "Considerable" or "Severe" relative degree of sulfate attack, use of a type V cement is 

recommended. As a minimum, the use of type II cement is recommended. 

6.2 EMBANKMENTS 

6.2.1 Estimated Embankment Settlement 

New embankments are proposed which will require fill placement on the order of 1.5 meters (5 feet) in height 

predominantly on normally consolidated ("virgin") or near-normally consolidated soils. The large width of 

embankments along with the extent and highly compressible nature of site clays could create significant 

foundation challenges related to large settlement. Predicted ultimate settlements vary in magnitude from 0.08 

to 0.36 meters (0.3 to 1.2 feet) . Differential settlement and secondary consolidation may also be significant 

problems which should be addressed by the highway designer. 

Settlement calculations were completed for the location of each exploratory boring and CPT hole. Ultimate 

settlement of the soils under embankment loading was calculated using embankment geometry supplied by 

UDOT (see Appendix D) . Fill was assumed to have a unit weight of 19.6 kN/m3 (125.0 pcf). An Excel 

macro was developed to compute settlements for detailed subsurface profiles generated from boring and CPT 

logs. All substantial sand layers were modeled and clay layers were generally broken into thinner layers for 

a more accurate settlement estimate. Boussinesq influence factors were used to determine the change in 

effective stress at the center of each soil layer. Westergaard influence factors will generally yield lower 

vertical stresses at depth than Boussinesq influence factors in layered clay and sand profiles. Boussinesq 

influence factors will generally provide more conservative estimates of settlement and more realistic 

estimates for soil profiles composed of thick clay sequences. 

Settlement was calculated at the toe, crest, and middle of the typical embankment cross section. Generalized 

values for consolidation parameters · were used. These values are presented in Section 5.4 

COMPRESSffiILITY. All settlement calculations were completed for static loads based on embankment 
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height and weight. Settlement resulting from seismic activity and liquefaction are not included. Appendix 

D shows the calculations involved in settlement estimates. The computed maximum total settlement at the 

location of each exploratory hole are presented in Table 6.2, and are presented graphically along the corridor 

in Figures 6-A through 6-N. 

As requested by UDOT, soil borings and CPT holes were generally advanced to depths of 18.3 meters (60 

feet). I)ue to tbe large width of the embankment, the stress influence of the embankment on subsurface soil~ 

~ntinues well below the depth of exploration. Settlement estimates were prepared for the upper 18.3 meters 

(60 feet) as soil types below this depth were not investigated. Assuming an additional 12.2 meters (40 feet) 

of clay is present below the depths explored, an additional 0.08 to 0.13 meters (0.3 to 0.4 feet) of settlement 

can be estimated, bringing the projected amount of potential total settlement to 0.16 to 0.49 meters (0.6 to 

1.6 feet) . The settlement estimates presented in Table 6.2 include settlement occurring within the depths of 

the field exploration (18.3 m or 60 feet). 

Time-rate of settlement calculations were completed at the location of each settlement magnitude calculation. 

Maximum drainage path lengths were chosen from boring and CPT logs for each hole location and 

consolidation coefficients were selected from laboratory test results for each boring. Average values of the 

coefficient of consolidation were used for CPT holes. Time for both 90% and 95% of primary consolidation 

were calculated and are presented in Table 6.2. Based on data developed specific to this investigation, times 

for 90% of primary consolidation ranged from 0.1 to 24.8 years. Times for 95% of primary consolidation 

ranged from 0.1 to 33.0 years. 

Due to the sampling interval and averaging interval inherent in the CPT data, soil layers less than 5 

centimeters (2 inches) are not uniquely identified. Some thin soil layers were also averaged in with thicker 

layers and do not appear on the CPT logs. Because site soils are predominantly clayey, the thin layers that 

are not detected may be sandy. These undetected sand layers could decrease the amount of settlement and 

possibly increase the rate of settlement. For these reasons, estimated settlement magnitude and time-rate 

estimates may be conservative. Observational data on other projects throughout the Salt Lake Valley would 

suggest settlement of up to 0.2 m (0.7 feet) for the maximum fill height proposed and maximum settlement 

times on the order of 3 to 5 years. 
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Table 6.2 Maximum Total Settlement for Soil Borings and CPTs Locations 

Ultimate Primary Consolidation (meters) Time for 900/0 Time for 950/0 
Hole Number Consolidation Consolidation 

Middle Crest Toe (years) (years) 

WDC-OOI 0.20 0.16 0.07 1.5 2.0 

WD-002 0.23 0.18 0.07 7.6 10.1 

WDC-003 0.27 0.22 0.08 0.8 1.0 

WD-004 0.14 0.11 0.04 0.7 1.0 

WDC-005 0.16 0.13 0.05 0.2 0.3 
WD-006 0.17 0.14 0.05 0.5 0.7 

WDC-007 0.22 0.17 0.07 1.5 2.0 

WD-008 0.18 0.14 0.05 0.7 0.9 
WDC-009 0.15 0.12 0.05 1.5 2.0 

WO-OI0 0.21 0.16 0.06 0.3 0.4 
WDC-OII 0.19 0.15 0.06 0.6 0.7 

WD-012 0.28 0.23 0.09 6.3 8.4 
WDC-013 0.21 0.16 0.07 0.5 0.7 

WD-014 0.18 0.15 0.05 0.7 0.9 

WDC-015 0.18 0.15 0.06 1.2 1.6 
WD-016 0.24 0.20 0.07 0.1 0.1 

WOC-017 0.22 0.18 0.07 2.6 3.5 
WD-018 0.28 0.22 0.08 2.9 3.9 

WDC-019 0.30 0.24 0.09 1.2 1.6 
WD-020 0.20 0.16 0.06 1.5 2.0 

WDC-021 0.26 0.21 0.08 0.2 0.3 

WD-022 0.18 0.15 0.06 0.2 0.2 

WDC-023 0.17 0.13 0.05 1.5 2.0 

WO-024 0.18 0.15 0.05 5.5 7.4 

WDC-025 0.13 0.11 0.04 2.2 3.0 

WD-026 0.20 0.16 0.06 1.6 2.2 

WDC-027 0.21 0.17 0.06 2.0 2.6 

WD-028 0.23 0.18 0.07 6.5 8.7 

WDC-029 0.22 0.17 0.07 2.9 3.9 

WD-030 0.29 0.23 0.08 11.4 15.2 

WDC-031 0.25 0.20 0.07 2.6 3.5 

WD-032 0.23 0.18 0.07 11.8 15.8 

WDC-033 0.23 0.18 0.07 3.1 4.1 

WD-034 0.17 0.14 0.05 3.3 4.4 

WDC-035 0.21 0.16 0.06 0.4 0.5 

WD-036 0.22 0.17 0.06 4.9 6.6 

WDC-037 0.19 0.15 0.06 0.5 0.6 
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Table 6.2 Maximum Total Settlement for Soil Borings and CPTs Locations 

Ultimate Primary Consolidation (meters) Time for 90% Time for 95% 
Hole Number Consolidation Consolidation 

Middle Crest Toe (years) (years) 

WD-038 0.24 0.20 0.07 2.0 2.7 

WDC-039 0.21 0.16 0.06 2.8 3.8 

WD-040 0.19 0.15 0.06 7.6 to. I 
WDC-041 0.21 0.17 0.06 0.6 0.8 

WD-042 0.17 0.14 0.05 1.1 1.5 

WDC-043 0.20 0.16 0.06 2.1 2.8 

WD-044 0.16 0.13 0.05 0.1 0.1 

WDC-045 0.22 0.17 0.07 l.7 2.2 

WD-046 0.12 0.10 0.03 0.9 1.2 

WDC-047 0.19 0.15 0.06 1.3 1.8 

WD-048 0.20 0.16 0.06 2.8 3.8 

WDC-049 0.17 0.14 0.05 0.9 1.2 

WD-050 0.08 0.07 0.02 1.5 2.0 

WDC-051 0.17 0.14 0.05 1.0 1.3 

WD-052 0.22 0.19 0.06 0.7 1.0 

WDC-053 0.14 0.12 0.04 0.8 1.1 
WD-054 0.13 0.10 0.04 9.9 13.2 

WDC-055 0.21 0.17 0.07 0.7 1.0 

WD-056 0.21 0.17 0.07 2.8 3.7 

WDC-057 0.20 0.16 0.06 l.l 1.5 

WD-058 0.24 0.19 0.07 4.2 5.6 

WDC-059 0.24 0.19 0.07 1.2 1.6 

WD-060 0.25 0.20 0.07 5.5 7.4 

WDC-061 0.19 0.15 0.06 2.3 3.0 

WD-062 0.25 0.20 0.08 7.0 9.3 

WDC-063 0.23 0.18 0.07 1.7 2.3 

WD-064 0.23 0.18 0.07 6.5 8.7 

WDC-065 0.27 0.22 0.08 2.0 2.7 

WD-066 0.23 0.19 0.07 4.0 5.3 

WDC-067 0.21 0.16 0.06 2.6 3.4 

WD-068 0.28 0.22 0.08 14.5 19.3 

WDC-069 0.24 0.19 0.07 4.5 6.0 

WD-070 0.27 0.21 0.08 2.9 3.9 

WDC-071 0.24 0.19 0.07 1.0 1.4 

WD-072 0.33 0.27 0.09 6.1 8.1 

WDC-073 0.22 0.18 0.07 2.0 2.7 

WD-074 0.24 0.19 0.07 5.0 6.6 
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Table 6.2 Maximum Total Settlement for Soil Borings and CPTs Locations 

Ultimate Primary Consolidation (meters) Time for 90% Time for 95% 
Hole Number Consolidation Consolidation 

Middle Crest Toe (years) (years) 

WDC-075 0.25 0.20 0.07 6.5 S.7 

WD-076 0.33 0.27 0.10 6.1 S.1 

WDC-077 0.24 0.19 0.07 6.5 S.7 

WD-07S 0.29 0.23 0.09 6.5 S.7 
WDC-079 0.24 0.19 0.07 6.5 S.7 

WD-OSO 0.35 0.29 0.10 7.1 9.5 

WDC-OSI 0.25 0.20 0.07 6.5 8.7 

WD-OS2 0.31 0.25 0.09 2.6 3.5 

WDC-083 0.25 0.20 0.08 6.5 8.7 
WD-084 0.28 0.22 0.08 6.9 9.1 

WDC-OS5 0.24 0.19 0.07 6.5 8.7 
WD-086 0.26 0.20 0.08 24.8 33.0 

WDC-087 0.25 0.20 0.08 6.5 8.7 
WD-088 0.24 0.19 0.07 6.5 8.7 

WDC-089 0.25 0.20 0.08 6.5 8.7 
WD-090 0.24 0.19 0.07 6.5 8.7 

WDC-091 0.25 0.20 O.OS 6.5 S.7 

WD-092 0.28 0.23 0.08 8.1 10.8 

WDC-093 0.25 0.20 0.08 6.5 8.7 
WD-094 0.23 0.18 0.07 1.3 1.7 

WDC-095 0.25 0.20 0.07 6.5 8.7 

WD-096 0.24 0.19 0.07 6.5 8.7 

WDC-097 0.25 0.20 0.07 6.9 9.2 

WD-098 0.23 0.18 0.07 3.1 4.2 

WDC-099 0.24 0.19 0.07 6.4 8.6 

WD-I00 0.22 0.18 0.07 3.9 5.2 

WDC-I01 0.36 0.28 0.12 8.0 10.7 

WD-I02 0.27 0.22 0.08 6.5 8.7 

WDC-I03 0.23 0.18 0.07 3.5 4.7 

WD-104 0.18 0.14 0.05 8.9 11.8 

WDC-I05 0.24 0.19 0.07 0.7 1.0 
Wn-l0fi 019 01'; 00'; 1 1 41 
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6.2.2 Stability 

Slope stability analyses were performed to assess the overall stability of the typical embankment cross 

section. As currently planned, the typical embankment will be approximately 1.5 meters (S feet) in height 

with a slope angle of about 5.5H: 1 V (horizontal:vertical). For the purposes of this evaluation, the analyses 

included an approximate I.S-meter (S foot) high embankment, with a 1 H: 1 V slope to approximate temporary 

construction conditions. For comparative purposes, an embankment section about 3 meters (10 feet) in 

height was also included in the stability analyses. Factors of safety were computed for the typical 

embankment section using varying strength values for the soils supporting the embankment. The purpose 

of this presentation is to illustrate the stability limitations for embankment height versus foundation soil 

strength. A depth to groundwater of 0.6 meters (2 feet) below the toe of the embankment was used for all 

the stability analyses. 

Relatively nominal strength parameters were selected to represent the embankment materials, as follows: 

Effective Angle of Internal Friction (<1>') = 33 degrees 

Cohesion © = 4.8 kPa (100 psf) 

Total Unit Weight (yJ = 19.6 kN/m3 (12S pcf) 

Slope stability analyses were performed with PCSTBL6H, a two dimensional, limit equilibrium slope 

stability computer program. The stability analyses utilized a modified Bishop method to determine the factor 

of safety against failure for potentially circular failure surfaces. A search routine was used that equally 

spaced twenty initiation points along a specified interval. From each of the initiation points twenty potential 

failure surfaces were evaluated, and the failure surfaces with the minimum factors of safety were identified. 

It is noted that the analyses do not include the evaluation of embankments under earthquake loading. 

Earthquake loads would decrease the computed factor of safety. 

Stability analyses plots are included in Appendix E. The following are indicated on the plots: 

1. soil properties used in the analysis 

2. the profile modeled 

3. delineation of soil units 

4. the location of the water table 

S. the configuration and location of the failure surfaces with the minimum safety factors. 

6. computation of the minimum safety factors 

7. search limits 
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Table 6.3 provides estimated ranges of stability for anticipated configurations. The overall stability of each 

section is identified as inadequate, poor, marginal, or adequate and correspond to the following computed 

factors of safety (FS) as follows: 

inadequate = FS less than 0.8 

poor = FS greater than 0.8 and less than 1.2 

marginal = FS greater than 1.2 and less than 1.5 

adequate = FS greater than 1.5 
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Table 6.3 Estimated Safety Factors for Typical Roadway Embankment Section 

Foundation Soil Strength Parameters 

Stability 

Embankment Height Effective Angle of Index 
Cohesion © Internal Friction 

( 4>') 

1.5 meters (5 feet) 4.8 kPa (100 psf) --- poor 

7.2 kPa (150 psf) --- marginal 

9.6 kPa (200 psf) --- adequate 

and greater 

--- 20 degrees marginal 

--- 22 degrees marginal to adequate 

--- 24 degrees adequate 

and greater 

3.0 meters (10 feet) 4.8 kPa (100 psf) --- inadequate 

7.2 kPa (150 psf) --- inadequate 

9.6 kPa (200 psf) --- poor 

12.0 kPa (250 psf) --- poor 

14.4 kPa (300 psf) --- marginal 

16.8 kPa (350 psf) --- adequate 

and greater 

--- 20 degrees poor 

--- 22 degrees marginal 

--- 24 degrees marginal 

--- 26 degrees marginal 

--- 28 degrees marginal to adequate 

--- 32 degrees adequate 

and greater 
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6.3 POTENTIAL GROUND IMPROVEMENT TECHNIQUES 

Ground improvement techniques have been successfully used to modify soil conditions for reducing 

settlements, decreasing settlement times, and increasing bearing capacity. Examples of techniques to modify 

soil properties are; preloading and surcharging, drainage, soil reinforcement, dynamic compaction, and 

alternate fill materials. A brief description of each of these methods is provided in the following sections. 

6.3.1 Preloading and Surcharging 

Preloading is a common method of addressing settlement concerns. A preload embankment typically consists 

of compacted or stockpiled fiII placed on a compressible soil deposit to induce some or all of the expected 

settlement before adding settlement sensitive structures or pavement. The simplest preload consists of 

placing the embankment fill as designed and waiting for settlement to occur before final grading and 

construction. Preloading is typically used when there is time for settlement to occur or when expected 

settlements are relatively minor. 

Surcharging can be used to reduce the time duration of a preload program. A surcharge embankment uses 

extra fill material to increase the applied load resulting in a greater settlement at a more rapid rate. The 

consolidation rate increases because the ultimate settlement duration is generally not affected by the 

settlement magnitude. The surcharge can be removed when the measured settlement is equal to the 

settlement expected under the design loads. Surcharging is typically used when the construction schedule 

requires a shorter preload duration. Actual settlements are monitored during the surcharge period to identify 

when the surcharge can be removed and construction can continue. 

6.3.2 Drainage 

Improving subsurface drainage conditions can also increase the rate of settlement. The installation of drains 

reduces the length of the drainage path which increases the rate of consolidation and settlement. The 

maximum drainage path is measured from a permeable boundary (the ground surface or a free-draining soil 

deposit) to the farthest point in the consolidating deposit. The rate of consolidation is inversely proportional 

to the square of the length of the drainage path. Therefore, decreasing the length of the drainage path by half 

will increase the consolidation rate by a factor of four. 

The installation of vertical drains at selected intervals can reduce the length of the drainage path and allow 

water to flow faster than through the less permeable surrounding soils. Common types of vertical drains are 

sand columns and wicks which consist of a geotextile and plastic or paper membrane. Depending on the 

groundwater conditions, a sand blanket can be placed at the ground surface before placing the fill to improve 

drainage laterally to the fill edge. 
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Vertical drains are typically used in thick, low-permeability clay deposits to increase the rate of consolidation 

and are commonly used with surcharge embankments to reduce the duration of the surcharge program. The 

use of drains do not affect the magnitude of settlement and do not increase the stability of the soil, except 

by increasing the rate of strength gain due to consolidation. 

6.3.3 Lightweight Fill Material 

The magnitude of settlement caused by an embankment is proportional to the stress increase induced by that 

embankment. The use of a lighter fill material for the embankment will decrease the applied load, resulting 

in less total settlement. Light weight fill can consist of any durable, relatively incompressible, high-strength 

material. Wood chips and rigid-cell foam blocks have been used successfully as light weight fill materials. 

Also, certain soils when compacted are lighter than others. For example, compacted clean sand has a moist 

unit weight of 18.1 to 18.9 kN/m3 (115 to 120 pcf), whereas compacted crushed rock can have a unit weight 

as high as 24.4 kN/m3 (155 pcf), a difference of up to 30 percent. 

Lightweight fill materials reduce settlement magnitudes and increase stability by imposing lower 

embankment forces. Lightweight fill does not affect settlement rates, but the preload duration can typically 

be reduced due to the lower settlement magnitude. 

6.3.4 Soil ReinforcementlReplacement Methods 

The settlement potential of a soil deposit can be reduced by constructing stiff vertical elements to transfer 

surface loads down to less compressible materials. Examples include soil-cement columns and gravel 

columns. The resulting improved ground has a higher shear strength than the original soil, which increases 

the stability of the deposit. There are several methods of ground improvement and specialty contractors offer 

design-build services using proprietary techniques. 

Soil-cement columns are constructed by mixing cement into the soil with an auger or high-pressure jet. 

Gravel columns are placed by drilling holes or driving tubes and compacting the gravel in lifts. The column 

spacing or replacement ratio is designed considering the untreated soil compressibility, the allowable 

settlement, and the stiffness of the replacemenUreinforcement material. 

Stone columns are typically not as stiff as mixed cement columns, and are therefore not as efficient at 

reducing total settlement magnitude. However, stone columns can be designed to act as vertical drains and 

thereby increase the rate at which settlement occurs. 
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7.0 CLOSURE 

This report has provided preliminary geotechnical data for use in design and construction of the Legacy West 

Davis Highway. This report focuses on presentation of data developed from soil borings, CPT holes, and 

laboratory test data. Settlement and stability analyses have been performed for each soil boring and CPT 

hole. Additional subsurface investigations and laboratory testing may be required to support final design. 

Detailed analyses for specific embankment and structural sections will be required and are not included as 

part of this report. 
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8.0 LIMITATIONS 

This report has been prepared for the exclusive use of HDR Engineering and the Utah Department of 

Transportation for specific application to the Legacy West Davis Highway Project in accordance with 

generally accepted geotechnical engineering practice cornmon to the local area. No other warranty, express 

or implied, is made. 

The analyses and recommendations contained in this report are based on the data obtained from the 

referenced subsurface explorations in conjunction with design information available prior to the date of this 

report. The borings and CPT holes indicate subsurface conditions only at the specific locations and times, 

and only to the depths penetrated. They do not necessarily reflect strata variations that may exist between 

such locations. The validity of recommendations are based in part on assumptions about the stratigraphy 

made by the geotechnical engineer. Such assumptions may be confirmed only during earthwork and 

foundation construction. If subsurface conditions different from those described are noted during 

construction, recommendations in this report must be re-evaluated. It is advised that an experienced 

geotechnical engineer be retained to observe earthwork construction and foundation installation in order to 

confirm that our assumptions and preliminary recommendations are valid or to modify them accordingly. 

In the event that any changes in the nature, design, or location of the facilities are planned, the conclusions 

and recommendations contained in this report should be reviewed with respect to the changes. Dames & 

Moore is not responsible for any claims, damages, or liability associated with interpretation of subsurface 

data or engineering analyses. 
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Lacustrine Deposits 

! ~:ln~1QI Lacustrine. marsh and alluvial depos~s (Holocene to uppermost 
'J .. Pleistocene) - Sill .clay.peat. and very minor pebble gravel 

Lacustrine &and and gravel (uppermost Pleislocene) -
Clast supported pebble and cobble gravel and 
lesser amounts of matrix-supported gravelly Gand 

Lacustrine clay and sil (uppermost PIei&locene) -
Clay. sill and minor sand 

Lacustrine sands (uppermost Pleislocene) - Predominantly 
clean. coan;e- Io fine-1Jrained sand. with lesser amounts of 
matrbc-supported gravelly sand. silly sand. and sandy sill 

LaclJ1itrine Gand and gravel (upper Plei61ocene) -
Clast-supported pebble. cobble and rarely boulder gravel. 
in a matrix of sand and pebbly sand 

Lacustrine clay and sill (upper Pleistocene) -
Clay. silt and minor sand; 
locally contains medium 10 coarse sand and pebble gravel 

L.aclJ1itrine &and and gravel. undivided (upper Pleislocene) -
Sand and clast-supported pebble gravel 
in a matrix of sand and sil 

Lacustrine sand. undivided (upper Plei&tocene) -
Sand. minor sill. and pebble gravel 

Lacustrine clay and sill. undivided (upper Pleislocene) -
Clay. silt. and minor fine sand and pebble gravel 

Colluvial Deposits 

I cd1 I 
Debris-flaw deposits 1 (upper Holocene) - Clast and matrix
supported cobble and boulder gravel. with a matrix of sil . sand 
and minor clay; usually unsorted and unstratified except for 
interbedded fluvial sand and gravel layers 

Debris-flaw deposits 2 (middle Holocene 10 uppermost Pleislocene) -
Clast and matrbc-supported cobble and boulder gravel. with a matrbc 
of sill. sand. and minor clay; usually unsorted and unstratified 

Hilisiope colluvium (Holocene to Upper Pleislocene) -
Pebble. cobble. boulder gravel. gravelly sand. silty sand and 
sandy sill; usually unsorted and unstratified 

Lateral spread deposits (Holocene to upper Pleislocene) -
PebblB-1Jravel. sand silt and minor clay 

t..andsHde deposits (Holoc;ene to middle PIei&locene) - unsorted. 
unstratified deposits ranging in size frOm small slump-ilarthflows of 
clay and sill 10 massive slides of boulder-rich. open-works gravels 
and bedrock blocks 

Artificial Deposits 

Manmade fill (hisloric) 

Alluvial Deposits 

~ Stream Alluvium 1 (upper Holocene) -
~ Sand. sill and minor clay and gravel 

~ 
~ 

Stream Alluvium 2 (middle Holocene 10 uppermost 
Pleistocene) - Sand. silt. clay and local gravel 

Younger stream alluvium. undivided (Holocene 10 upper
most Pleistocene) - Sand. sil. minor clay and gravel 

Stream aHuvium (uppermost Pleislocene) -
Clast-supported pebble and cobble gravel. locally 
bouldery. in a matrix of sand and sill 

Fan aHuvium 1 (upper Holocene) - Clast-supported 
pebble and cobble gravel. locally bouldery. 
in a matrix of sand and sily sand 

Fan aHuvium 2 (middle Holocene 10 uppermost 
Pleislocene) - Clast supported pebble and cobble gravel. 
locally bouldery. in a matrbc of sand and silty sand 

Younger fan alluvium. undivided (Holocene to 
uppermost Plei&tocene) 

Fan aNuvium (uppermost Plei61ocene) -
Clast -fiUpported pebble and cobble gravel. 
ocally bouldery • and gravelly sand 

Fan aHuvium (uppermost Pleistocene) -
Clast -supported pebble and cobble gravel. 
locally bouldery • and gravelly sand 

Older fan alluvium. undivided (upper and middle 
Pleistocene) - Undiffemntiated fan aluvium 

Bedrock 

Tertiary volcanic and sedimentary rocks -
undivided volcanic and sedimentary rocks 

Tertiary sedimentary and volcanic rocks -
undivided sedimentary. volcanic and volcaniclastic rocks 

Paleozoic &edimentary rocks - shale. sillslone. 
sandslone. conglomerate. limeslone and dolomite 

Sedimentary rocks (Devonian to Cambrian) 
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Soil Classification 

CPT Soil Classification Chart 
(after Robertson and Campanella , 1988) 

1000,-____ ~~----------~--------------_, 

100 

~ 

iii e 
.§ 
~ 10 
ro 
CD 
c 
o 
o 

2 3 4 5 6 7 
Friction Ratio (%), Rf 

Zone Qt/N Soil Behavior Type 
1 - 2 sensitive fine grained 

2 - 1 organic material 

3 D 1 clay 

4 II 1.5 silty clay to clay 

5 II 2 clayey silt to silty clay 

6 II 2.5 sandy silt to clayey silt 

7 D 3 silty sand to sandy silt 

8 D 4 sand to silty sand 

9 D 5 sand 

10 D 6 gravelly sand to sand 

11 D 1 very stiff fine grained * 

12 D 2 sand to clayey sand * 

* overconsolidated or cemented 

Explanation of Other Symbols 

WD-006 .. Boring Identification 

Blow Counts (n) .. 3§'::'- SM .. USCS Classification 
. "'Sl .. Groundwater Elevation 

5 A - 6 .. AASHTO Designation 

B 

Boring Soil Classification Guide 

GW ~e] Gravel, well-graded 

GP tbJ Gravel, poorly-graded 

GM ~ Gravel, silty-sandy 

GC ~ Gravel, clayey 

SW D Sand, well-graded 
o . _ 

SP D Sand, poorly-graded 

SM ~ Sand, silty 
.. 

SC E3 Sand, clayey 
. . 

ML ~ Silt, inorganic 

CL B Clay, inorganic 

OL ~ Silt, organic 

MH ~ Silt, with low plasticity clay 

CH Clay, highly plastic 

OH --~ Clay, organic 

Pt Peat 
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Legacy West Davis Highway 
Salt Lake and Davis Counties, Utah 

Atterberg Limits with Depth 
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Liquidity Index with Depth 
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Unconfined Compressive Strength with Depth 
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Consolidation Parameters with Depth 
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Preconsolidation Pressure with Depth 
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