
1 5 820 NOR'IH 
P VO.!'f 84601-1343 
1101 :374·5771 Provo 
801 521-5"';1 SLC 

. • 04 

---------------, 

.·1 I~ 

, 
• 

LEGACY 

PARKWAY 
STRUCTURE F-747 

LP1 OVER JORDAN RIVER 

STRUCTURE E-2569 
LP1 OVER MULTI-USE TRAIL 

Salt Lake & Davis Counties, Utah 

Utah Department of Transportation 
SP-0067(5)O 

September 2006 

Geotechnical 
Investigation Report 

for Structures 



7J.c'i Park 
e..~ 511UJCTIJRf. p-, .. , lv~ 

V U'I 0... Jonlan RNw V ~ 
5TRUCTIJRE E-2569 ...s---

Utah Department 
of Transportaton 

SP-0067(5)O 

LPI DYer MulH-Use TraU 



September 13, 2006 

Mr. Sohail Khan 
Carter & Burgess 
420 East South Temple Suite 342 
Salt Lake City, Utah 84111-1321 

Reference: Legacy Parkway Project No. SP-0067(5)0 

Gentlemen: 

RB&G 
ENGINEERING 

INC. 

A Geotechnical Investigation Report for Structures has been completed for Structure F -7 4 7, LP 1 
over Jordan River, and Structure E-2569, LPI over Multi-Use Trail in Salt Lake and Davis Counties, 
Utah. The investigation has been conducted in accordance with a proposal submitted to your 
organization for the work, and the results of the study are summarized in the report transmitted 
herewith. 

We appreciate the opportunity of providing this service for you. If there are any questions relating to 
the information contained herein, please call. 

Sincerely, 

bep/jag 

1435 WEST 820 NORTH 
PROVO, UT 84601-1343 

PROVO ROl-374-5771 
SALT LAKE CilY ROl-521-5771 



Geotechnical Investigation Report for Structures 

Legacy Parkway 

Structure F-747 
LP1 over Jordan River 

Structure E-2569 
LP1 over Multi-Use Trail 

Salt Lake & Davis Counties, Utah 

Utah Department of Transportation 
SP-0067(5)O 

Septem ber 2006 

•

o :+s 

~~""h1 -RB&G ENGINEERING, INC. 

Professional Engineers 



LEGACY PARKWAY 

UTAH DEPARTMENT OF TRANSPORTATION 
SP-0067(5)O 

GEOTECHNICAL INVESTIGATION REPORT FOR STRUCTURES 

Structure F-74 7 - LP1 over Jordan River 
Structure E-2569 - LP1 over Multi-Use Trail 

TABLE OF CONTENTS 

1.0 GENERAL .................................................................................................................................................... 1 

1.1 PROJECT DESCRiPTION ..................................................................................................................... 1 
1.1.1 General ................................................................................................................................................ 1 
1. 1.2 Proposed Improvements ................................................................................................................... 2 
1. 1.3 Climatic Conditions ............................................................................................................................ 2 

2.0 PREVIOUS REPORTS AND INVESTIGATIONS ................................................................................... 3 

2.1 PB/FAK GEOTECHNICAL INVESTIGATION REPORT .................................................................... 3 
2.2 KLEINFELDER GEOTECHNICAL INVESTIGATION ........................................................................ 3 
2.3 DAMES & MOORE PRELIMINARY GEOTECHNICAL STUDy ....................................................... 3 

3.0 EXISTING FACiLITIES ............................................................................................................................... 4 

4.0 FINDINGS ..................................................................................................................................................... 5 

4.1 EXISTING SITE CONDITIONS ............................................................................................................. 5 
4.2 SURFACE DRAINAGE ........................................................................................................................... 5 
4.3 GEOLOGY ............................................................................................................................................... 5 
4.4 GEOLOGIC HAZARDS .......................................................................................................................... 7 
4.5 SOIL MATERIALS ................................................................................................................................... 8 
4.6 HYDROGEOLOGIC CONDITIONS ...................................................................................................... 8 
4.7 POTENTIALLY HAZARDOUS MATERIALS ....................................................................................... 9 

5.0 EARTHQUAKE CONSiDERATIONS ..................................................................................................... 10 

5.1 DESIGN CRITERIA .............................................................................................................................. 10 
5.2 LIQUEFACTION AND LATERAL SPREAD ....................................................................................... 11 

6.0 FIELD AND LABORATORY TEST DATA ............................................................................................ 1 2 

6.1 SUBSURFACE EXPLORATION ......................................................................................................... 12 
6.2 LABORATORY TESTING .................................................................................................................... 13 

7.0 STRUCTURES ........................................................................................................................................... 15 

7.1 DESCRIPTION ...................................................................................................................................... 15 
7.1.1 General .............................................................................................................................................. 15 
7.1.2 Subsurface Conditions .................................................................................................................... 15 
7.1.3 Groundwater Conditions .................................................................................................................. 16 

7.2 RECOMMENDATIONS ........................................................................................................................ 16 
7.2.1 Bridge Structures .............................................................................................................................. 16 

7.2.1.1 Driven Piles .............................................................................................................................................. 17 
7.2.1.2 Foundation Settlement ........................................................................................................................... 19 
7.2.1.3 Uplift .......................................................................................................................................................... 20 
7.2.1.4 Lateral Loading ........................................................................................................................................ 21 
7.2.1.5 Load Tests ............................................................................................................................................... 21 
7.2.1.6 Construction Considerations ................................................................................................................. 21 



7.2.2 Embankments ................................................................................................................................... 22 
7.2.3 Retaining Walls ................................................................................................................................. 22 
7.2.4 Tunnels / Culverts ............................................................................................................................ 22 
7.2.5 Lateral Earth Pressures ................................................................................................................... 24 

8.0 CORROSION INVESTIGATIONS ........................................................................................................... 26 

9.0 LIMITATIONS ............................................................................................................................................. 26 

10.0 REFERENCES ........................................................................................................................................... 27 

FIGURES 
VICINITY MAP .................................................................................................................................... Figure 1 
GEOLOGIC MAP A ........................................................................................................................... Figure 2a 
GEOLOGIC MAP B ........................................................................................................................... Figure 2b 
GEOLOGIC MAP C ........................................................................................................................... Figure 2c 
SITE PLAN & APPROXIMATE TEST HOLE LOCATIONS ................................................................. Figure 3 

APPENDIX A ........................................................................................................... Structure Design Drawings 
APPENDIX B ............................................................................................................................... Test Hole Logs 
APPENDIX C ......................................................................................................................... Laboratory Testing 
APPENDIX D ................................................................................................. Supplemental Geotechnical Data 



LEGACY PARKWAY 

UTAH DEPARTMENT OF TRANSPORTATION 
SP-0067(5)O 

GEOTECHNICAL INVESTIGATION REPORT FOR STRUCTURES 

Structure F-747 - LP1 over Jordan River 
Structure E-2569 - LP1 over Multi-Use Trail 

1.0 GENERAL 

This report presents the results of geotechnical investigations and provides foundation 

recommendations for the following proposed structures to be located within the Legacy Parkway 

Project: 

• F-747 - LPI over Jordan River 

• E-2569 - LPI over Multi-Use Trail 

The primary purpose of this investigation is to determine the characteristics of the subsurface 

material throughout the project area, and to make appropriate foundation design 

recommendations for the proposed structure. The report is intended to aid designers in evaluating 

the site and subsurface conditions for foundation design and potential construction problems. 

1.1 PROJECT DESCRIPTION 

The Legacy Parkway will be a four-lane, limited-access, divided highway extending 

approximately 14 miles from Interstate 215 at 2100 North in North Salt Lake, northward 

to the junction of Interstate 15 and U.S. Highway 89 near Farmington (see Figure 1). A 

multiple-use pedestrian, bicycle, and horse trail will parallel the Parkway. 

1 .1.1 General 

The site of Structure F-747 is located in Segment 1 of the current Legacy Parkway 

design project. Segment 1 extends from the southerly limit of the project to north 

of 500 South Street in Bountiful. The site is located at the intersection of 1-215 

and the Jordan River. At this location, the Jordan River constitutes the boundary 

between Davis County to the north, and Salt Lake County to the South. Twin 
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bridge structures presently exist adjacent to the LPI over Jordan River site. The 

existing structures carry the 1-215 freeway over the Jordan River. 

Structure E-2569 will be a culvert/tunnel type structure where the multi-use trail 

passes beneath the LPI roadway, approximately 300 feet northeast of structure F-

747. 

1.1.2 Proposed Improvements 

The new structures will be located on the southeast side ofI-215. Structure F-747 

will be the new 1-215 eastbound bridge, while new bridges at the locations of the 

existing structures will be used to access Legacy Parkway. A fourth bridge will be 

constructed on the northwest side of the existing bridges to carry 1-215 westbound 

traffic. Preliminary drawings of the proposed structure are included for reference 

in Appendix A. 

1.1.3 Climatic Conditions 

The climate in the project area is characterized by relatively warm summers and 

cold winters. The frost depth ranges between 20 to 30 inches. Winter snow often 

requires plowing, and de-icing salt is regularly deposited on major roadways 

during the winter months. 
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2.0 PREVIOUS REPORTS AND INVESTIGATIONS 

The following geotechnical reports and investigations have been completed previously by others 

for this project. 

2.1 PB/FAK GEOTECHNICAL INVESTIGATION REPORT 

UDOT provided copies of the Geotechnical Reports prepared by Parsons Brinckerhoff 

Quade & Douglas (PB) for Fluor Ames Kraemer (F AK), LLC as a part of the Design­

Build Legacy Parkway Project. The report includes the results of subsurface 

investigations performed by Kleinfelder, Inc. and provides geotechnical 

recommendations for the structures contemplated in the original project. It should be 

noted that the project was divided into five segments for the Design-Build Project. 

Segment 1 of the Design Build project was to begin at the southerly limits of the project 

and continue north past Center Street in North Salt Lake. Included in the Design-Build 

report are logs for several test holes performed at the formerly-proposed "LP NB to 1-15 

(1-215)" structure, which was identified as F-702 in the Design-Build study. 

2.2 KLEINFELDER GEOTECHNICAL INVESTIGATION 

It is our understanding the Kleinfelder, Inc. conducted an investigation of the preferred 

Legacy Parkway alignment for UDOT and the results were submitted in a report dated 

June 2, 2000. Some of its findings were reproduced in the PB/F AK Design Build reports 

referenced in Section 2.1 above. 

2.3 DAMES & MOORE PRELIMINARY GEOTECHNICAL STUDY 

It is our understanding that Dames & Moore completed a geotechnical study for the 

proposed preliminary Legacy Parkway corridor and presented the results in a 1998 report. 
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3.0 EXISTING FACILITIES 

The proposed LPI roadway will travel at an approximate bearing ofN 39° E at the crossing over 

the Jordan River. The existing 1-215 bridges are located immediately northwest ofthe F-747 site. 

1-215 is situated on embankment fill up to about 15 feet high at the abutments of the Jordan 

River bridges. 

A review of recent aerial photos did not identify any significant buildings within 1,500 feet of 

the proposed bridge location. Various utility lines exist throughout the project area, including 

overhead power lines and buried utilities such as gas, oil, power, sewer, and communications 

lines. UDOT utility lines may also exist in the 1-215 corridor in this area. 
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4.0 FINDINGS 

4.1 EXISTING SITE CONDITIONS 

The topography is relatively flat throughout Segment 1 and generally slopes down to the 

west towards the Great Salt Lake. The proposed Legacy Parkway corridor begins just 

west of the existing 1-215 / Redwood Road interchange on the south and continues 

northward. The southerly portion of the corridor travels along the westerly limits of North 

Salt Lake, Woods Cross, West Bountiful, and Centerville, about 0.5 to 2 miles west ofI-

15. North of Parrish Lane in Centerville, the Parkway corridor will be located less than 

about 0.25 miles west of 1-15, with the two corridors essentially parallel continuing north 

to the 1-15 / US-89 interchange in Farmington. The south and north interchanges are 

already partially constructed. Some industrial and commercial facilities are located along 

the alignment. 

In the vicinity of the LPI structures, the ground surface slopes toward the Jordan River. 

Vegetation at the site consists of wild grass, weeds, brush, and a few small trees, with 

thicker vegetation along the river banks. 

4.2 SURFACE DRAINAGE 

Surface drainage in the project area generally follows the topography to the west and 
northwest towards the Great Salt Lake. In addition to the Jordan River and Oil Drain at 
the south interchange, some creeks, streams, and canals cross the alignment at various 

locations, creating the potential for flooding. Flooding and ponding on the soft surface 

soils can make access to bridge sites difficult. At the F-747 site, surface drainage is 

toward the Jordan River. 

4.3 GEOLOGY 

The project is located within the Wasatch Front section of the Basin and Range 

physiographic region. The Wasatch Front consists of a series of down dropped valleys 

bounded primarily by the Wasatch Mountains on the east and the Great Salt Lake, Utah 

Lake and the Oquirrh Mountains on the west. The area extends from Juab County in the 

south up through Salt Lake, Davis, Weber and Box Elder counties to the north. 

The general topography of the Wasatch Front is due, in large part, to Basin and Range 
extensional faulting. The Wasatch Fault is an extensional normal fault which trends 
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northerly along the base of the Wasatch Mountains from Levan in the south, and up into 

Idaho to the north. Prior to extensional faulting, the region was subjected to 

compressional forces from the west resulting in extensive thrust faulting and mountain 

building. Extensional forces are still active today with various segments of the Wasatch 

Fault capable of generating large earthquakes with magnitudes near 7.4. 

The Wasatch Mountains to the east consist predominately of Precambrian to Mesozoic, 

metamorphic and sedimentary bedrock. The valleys along the Wasatch Front are 

predominately covered with Pleistocene Lake Bonneville deposits, and younger alluvial 

fan and stream deposits. The Bonneville Lake Cycle began about 30,000 years ago when 

the climate was much cooler and wetter. The lake reached its highest elevation of about 

5,100 feet, known as the Bonneville shoreline, between 16,000 to 14,500 years ago. From 

this shoreline, the lake eventually overtopped and breached through unconsolidated 

sediments near Red Rock Pass sending a catastrophic flood into the Snake River drainage 

system in southeastern Idaho, about 14,500 years before present. Within about a year, the 

lake had dropped to an elevation of about 4,740 feet, forming the Provo shoreline. Due to 

changing climatic conditions, the lake level gradually dropped to the historic levels of its 

modem day remnant, the Great Salt Lake. The last major high water shoreline of the lake 

was the Gilbert shoreline which reached an elevation of about 4,250 feet between 11,000 

to 10,000 years ago. Historically, the Great Salt Lake has fluctuated between 4,211.9 and 

about 4,191 feet above sea level. 

During Bonneville times thousands of feet of sediment were deposited in the valley. 

Deposits consist of deep-water silts and clays, shoreline sand and gravels and gravelly 

barrier beach and deltaic deposits. The unconsolidated to semi-consolidated valley fill 

deposits are thought to range from 2,000 to 5,000 feet thick (Black, and others, 2003; 

Currey, and others, 1984; Hintze, 1988; Stokes, 1986). 

A geologic map of the Central Wasatch Front by Davis (1983) shows the surficial 

deposits in the proposed Parkway alignment to consist of floodplain and delta deposits 

(chiefly fine-grained and poorly drained sediments) in the vicinity of the south 

interchange, Provo Formation and younger lake bottom sediments (clays, silts, sands, and 

localized offshore bars) through the majority of the project, and landslide deposits near 

the north interchange. Newer maps of the area (Personius and Scott, 1992; Nelson and 

Personius, 1993), characterize the predominant surficial geologic deposits throughout the 

study area as Lake Bonneville lacustrine clay and silt, with Holocene to upper Pleistocene 
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lateral spread deposits at some locations. Post-Bonneville lacustrine and marsh deposits 

are encountered along the easterly shores of the Great Salt Lake and encroach on the 

Parkway alignment from the west at some bridge sites. Localized upper Holocene stream 

alluvium associated with the Jordan River can be found along the shores of the river near 

the southerly terminus of the project. Bonneville lacustrine sand and gravel may be 

encountered near the northerly terminus, along with upper Holocene fan alluvium 

consisting of cobbles and gravel in a sandy matrix. 

As shown on Figure 2a, the F-747 site lies within Floodplain and Delta Complex deposits 

consisting of chiefly fine-grained and poorly drained sediments mapped by Davis (1983), 

with Provo Formation and younger lake bottom sediments mapped about a mile east of 

the site. A portion of a more recent map by Personius and Scott (1992) is reproduced on 

Figure 2b, and it will be noted from this figure that the area was mapped as Holocene to 

uppermost Pleistocene marsh and lacustrine deposits, surrounded by upper Holocene 

stream alluvium composed of sand, silt, and minor clay and gravel along the Jordan 

River. The map's authors note that these surficial geologic units are subject to flooding 

and high water table. 

Harty and Lowe (2003) have mapped landslide deposits in the northerly and southerly 

portions of the Legacy Parkway project area. Based on these maps, the F-747 site does 

not lie within landslide deposits; however, the southerly limit of the mapped North Salt 

Lake landslides are shown to extend into portions of the 1-215 / Redwood Road 

interchange about 1,700 feet west of the F-747 site (see Figure 2c). 

4.4 GEOLOGIC HAZARDS 

Geologic hazards identified within the Legacy Parkway project area include ground 

shaking, liquefaction-induced lateral spreading and landslides, and subsidence during a 

moderate to large seismic event on the Salt Lake or Weber segments ofthe Wasatch Fault 

Zone. Large seismic events on one of the other surrounding less-studied faults such as the 

Great Salt Lake fault may also trigger these hazards. 

Due to the close proximity of the Parkway to the Great Salt Lake, tilting of the lake 

during tectonic subsidence will shift the lake toward the east. This subsidence will cause 

a rise in already high ground-water tables and cause the lake to inundate toward the east. 

Subsidence and tilting will be greatest nearest the fault and will taper off away from the 
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fault toward the west. Studies by Keaton (1987), and Chang and Smith (1998) have 

compared the 7.5 magnitude earthquake at Hebgen Lake, Montana in 1959 to a maximum 

credible earthuake along the Wasatch Front. Keaton's study shows the area near the most 

eastern extent of Farmington Bay to have the greatest potential for flooding. It should be 

noted that the magnitude of this hazard is directly related to the level of the lake and the 

location and magnitude of the earthquake. Ground shaking from surrounding faults or 

rupture of the Great Salt Lake fault beneath the lake also has the potential to generate 

wave hazards in the form of seiche (water oscillation waves) or a lake tsunami. The 

actual hazard potential to the Parkway from these waves is not known. Based on a study 

by Lin and Wang (1978) the hazard from seiche on the lake is likely low. 

Other hazards include shallow ground water and potential flooding. A more detailed 

discussion of seismic hazards at the LPI over Jordan River site is provided in Section 5.0. 

4.5 SOIL MATERIALS 

Test holes completed at the F-747 site encountered predominantly very soft to stiff 

cohesive soils (lean and fat clay with some silt) interbedded with silty sand layers to a 

depth of about 105 feet (about elevation 4110 feet). Medium-dense to dense silty sand 

was the predominant soil type encountered between depths of about 105 to 125 feet. Soil 

conditions are described in further detail in Section 7.1.2. 

4.6 HYDROGEOLOGIC CONDITIONS 

Groundwater in the Salt Lake Valley occurs in late Tertiary and Quaternary alluvial and 

lacustrine basin-fill deposits that range from coarse gravel to clay. Four hydraulically 

connected aquifers have been identified in the basin sediments: 1) a deep, unconfined 

aquifer in gravelly deposits along the fronts of the Wasatch Range and Oquirrh 

Mountains; 2) a deep, confined aquifer in the center of the valley in gravel deposits 

beneath clay confined beds; 3) a shallow, unconfined aquifer in the center of the valley 

overlying the confined aquifer; and 4) local perched aquifers located primarily adjacent to 

mountain fronts. 

The hydraulic gradient in the Parkway area generally slopes down in a westerly direction 

toward the Great Salt Lake. Groundwater was measured at a depth of 3.5 feet below the 

ground surface at the F-747 site in July 2006. Fluctuations of a few feet can be expected 

due to typical seasonal variations, and it is expected that the groundwater elevation in this 
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area will generally coincide with the river water. The ground surface may be very wet 

during at least part of the year, creating difficult access conditions. Artesian conditions 

were encountered in the lower confined aquifers at some locations. 

4. 7 POTENTIALLY HAZARDOUS MATERIALS 

Potentially hazardous materials were not noted during the field investigation. All soil 
samples were re-examined in the laboratory and odors indicative of contamination were 

not noted. Potential sources of contamination include the oil drain at the southerly end of 
the project along with various past and present industrial sites located in the vicinity of 
the Parkway alignment. The apparent lack of contamination observed by field and lab 

personnel does not preclude the possible presence of potentially hazardous materials in 
the proj ect area. 
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5.0 EARTHQUAKE CONSIDERATIONS 

The study area is located within the seismically active Intennountain Seismic Belt which extends 

from Arizona to Canada. The nearest potentially active fault is the Salt Lake Segment of the 

Wasatch Fault Zone (WFZ) located about 1.2 miles east of the F-747 bridge site. The Salt Lake 

Segment is capable of generating a magnitude 7.2 earthquake. The Weber Segment of the WFZ 

is located about 2.5 miles to the northeast with the capability of a magnitude 7.4 earthquake. The 

West Valley Fault Zone is located about 2.7 miles south of the site. It is uncertain whether the 

West Valley Fault Zone has a true independent seismogenic source or if it functions as an 

antithetic fault to the WFZ. 

5.1 DESIGN CRITERIA 

The F-747 site is located at latitude 40.832° North and longitude 111.944° West. USGS­

NEHRP probabilistic peak ground acceleration (PGA) values are tabulated below: 

Probabilistic ground motion values in %g. 

PGA 

0.2 sec SA 

1.0 sec SA 

10%PE in 50 yr 

30.09 

69.94 

24.61 

2%PE in 50 yr 

72.79 

170.83 

71.72 

It should be noted that the USGS-NEHRP mapped values are calculated for "finn rock" 

sites having a shear wave velocity of 1500 feet per second in the upper 100 feet (MCEER 

Site Class BIC boundary), and that bedrock ground motions may amplify or attenuate as 

they propagate through overburden soils. 

Borings and testing completed at the site of the proposed structures indicate that the 

predominantly cohesive soils in the upper 100 feet have average undrained shear 

strengths less than 1,000 psf. It is therefore recommended that MCEER Site Class E be 

used for seismic design. 

As part of the current Legacy Parkway project, Kleinfelder, Inc. developed site specific 

horizontal and vertical acceleration response spectra for the 1250 West bridge site and the 

State Street bridge site. It is our understanding that Kleinfelder will provide a report with 

conclusions and recommendations for applying the site-specific spectra to seismic design 

of structures within the project. 
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5.2 LIQUEFACTION AND LATERAL SPREAD 

Liquefaction analyses were perfonned using the "Simplified Procedure" developed by 

Seed and Idriss (1971). This procedure involves detennining the seismic shear stress ratio 

induced by an earthquake and comparing it with the seismic shear stress ratio required to 

cause liquefaction. Recommended refinements for the "Simplified Procedure" for SPT 

data presented at the 1996 NCEER workshop (Youd et aI., 1997) were applied. 

Liquefaction-induced settlements calculated by the Design-Build team for the four Jordan 

River Bridges ranged from about 2.5 to 5.9 inches. An evaluation of Boring RSB-4-660 

indicates that several soil layers may liquefy during the seismic event having a 2 percent 

probability of exceedance in 50 years. Soil layers showing potential for liquefaction 

during the design event are noted on the boring logs in Appendix B. Layer thicknesses 

and potential liquefaction-induced settlements corresponding to volumetric strain are 

summarized below. 

Thickness of Liquefiable Layers (tt) Calculated Liquefaction Settlement (in) 

Boring No. 
Within Depth Within Upper 50 Within Depth Within Upper 
Investigated Feet Investigated 50 Feet 

RSB-4-660 30 16 5.9 3.5 

A loose to very loose deposit of silty sand and sandy silt was encountered between depths 

of about 25 to 41 feet in Boring RSB-4-660. The (N 1)60 blow counts in this layer were 

less than 15, indicating potential for lateral spread. Of the four borings completed for the 

Design-Build project in the vicinity of the structure (SB-3-249, SB-3-250, SB-4-251, SB-

4-252), three encountered predominantly clayey soils between depths of 25 to 41 feet. 

Based on this infonnation, deposits susceptible to lateral spreading appear to be confined 

to localized areas and are discontinuous across the site. Due to apparent lack of continuity 

of susceptible soil layers, it is not anticipated that lateral spread mitigation will be 

necessary at this bridge site. 
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6.0 FIELD AND LABORATORY TEST DATA 

6.1 SUBSURFACE EXPLORATION 

Subsurface investigations performed at the bridge sites include borings performed by 

Kleinfelder in conjunction with the Design-Build project, along with supplemental 

borings performed in 2006 for the current project. 

Boring logs for bridge subsurface investigations performed in 2006 are included in 

Appendix B of this report. Test holes performed by RB&G Engineering in 2006 are 

labeled with the prefix "RSB" (or "RSC" for CPT holes, where applicable), followed by a 

number identifying the bridge site, then by a hole number in the 600 series. It will be 

noted that the LPI over Jordan River bridge site is number 4, corresponding to the 

Design-Build designation "4" used for the structure originally contemplated at this site. 

Subsurface explorations for bridges performed prior to 2006 by Kleinfelder are labeled in 

a similar manner as the 2006 test holes; however, the prefix "SB" is used for structure 

borings and "SC" is used for CPT soundings. It will be noted from Figure 3 that 

Kleinfelder performed two borings at the F -7 47 (Bridge 4) site, along with other test 

holes at the nearby Bridges 1, 2, and 3. The prefix "RB" is used to identify roadway 

borings. 

For all structure borings drilled in 2006, the subsurface investigation was performed 

using aCME 55 rotary drill rig with a tri-cone rock bit and NW casing to advance the 

boring and water as the drilling fluid. Sampling was generally performed at 5-foot 

intervals. At some locations, sampling was performed at closer intervals to evaluate 

liquefaction hazard for loose cohesionless soils in the upper 30 to 40 feet. Disturbed 

samples were obtained by driving a 2-inch split spoon sampling tube through a distance 

of 18 inches using a 140-pound weight dropped from a distance of 30 inches. The drill rig 

used for each boring is noted on the boring log. The automatic trip hammer on the CME-

55 No.1 rig was evaluated by UDOT using Pile Driving Analyzer equipment in March 

2006 and the energy ratio was determined to be about 72%. 

The number of hammer blows required to drive the sampling spoon through each 6 

inches of penetration is shown on the boring logs. The sum of the last two blow counts, 

which represents the number of blows to drive the sampling spoon through 12 inches, is 

defined as the standard penetration value. The standard penetration value, corrected for 

overburden and hammer energy, provides a good indication of the in-place density of 
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sandy material; however, it only provides an indication of the relative stiffness of 

cohesive material, since the penetration resistance of materials of this type is a function 

of the moisture content. Considerable care must be exercised in interpreting the standard 

penetration value in gravelly-type soils, particularly where the size of granular particles 

exceeds the inside diameter of the sampling spoon. Ifthe spoon can be driven through the 

full 18 inches with a reasonable core recovery, the standard penetration value provides a 

good indication of the in-place density of gravelly-type material. For materials containing 

more than 35% gravel size particles, the density descriptions shown on the boring logs 

were developed based on correlations between relative density and standard penetration 

value for gravelly soils. 

At some locations within the project it was not possible to drive the sampling spoon 

through the full 18 inches at some sampling depths. Where the sampling tube could not 

be driven through the full 18 inches, the number of blows to drive the spoon through a 

given depth of penetration is shown on the boring logs. 

Undisturbed samples were obtained by pushing a 2.62-inch (inside diameter) thin-walled 

sampling tube into the subsurface material using the hydraulic pressure on the drill rig. 

The locations at which the undisturbed samples were obtained are shown on the boring 

logs. 

Miniature vane shear (torvane) tests, which provide an indication of the undrained 

shearing strength of cohesive materials, were performed on samples of the cohesive soils 

during the field investigations. The results of these tests are shown on the boring logs as 

the torvane value in tsf. 

Each sample obtained in the field was classified in the laboratory according to the 

Unified Soil Classification System. The symbols designating soil types according to this 

system are presented on the boring logs. A description of the Unified Soil Classification 

System is included with the logs (see Appendix B), and the meaning of the various 

symbols shown on the logs can be obtained from this figure. Laboratory-tested samples 

were also classified according to the AASHTO Classification System, and the symbols 

designating the soil types according to this system are also presented on the boring logs. 

6.2 LABORATORY TESTING 

Laboratory tests performed during this investigation to define the characteristics of the 

subsurface material included: 
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1) Mechanical Analysis 
2) Density 
3) Natural Moisture Content 
4) Atterberg Limits 
5) Unconfined Compressive Strength 
6) Consolidation 
7) pH, Resistivity, Sulfates, and Chlorides 

Laboratory testing was perfonned in accordance with applicable standards published by 

the American Society for Testing and Materials (ASTM) and/or the American 

Association of State Highway and Transportation Officials (AASHTO). 

The results of laboratory tests perfonned during this investigation are presented on the 

boring logs and summarized on tables located in Appendix C of this report. Plots of 

applicable test data are also included in Appendix C. 
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7.0 STRUCTURES 

7.1 DESCRIPTION 

7.1.1 General 

It is our understanding that Structure F-747 will be a single-span prestressed 

concrete girder bridge structure. The bridge will be approximately 120 feet long 

by 49 feet wide. Loads for the F-747 bridge have been provided by the structural 

engineer and are shown on the table below. 

Structure Foundation Strength I Service I 
(kips) (kips) 

F-747 Abut 1 2530 1960 
LP1 over Jordan River Abut 2 2530 1960 

Structure E-2569 is expected to be a box culvert structure with inside dimensions 
of about 20 feet wide by 10 feet high. 

7.1.2 Subsurface Conditions 

Borings SB-4-251 and SB-4-252 were drilled in January 2000 for the Design­

Builder's Geotechnical Report. Boring 251, at Abutment 1, encountered about 4 

feet of clayey fill, followed by soft to very soft lean clay and silty clay to a depth 

of about 60 feet. A loose sand layer was identified between 60 and 70 feet, 

followed by stiff silt and clay to 86 feet. A dense sand layer was logged between 

86 and 95 feet, followed by stiff lean clay to 106 feet, then silty sand to the 

bottom of the boring at a depth of about 124 feet. Boring 252, at Abutment 2, 

encountered 15 feet of silty gravel fill, followed by 10 feet of loose clayey sand 

with frequent clay layers. Medium-stiff to stiff lean clay and sandy silt layers 

were encountered between 25 and 80 feet. Between 80 and 105 feet, the boring 

log shows silty sand with silt and clay layers, followed by lean clay to 110 feet, 

then dense sand to 120 feet. Hard silt with gravelly and silty sand layers was 

encountered between 120 feet and the bottom of the boring at 127 feet. 

Roadway Boring RB-392 was drilled in February and March 200 for the Design­

Builder's Geotechnical Report. This boring, located near the proposed E-2569 

location, encountered about 11 feet of silty gravel. This gravel fill was very dense 

in the upper 4 to 5 feet, but relatively loose between depths of 5 and 11 feet. Soft 

to very soft lean clay was encountered between 11 and 33 feet, followed by a two-
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foot layer of medium-dense silty sand, then predominantly medium-stiff silt and 

clay to a depth of 90 feet. A layer of dense to very dense silty sand was 

encountered from 90 to 95 feet, followed by stiff lean clay to the bottom of the 

boring (total depth of 99 feet). 

Boring RSB-4-660 was drilled In 2006 at F-747 Abutment 1. This boring 

encountered very soft lean clay, fat clay, and silt in the upper 25 feet. The zone 

between depths of 25 and 41 feet consisted of loose to very loose sand and non­

plastic silt, with some soft, low-plasticity silt. From 41 feet to 105 feet, the boring 
encountered firm to stiff lean and fat clay with some medium-dense sand layers 
up to about 4 feet thick. The remainder of the boring encountered medium-dense 

silty sand from 105 to 115 feet (elevation 4100.5 feet). In this boring, the lean 
clay samples tested in the laboratory had liquid limits between 34 and 40, with 

plasticity indices between 15 and 21. The fat clay samples had liquid limits 

ranging from 56 to 67 and plasticity indices between 30 and 45. The plastic silt 

samples in the upper 35 feet had liquid limits between 19 and 37, and plasticity 

indices between 2 and 10. 

7.1.3 Groundwater Conditions 

Groundwater was encountered at about elevation 4212 feet (within 3.5 of the 
ground surface) in Boring RSB-4-660 in July 2006. The water table was not noted 
on the boring log for the E-2569 site; however, the soil moisture descriptions 

suggest that the groundwater elevation at the time of drilling was near the top of 
the upper lean clay layer, if not higher. It is anticipated that up to two feet of 

fluctuation may occur due to typical seasonal variations in precipitation and 

climatic cycles, and that the groundwater level will generally be similar to the 

level of water in the river. Artesian flow was not noted at this site; however 
artesian conditions are known to exist at various locations throughout the Legacy 

Parkway project. 

7.2 RECOMMENDATIONS 

7.2.1 Bridge Structures 

Potential foundation types at this site include shallow foundations, such as spread 
footings, and deep foundations, such as drilled shafts or driven piles. Due to the 

magnitude of structural loads (including seismic design requirements), deep 

foundations are expected to be the most efficient foundation type for major bridge 
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structures on the project. The depth to competent soil layers, along with 

foundation settlement considerations, favors the use of driven piles rather than 

drilled shafts. Given the subsurface soil and groundwater conditions, driven piles 

can be more readily installed to greater depths than drilled shaft foundations. 

Recommendations for driven pile foundations are summarized below. 

Recommendations for shallow foundations, which may be considered for the 

multi-use trail underpass, are provided in Section 7.2.4. 

7.2.1.1 Driven Piles 

It is our understanding that each abutment foundation for Structure F -7 4 7 is 
expected to consist of a single line of ten 16-inch OD concrete-filled pipe 
piles with center-to-center pile spacing of 5' -4" on centers. 

Axial compression resistance values have been estimated for 16-inch OD 

concrete-filled steel pipe piles. The analyses were performed using the FHWA 
program SPILE. Geotechnical resistance factors were selected from the 2006 

Interim AASHTO LRFD Bridge Design Specifications. Estimated driving 
depths and factored resistance values are summarized below. 

Pile Data Parameters F-747 Abut 1 F-747 Abut 2 

Estimated Pile Tip Elevation (ft) 4100 4103 

Elev. of Min. Acceptable Pile Penetration (ft) 4105 4107 

Strength I Axial Compression Resistance (kip) 264 264 

Extreme Event I Compression Resistance. (kip) 346 346 

Required Driving Resistance (kip) 407 407 

It will be noted that the estimated resistance values are the same for each 

abutment. The estimated tip elevations are located within a relatively dense 

zone of granular soil shown on the boring logs. The elevation of minimum 

acceptable pile penetration is a few feet above the estimated tip elevation to 

allow a limited amount of flexibility in driving depths if the required driving 

resistance is achieved at a shallower depth. All piles should be driven to at 

least the minimum penetration elevation unless the geotechnical engineer 

approves shorter piles based on a review of tested pile driving resistance and 
other foundation considerations, including foundation uplift resistance and 

settlement. 
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The estimates listed above assume that new embankments will be constructed 

with lightweight material and/or surcharged if necessary such that any 

significant embankment settlement at the abutments will be completed or 

otherwise mitigated prior to placement of structural loads on the piles. 

We recommend that piles be spaced at least 3 diameters apart (center-to­
center) to reduce group effects. Potential for pile group failure under axial 

compression loads was checked for the following proposed pile group layout. 

• Abutments supported by a single row of 10 piles spaced 5.3 feet on 
centers over a total distance of 49 feet. 

For the pile group layout listed above, the potential for group (block) failure 
was found to be less critical than the axial compressive resistance of 

individual piles. Group resistance can therefore be determined by multiplying 

the single-pile resistance by the number of piles in the group for both the 
Strength I and Extreme Event limit states. 

A preliminary pile drivability analysis has been performed using the program 
GRLWEAP 2005. The analysis was performed for closed-end 16-inch OD 
steel pipe piles having wall thicknesses of 3/8 and 112 inch. The analyzed 

driving systems were a Delmag D 25-32 diesel hammer with the 
manufacturer's recommended hammer cushion, and an IHC S-90 

Hydrohammer, without cushioning. The results of the analyses are 
summarized below. 

3/8" Pipe Thickness 1/2" Pipe Thickness 
L.. Maximum Maximum Q) 

Ultimate Blow Ultimate Blow E 
Compress. Stroke Energy Compress. Stroke Energy E 

Capacity Count Capacity Count ro 
:r: Stress (tt) (kip-ft) Stress (ft) (kip-ft) 

(kips) 
(ksi) 

(per foot) (kips) 
(ksi) 

(per foot) 

350 25.9 52 7.4 32.5 350 24.7 43 7.4 30.2 
N 

7.5 M 375 26.2 66 32.7 375 25.0 51 7.5 30.5 I 
l[) 
N 400 26.4 86 7.5 33.0 400 25.3 61 7.6 30.7 
0 

430 26.7 125 7.6 33.1 475 25.9 117 7.8 31.3 

• 350 39.1 39 6.6 43.5 350 36.5 30 6.6 43.9 
0 
O'l 375 39.2 49 6.6 43.5 375 36.5 35 6.6 43.9 I 
(j) 

0 400 39.2 63 6.6 43.5 400 36.6 41 6.6 43.8 
:r: - 455 39.2 123 6.6 43.4 535 36.6 121 6.6 43.7 

* S-90 assumed to operate at 70% efficiency. 
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It will be observed from the table that both driving systems appear capable of 

driving piles to the required driving resistance of 407 kips without 

significantly exceeding a hammer blow count of about 10 blows per inch. The 

calculated driving stresses are significantly greater for the IRe S-90 hammer 

than for the diesel hammer, due to the lack of cushioning and greater energy 
transfer to the pile. Based upon the results of the WEAP analysis, pipe piles 

with 3/8" wall thickness can likely be driven to the required driving 

resistance. A refined wave equation analysis should be performed for the 

proposed pile driving system prior to mobilizing the pile driving rig to the site. 

Pile driving should be monitored to ensure that driving stresses do not exceed 

0.9 times the yield strength of the steel piles. Based on the WEAP analysis, 

the yield strength of the steel pipe should be at least 45 ksi for this site. The 

pile driving hammer should have an operating energy of at least 60 kip-ft. 

Special care should be taken to align the hammer properly with the pile head 

to limit the possibility of eccentric driving stresses, which can result in over­
stressing of one side of the pile. Driving should be performed only with 

smooth, square ends of the piles (preferable the factory-cut ends) rather than 

rough field-cut pile ends. 

It should be noted that piles are not expected to demonstrate the required 
driving resistance during initial driving. Significant set-up is likely to occur as 
pore pressures dissipate in the hours and days following driving, increasing 
the geotechnical resistance of the pile. 

7.2.1.2 Foundation Settlement 

Pile resistance analyses were performed based on the neutral plane method. In 

this method, downdrag loads are not considered detrimental to the 

geotechnical pile resistance, and the resistance values above need not be 
reduced to account for downdrag. The effects of downdrag should, however, 

be accounted for in evaluations of the structural resistance of the pile section. 
For 16-inch OD steel pipe piles at each of the foundation locations listed 

above, the axial structural resistance of the concrete-filled pipe pile section 
should be checked to verify that the pile section can resist the Service I Load 
plus a factored downdrag load of 250 kips per pile. To account for potential 

corrosion, we recommend that the structural capacity evaluation be performed 

assuming 1116 inch of corrosion will occur on the exterior of the steel pipe. 
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The Extreme Event I Resistance shown above assumes that liquefiable layers 

will not provide resistance during seismic loading. If this value is not 

exceeded, it is anticipated that the principle consequences of liquefaction will 

be pile group settlement resulting from downdrag loads transferred from 

settling soil above the liquefiable layers. The pile group could potentially 

settle as much as the surrounding ground surface during liquefaction before 

the temporary downdrag loads are neutralized and the piles regain the full 
Extreme Event I Resistance; however, actual pile group settlement during 

liquefaction is expected to be somewhat less than the settlement of the 
surrounding ground surface. The estimated ground settlement due to 

liquefaction based on Boring RSB-4-660 is 5.9 inches. 

Consolidation settlement of abutment pile groups at Structure F-747 was 

estimated assuming a single row of 10 piles (16-inch OD) spaced over a total 

distance of 49 feet at each abutment. In the analysis it was assumed that 
settlements caused by placement of embankment and MSE fill will be 

mitigated/completed prior to placement of bridge loads on the piles. For a 
total service dead load of 1850 kips (185 kips per pile), the calculated pile 

group settlement is about 1.2 inches. It is expected that at least l;4 inch of the 
total calculated settlement will occur prior to final paving of the bridge. 

Average non-transient loads greater than 185 kips per pile may cause post­
construction settlements greater than one inch. We therefore recommend that 
the average service dead load not exceed 185 kips per pile. Transient loads are 

not expected to contribute significantly to pile group settlement at this site. 

The Service I Resistance shown on the plans may be greater than 185 kips per 
pile if necessary to support transient loads, under the condition that the non­

transient loads do not exceed 185 kips per pile. 

7.2.1.3 Uplift 

Uplift capacities for individual piles computed using LRFD Procedures are 85 

kips per pile for the Strength I limit state and 245 kips per pile for Extreme 
Event I. A resistance factor of 0.35 was used for sandy soils, and a factor of 

0.25 was used for clayey soils at the Strength I limit state. 

Group uplift resistance for the case of block failure was evaluated by 

estimating the weight of each pile group plus the shear resisting force around 

the perimeter of the pile group for the proposed pile groups as follows: 
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• Abutments with 10 piles spaced at 5.3 feet on centers over a total 

distance of 49 feet. 

The uplift resistance of the pile group to block failure was greater than the 

sum of the single-pile resistance values for all piles in the group. It is therefore 

recommended that the uplift resistance for pile groups at this structure be 
assumed equal to the uplift resistance of a single pile multiplied by the 

number of piles in the group. 

7.2.1.4 Lateral Loading 

Soil parameters and other recommendations for evaluation of lateral load 
response using the computer programs LPILE and GROUP are included on a 

summary sheet in Appendix D. 

7.2.1.5 Load Tests 

Table 10.5.5.2.3-3 of the 2006 AASHTO LRFD Interim Specifications shows 
the number of dynamic pile load tests with signal matching required at each 
site. The number of required PDA tests depends on site variability and the 
number of piles to be driven. With respect to the AASHTO table, the site of 

the proposed F -7 4 7 bridge structure can be considered to have low variability, 
and the minimum number of tests is 4. Additional PDA testing may be 
necessary if pile driving conditions indicate significant variability in the soil 

profile. 

Pile resistance and driving criteria from PDA testing should be determined 

from "Beginning of Restrike" conditions. A minimum of 24 hours set-up time 
will likely be required after initial driving before piles demonstrate the 

required driving resistance, and additional time may be necessary in some 

instances. 

7.2.1.6 Construction Considerations 

Groundwater was encountered within 3.5 feet of the ground surface at the 
boring location in July 2006, and dewatering may be required for some 
construction activities. 

It is recommended that the groundwater be lowered to a depth of 2 feet below 
the bottom of excavations. It is anticipated that dewatering can best be 
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achieved using sumps and drain trenches where clay exists at the foundation 
level. 

Soils at the bottom of excavations may be too soft to provide an adequate 

working surface. Stabilization methods will depend upon conditions 

encountered. Moderately soft areas can be stabilized by over excavating the 

foundation footprint to a depth of about 1 foot, placing a geotextile fabric such 
as Mirafi SOOX or equal and backfilling with compacted sandy gravel. Very 

soft areas may be stabilized by tamping cobble rock (preferably angular to 
subangular) into the sub grade as needed. 

Depending upon construction sequence and methods employed, excavation 
and shoring of embankment fill may be necessary. Maximum excavation 
slopes in compacted granular fill material of IH:l V can be used for temporary 

cuts less than 20 feet deep. For temporary cuts between 20 and 30 feet deep, 

l.SH:1V cut slopes or flatter should be used for the full depth of the cut. The 
stability of cuts in uncompacted fill and/or natural subgrade soils should be 

evaluated on a case-by-case basis. 

We recommend that preconstruction surveys and vibration monitoring be 
performed for any critical structures or utilities located within 500 feet of the 
construction area. 

7.2.2 Embankments 

Analyses and recommendations for embankments are provided m a separate 

report by Kleinfelder. 

7.2.3 Retaining Walls 

Analyses and recommendations for retaining walls are provided in a separate 

report by Kleinfelder. 

7.2.4 Tunnels / Culverts 

The LPI Multi-Use Trail undercrossing structure (E-2S69) may be supported on 

pile foundations using the recommendations of Section 7.2.1 above. If this option 

is selected, we recommend that additional subsurface exploration be performed at 

the site to provide refined pile resistance values and estimated pile tip elevations. 
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Alternatively, consideration may be given to supporting the structure on the 

clayey natural sub grade soils using the culvert floor as a mat-type foundation. 

Preliminary structure drawings indicate that the bottom of the proposed box 

culvert will be at about elevation 4213.9 feet. Based on the boring log, the culvert 

bottom would be located on about 5 to 6 feet of loose silty gravel fill overlying 

the natural lean clay. To provide uniform foundation support for the structure, we 

recommend that the culvert area be overexcavated to remove any loose fill. The 

overexcavated area should include the culvert footprint plus a lateral distance 

equal to half the overexcavation depth on all four sides of the culvert. The 

excavated material should be replaced with compacted granular fill. The 

excavated loose silty gravel may be suitable for use as compacted fill, reducing 

the amount of imported fill required. 

If the recommendations provided above are followed, it is anticipated that the 

critical sub grade parameters will be controlled by the lean clay encountered 

beneath the loose fill. Preliminary estimates of subgrade parameters for the lean 

clay are summarized below. 

Average Undrained Shear Strength: 500 psf 

Nominal Bearing Resistance: 2570 psf 

Coefficient of Subgrade Reaction: 30 pci 

The nominal bearing resistance can be increased due to load spreading in the 

compacted granular fill. The increased bearing resistance is determined by 

multiplying the bearing resistance of the clay from the table above by the ratio 

(B+z)/B, where B is the foundation width and z is the thickness of the compacted 

fill layer beneath the culvert. For a footing width of 20 feet, this computation 

results in a 5% increase in bearing resistance per foot of compacted granular fill. 

In no case; however, should the nominal bearing resistance be assumed to be 

greater than 800B psf, where B is the footing width in feet. If at least 24 inches of 

compacted granular fill exist beneath the footing, the coefficient of sub grade 

reaction can be increased to 200 pci. 

The Strength I Bearing Resistance can be estimated by multiplying the nominal 

resistance shown above by a resistance factor of 0.50. The bearing resistance 

value listed above is applicable to structures placed on the existing sub grade soils 
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prior to placement of roadway embankment fill around the structures. It should be 

noted that the placement of roadway embankment fill will consolidate sub grade 

soils, and the clayey and silty soils will gain strength with consolidation. If 

roadway embankments adjacent to the culverts are constructed in such a manner 

that loads from the roadway fill weight do not exceed the bearing resistance of the 

sub grade, bearing resistance will not be critical for the culverts. At some 

locations, staged construction, lightweight embankment fill, or sub grade 

reinforcement/modification may be necessary to provide sufficient bearing 

capacity for the new fill and the buried culverts. 

The estimated coefficient of sub grade reaction shown on the table is for a 12-inch 

square footing area and is based on typical values for the lean clay encountered at 

the site. It is anticipated that significant consolidation settlement may occur due to 

placement of new roadway embankments, and that differential and total 

settlement considerations may control the design of box culverts. If the structure 

cannot be designed to tolerate the anticipated settlements, it may be advisable to 

preload the culvert subgrade area with temporary embankment fill, allow 

consolidation to occur, then excavate the temporary fill to construct the culvert. 

7.2.5 Lateral Earth Pressures 

Lateral earth pressures can generally be calculated using the equation 

Where P = total lateral force on the wall, plf 

K = earth pressure coefficient 

y = unit weight of the soil (depends on fill material) 

H =height of the wall 

The earth pressure coefficient used in designing the walls will depend upon 
whether the wall is free to move during backfilling operations, or whether the wall 

is restrained during backfilling. If the wall is free to move away from the soil 

during backfilling operations, we recommend that an active earth pressure 

coefficient be used in the above equation to calculate the lateral earth pressures. If 

the walls are restrained or braced from movement during backfilling (as is 

generally the case with box culverts and similar structures), we recommend that 

an at-rest earth pressure coefficient be used to calculate the lateral earth pressures. 

A passive earth pressure coefficient should be used to calculate the lateral soil 
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resistance where the wall is being pushed toward the soil. It should be recognized 

that the pressures, calculated by the above equation, are earth pressures only and 

do not include hydrostatic pressures. Where hydrostatic pressures may exist 

behind a retaining structure, we recommend either the wall be designed to resist 

hydrostatic pressure, or that a drainage system be placed behind the wall to 

prevent the development of hydrostatic pressures. 

Lateral earth pressure coefficients and other recommendations for computing 

lateral earth pressures are included in Appendix D. A general earth pressure 

coefficient has been provided for calculation of earth pressures where mechanical 

compaction equipment is expected to be operated near non-yielding walls less 
than about 8 feet high. This scenario is anticipated during placement of fill around 

culverts. The residual pressure from compaction equipment can be reduced by 
limiting the proximity and weight of compacting equipment near culvert walls. 

Recommendations based on the Mononobe-Okabe approach for active and 
passive seismic lateral earth forces are included in Appendix D. For non-yielding 
walls, recommended equations for calculating the dynamic thrust and dynamic 

overturning moment are also provided. 
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8.0 CORROSION INVESTIGATIONS 

The Design-Build team performed chemical analyses on samples from borings at the Jordan 

River bridge sites, and the results are summarized below. 

Test Hole Depth Soil Type Resistivity pH Sulfate 
(tt) ohm-em (ppm) 

SB-1-243 4 Lean Clay 2,800 7.7 35 

SB-2-247 5 Lean Clay 2,300 8.0 48 

SB-2-248 17 Lean Clay 1,900 8.0 35 

SB-3-249 9.5 Fat Clay 1,500 8.2 <62 

SB-4-251 10 Lean Clay 2,200 8.9 25 

The 2006 Interim LRFD specifications state that resistivity less than 2,000 ohm-cm, sulfate 

concentration greater than 1,000 ppm, and pH less than 5.5 (8.5 in highly organic soils) are all 

indicative of potential pile corrosion or deterioration. It will be noted that the resistivity of two of 

the five samples was less than 2,000 ohm-cm, indicating some potential for corrosion. Type II 

cement is recommended at this site for its superior resistance to deterioration. For design of 

driven piles, it is recommended that 1/16 inch of corrosion be assumed for all surfaces in contact 

with soil or groundwater. This reduction has been accounted for in the pile analyses described in 

Section 7.2.1.1. 

9.0 LIMITATIONS 

The conclusions and recommendations presented in this report are based upon the results of the 

field and laboratory tests. It should be recognized that soil materials are inherently heterogeneous 

and that conditions may exist throughout this site which were not defined during this 

investigation. If during construction, conditions are encountered which appear to be different 

than those presented in this report, it is requested that we be advised in order that appropriate 

action may be taken. 

The information contained in this report is provided for the specific location and purpose of the 

client named herein and is not intended or suitable for reuse by any other person or entity 

whether for the specified use, or for any other use. Any such unauthorized reuse, by any other 

party is at that party's sole risk and RB&G Engineering, Inc. does not accept any liability or 

responsibility for its use. 
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Explanation of Selected Symbols 
Mu '" Mississippian Undivided 
Ob-a = Bonneville & Alpine Formation 
Qfpd = FloodplalO & Delta Complex 
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Qlb = Provo Formation & Younger Lake Boltom Sediments 
Qpsf" Provo Formation & Younger Shore Facies 
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Figure 2a Geologic Map A 
F-747 Site (LP1 over Jordan River) 
LegaLY ParlGvay 
Salt Lake / Davis Countie ... ·. Utah 

Map modified from: 

Davis. 1983 
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Figure 2b Geologic Map B 
LP1 over Jordan River 
Legacy Parkway 
Salt Lake / Davis Counties, Utah 

Map modified from: 

Brief Explanation of Selected Symbols 
al1 '" Stream alluvium 
clsp = Lateral-spread deposits 
f = Manmade fill 
laly = Lacustrine, marsh, & alluvial deposits 
Ibpm '" Lacustrine silt and clay, undivided 
Iy = Marsh and lacustrine deposits 

Personius & Scott, 1992 (US Geological Survey) 
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Figure 2c Geologic Ma;J C 
North Salt Lake Landsldes 
Legacy Parkway 
Salt Lake / Davis Counties, Utah 
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Brief Explanation of Selected Symbols 
Qaf = Alluvial-fan deposits 
Qal = Stream alluvium 
Qf = Artificial fill 
Qlf = Fine-grained lacustrine deposits 
Qlg = Lacustrine gravel 
Qml = Lateral-spread landslide deposits 
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Map modified from: 

Harty & Lowe. 1992 
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aUANTlTlES 

ITEU OUANT. UHIT AS CONST. 

STRUCTURAL CONCRETE (EST. DlY. XXX CY 1 
REINF'(f:ICINC STEEl. (COATEDJ 

CRANULAR BACKF'ILL BORROW 

nux 
xx 

GENERAL NOTES 

LS 

LB 

0' 

USE COATED. DEFOFIWED BILLET-SlEEL BAAS IN ACCORDANCE WITH 
ASTIol ... 615. CRADE £0. EPOXY COATED IN ACCOODANCE WITH AASH1Q III 284. 

2. PROVIDE 2 INCH COYER TO REINtmCINc STEEL EXCEPT WHERE NOTED OTHERWISE. 

3. CH""'-ER EXPOSED CONCRETE CORNERS 3/4 INCH EXCEPT WHERE NOTED OTHER'" ISE. 

USE CLASS AA I I.E I CAST-IN-PLACE CONCRETE. 

5. ALL DHENSIQNS ARE IN FEET AND INCHES. ALL STATiONS AND ELEVATiONS ARE 
IN FEET. 

6. SEE ROADWAY PLANS FOR TRAIL OETAILS. 

1. DRAWINes ARE NOT 10 SCALE. H~IZONlAL DU€NSICWS ARE PLAN oiloiENSION5 
AND vERTICAL DlAENSIONS ARE PLUte. 

8. PROVIDE GRANULAR BACK.FILL BORROW TO MEET UDOT'S CRITERIA FOR FAEE 
DRAINING GRANULAR BACK,F ILL BORROW. SPEC IF I CATI ON 02061. 

OESIGN DATA 
HL.-93 LOADING I'" ACCORDANCE 11TH 3rd EDITION U.SHTD LRFD AND INTERIM SPECIFICATIONS 
THROUGH 2006. 

CAS T - J N-PLACE CONCRETE ~ 

SEISMIC DESIGN DATA: 

DESIGN WAXI...," CDYER 

DESIGN WINUIJW COVER 

SOIL DRY UNIT WEIGHT 

f'e. 5000 PSI: Fy IREINF.I - 60.000 PSI: n - 7 

SEISMIC DESIGN PER UCEER/ATC 49 
(211175 YR. RETURN PERIOD. 3" PE IN 75 lRS. ) 
55 - WAX CONSIDERATION EO GRClJND WOTIDN AT 0.25 = X.XX 0 
~hE ~!S~~SJDERATJON EO GROUND MOTION AT LOS - X.XX 0 

- 2'-5'"' . " 
- 150 #/CF 

SOIL SUBMERGED UNIT WEIGHT - xx #/CF 

INDEX DF SHEETS 
I. SITUATION &. LAYOUT 1 

2. SITuATION & LAYOUT 2 

3. SOIL DATA SHEET 

BARREL OE hilS 

S. wlNeWALL DETAILS 

CDNCREE 
BARRIER RAil 

-- ----------------- --------------- - --'..J I "--. --------------- ---------.------ --

LPI 

l-------L---'-~-----L-------, ___ '_",i:' ______________________________________ ,,:f_'_' __ c:,r ' ~ ,; ; ________ J _________________ L ______________ 1______________ _ _ --------------r-~-~--~--~--~----~~~--t-----~--~~~--~~-_~-_-_-_-!--r-~-~~~~~NG 
[J::::::::::: ____ :: __ :..+ __ : ____ : __ ::_::::_-::_~:::::::: __ ::: __ ::l:~J ___ L_~=::::::::::::::::=:~~~::~::::::~~~:~_i. __ [!:l-_____________________________ ~-_-_=_-.~-.-___ -____ .~-_-__ .-:_L __ : ____ :_-__ .'.-_. __ .-__ ., ______ .i"J 

ENTRANCE ELEVA nON 

/~PPROACH 
/ SLAB (TYP.) 

1
· -¢ PROPOSED 

DITCH 
(TVP. I 

PRELIMINARY 
NOT FOR CONSTRUCTION 

rt BOX CUL vERT 6. 
It -ne .. -

1'-4-

I TYP. , 

I 10'-0" 10'-0" 

SECTION THRU STRUCTURE 
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SO()0100 

TIC. 
Sh.. 5000+17.58 
El. 0\11215.66 \ 

lPl ST4. 525+25.00 
25.00 IT 

--

--

28' -0" 

T .... STo\. 5000+45.59 
,., lPl ST4. 525+25.00 

&0\11' -0" 

--------------------------------f'-

2' 0" 

l~ .....--MSE WAll COP INC 

~ ...----------"EADWALL <TYP. I 

l"T'l'P. :. 

\

90"00'00'" ITANGENT 

"" TO CURVE I 

_~ 536"25'0)"[ 

o c- ~~~;~; 

1_~r---+-~-+~ __ ~----~--------~~SD=D~lr~~O_~ 

-------------------------------t.::J ----

PLAN 

-- \~~. 5000+91.58 
EL. 0\11216.04 

------ -- --- -----

-

--

lK.'.r WAI I r.np INri 

CONCRETE. 
II 2' -0· BA.RRIER 
II F"FSET RAil 

lP, STA. 525+25.00 
33.00' RT 
F.G. El. EOP "" 4229.65 

F.C. El. EOP - 4221.60 El. 4228.5)j0. lPl 

"'. 47~ r~~~~~:ERAIL I EDP EL. "2""~ 
~~~~~LL • ~ ;( 7 EDP 

EL. '227~:~.o~ : +).iO~ n~2~o~2C~~~m,TOP "" A 
4230.63 

-to. 5&Yi. 
~ 

~~~~~~/ [APPRDX. ~ EXIST. 

't ," "IN. CLR. ~ ~ ,. -," MAX. CDVERY _______ ::~~~~ __________________ _ 

cd --------------------------- --- ----------
n •. 
EL. 0\II215.66~ 

--------
---------:= 

----------- ~ -------
2 

'-n. 0\11213.88 [lEVEL BOTTOu 
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-~ X-XXX 

lVC 300.00' 

LP1 PROFILE 

CURVE OATA 

G0 
t:::. '" 69"27'06" RT 
R - 2911.858' 
l .. 3529.63' 
T :::: 2018.20' 
p [ su. 528+28.40 
PC STo\. 508+10.20 
~r ::.To\. 5"1l+3~.tl3 
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I 
t 
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TML 
STA. 5000+11.58 
El. 4215.66 \ 

LP1-_ 

~ 
I .____MSE WAll 

"EADER "ALL 'HP.'~:-

r--.... 

--- -------------------------------r,------------------ .--------------------.------------------------------------ ---.---- ---
LPl 

STA. 525+25.00 1\'90.0'0;' !TANCENT 

= T~STT~. 5~,iOO"5.58~ TO cuRVE I 

/ '" SlS'ZS'OO"'E 

- --------------------------------r----------... -------

~ TOf' "A T. (a"i) BOTTO .. LAl I TOP SLAB J 

c ________________________________________________________ ~_ ..::f ________ I 

~ i 
~ TOP W. T • ~ BOTTOW tlA T C BOTTOM SLAB I 

--- -------------------------------+------------------

- r-

~
~~~~'~~O(ITYP' 

\,
n'L 
STA. 5000+81.58 
Elo 421G.O.q 

MSE WALL_ V--LoISE WALL 

PLAN 

NOTES ~ 

I. DESICN SPECIFICATION: AAStolTO LRFD 2004 WI 2005. 2006 INT[R[t.1S 
Hl-93 DESICN L.OADINe: 

R£lNFORCiNC STEEL: 
SURFACE TRE.AlIro£NT: 

AShl A615/A1>15-960 
ALL CONCRETE SURFACE SHALL RECIEvE 
A cE.NERAl SURF ACE FIN [5H 

2. SEE ROADWAY PLANS FOR CULvERT LOCATION. ROADWAY SKEW 
ANCLE AHD ROADWAY CROSS SECTION. 

3. DURINe CONSTRucTION PROviDE SUPPORT FOR LOADS IN EXCESS 
OF AASMTO HL-93 

'I. PRovIDE A 6" CHAUfER WHEN ANCLE "A" IS GREATER THAN .. 5" 
MAINTAIN WALL THICKNESS FIELD ADJUST REINfORCINC TO 
MAINTAIN COVER 

5. 

6. 

7. 

SPACE BARS 88 (TOP I ANO 89 t BOTTOM) WITH A 8AR IN EACH 
CORNER AND THE REMAINING BARS PLACED AT EOUAl SPACING. 

PLACE BARS 810 AT EVEN SPACES BETWEEN CORNER BARS 88 (TOP, 
AND 89 I BOTTOM'. 

FOR CULvERT EXTENSIONS.REI.CJvE HEADWALL AND WINCWALLS 
SUFFICIENT FOR NEW CONSTRUCTION. CUT BACK 2'-0" OF EXISTING 
CULVERT WHILE AVOlolNC DAIAACE TO EXiSTING REINFORCEMENT. 
CLEAN AND STRAIGHTEN EXISTING REINfORCEhlENT. LAP AND TIE 
EXTENSION REINFORCEt.lENT ONTO EXISTlNCi. 

8. THE COST FOR REwDVAL AND DISPOSAL Of MATERIAL FROW THE 
EXIST ING HEADWALLS. WINCWALLS. AND SOX. AND THE COST fOR 
CLEANING. STRAICHTENINC AND EXTENDING LONCiTUDINAL 
REINFORCEMENT IS INCLUDED IN THE COST FOR CONCRETE AND 
STEEL IN THE CULvERT EXTENSION. 

r PRELIMINARY 
NOT FOR CONSlRUCTION 
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APPENDIX B 
Test Hole Logs 



Unified Soil Classification System 

Group 
Major Dlvilion. Symbola Typlca. Nam ~. LaboratoTY CI ... lrlc.tloD Crller', 

Well graded IT.vels. For laboratory 
C • D .. 

Greater than 4 • DIJ) 
ClcaD GW ,ravel- . and mixtuTC s. classification of 

Cravell little or no fin es coarsa-gralnod sol/s (D..I" 
Between J and 3 c- - - -

• DlG JC D60 
Iiu/e or,. 0 

Gravel. 
f;nl!3 Poorly &udcd &ravels . 

GP gravel-sand mixtures, 
Not meeting.ll gradation 

morethan little or no fin cs D ctcrm in c requirements for GW 

It II If of COli rs I! percen ugc of 
Ira clion 

d 
gTavel.nd .and 

is la Tger Silty gra v el,. poorly from gra in - ,5 izc AttcrbcTS lim its 

tlratl No 4 
Gray," GM* r--- graded auvcl-s and - silt below "A" lin c, Above "A" line with 

WII~ Fl ••• 
eu rve 

PI between 4 and 
Sielle "ze U m ixturc!!I or Pllc!S than 4 

Depending on 
1 are borderlin c 

appreciable 
p creeD ta Be of fin cs 

cases requiring 

COARSE- amouJllo/ Clayey gravels, poorly Atterberg limits uses of dual 

GRAINED /inel GC graded gravel- sand-clay 
(j'rQ.ction sMaller 

above "A" line, sym bois 
than No 200 s telle 

SOILS m iXlu res or PI grea ter 
size), coarsc-

morethan 
graincd soils He _ D .. 
classified a. c. Greatcr than 6 

halfolmaterlal Well graded sands, 
follows : D", 

is farger tho,. SW gravelly sands, little or no 
(D..I" Ch •• Sand. fin c s Bctwccn I and 3 No 100 Ileve c=---Le ,. t h a. S -;. 

C! DIO xDeo 
litlle or no GW, GP, SW , SP 

S. h d. 
fine s Poorly graded s and s, 

SP gra vclly sand s, lillie OT n u More tha. 12-;. Not meeting all gradatio n 
m ore than requiremcnts (or SW 

hal/o/coaTSI! fin cos GM , GC , SM , SC 

/rQ.ction S,,_to11-/. 
iS3maller d Borderline cases Atterberg lim its 
tll a 11 No 4 Sand. SM" r--- Silty s and s, p o ody gradcd Abovc "A" line with 

requiring use of below "A" lin e, 
sieve size wltb Fin ea sand-silt mixtures PI bctwccn 4 and 

U dual sym bois-- aT PI less than 4 
7 arc borderline 

appreciable cases requ iring 
"mount of Clayey sands , poorly AtterbeTg lim its uses ofdua) 

lines SC gradcd sand -clay a bove "A" lin e, sym bois 

mixturc s OT PI greater 

Inorganic silts and very 

fine sands , rock flour, For labor. tory 

ML silty or clayey fine sand s classfffcation of 

aT cia yey g ilt s with slight 
fine-grained salls 

plasticity 

Sltt. and Clay. 
Inorganic clays of low to 

/iqu id 11m it jJ 
m ediu m p Iii sticity, 

60 
less/hanjO CL gra velly clays, sandy '£ V clays, silty clays, lean 50 

FINE- cia ys V Ct1 ~, 
x / GRAINED Q) 40 "0 

V ,~¥ 
SOILS OL Organic s ilh and organic E 

silt-clays of lo w plasticity ~ 30 r--- -

more titan i3 L CL ry 'iii CHol IMH hGl/o/material .. 20 
i, sm aller than Inorganic silts, micaceous 1[ V Nu 100 ~jf!ve MH or diatom aceou s fine 10 

s andy or s ilty soils , 
iJL 0 ML 

ela s tic s ih s 0 
Silt, Ind Clay. 0 10 20 30 40 50 60 70 80 90 100 

liqu id lim it Is CH Inorganic clays of high Liquid Lim~ 
plastic ity , rat clays 

Krea/I!T Ihan jO 
Plasticity Chart ----

Organic clays of medium 

OH to high plasticity, organic 

silts 

HIGHLY ORGANIC SOILS Pt Peat and other highly 
organ ie s oils 

·D1v"ioo ofGM and SM gTI>UP' ;,oto subdivisions ofd and U fOT Tl>ads and a\rfi~lds only Subdivision \S ba s ~d on AHerb~rg Hmits ~ suffix d u s ed when 

liquid limit is 28 or le s s and the PI is 6 or le s s, the s uffix Uused when liquid limit is greater than 28 

"BoTdeTlillt! classijicaOoll : Soils po ss e"ing characteristics of two groups are designated by combinations o(group sym boh (for example GW-GC, well 
graded gravel-sand mixture with clay biner) 

'---

O:IChartslUscsORIGINAL.wpd RB&G ENGINEERING, INC. 2/5/99 



DRILL HOLE LOG BORING NO. RSB-4-660 
PROJECT: LEGACY PARKWAY· F·747 (LP1 OVER JORDAN RIVER) _. _____ _ SHEET 1 OF 3 

CLIENT: UTAH DEPARTMENT OF TRANSPORTATION PROJECT NUMBER: 200601.104 

LOCATION: ABUTMENT 1; N 350,682, E 51,006 DATE STARTED: _4~/2=..:::5::..::/0:..::::6 ___ _ 

DRILLING METHOD: CME·55 NO.1 I N.W. CASING DATE COMPLETED: ....:4~/2=..:::6""'/O""6 ___ _ 

DRILLER:~T~.~K~E~R~N~ ________________________________________ _ GROUND ELEVATION: ....:4~2..!.!15~.5=!...' __ _ 

Elev. 
(ft) 

4215 

4210 

4205 

4200 

4195 

4190 

185 

10 

15 

AFTER 24 HOURS: .1'. LOGGED BY: 

1,2,1,(6) 

0,0,0,(0) 
0.00 

CL 

CH 
(A-7-6(48») 

ML 

dk brown. moist. soft 

dk. gray. weI. very soft 

II gray. wei. very soft 

Material Description 

LEAN CLAY 
some gravel 

FAT CLAY 
w/shells 

SILT 

Pushed 
0.05 

ML 
(A-4(12») f-1I..:g:.....ra;..y._we_l._ve,.;..ry_so_ft ______________ -I 

Pushed 

CH 

SP 
ML 

(A-4(O)) 
ML 

black. weI. very soft FAT CLAY 

-------------------------
SAND 

gray. wei. very loose SANDY SILT 

1,1 ,1,(3) ML gray. wei. very soft. 3" sand 
0.02 (A-4(O)) layer 

SM 
SM 

(A-4(O) 

gray. weI, loose 

gray, w~1. 100£0 

SILT W/SAND LAYERS & LENSES 

SILTY SAND 

SM [Wim.IQQs~ _____ ___ _ ___ _ ___ __ _ _ 

Pushed 
2,0,0,(0) 

0.36 

CL 

CL 

RB&G 
ENGINEERING 

INC. 
PROVO. IITAH 

gray, moisl. firm, w/sand 
layers 

LEAN CLAY 

LEGEND: ~ '" Blow Count per 6" 
DISTURBED SAMPLE 2.3.2.(16) -(N')6o Value 

0.45 .. Torvane (tsf) 

UNDISTURBED SAMPLE ~.~~~ Torvane (tsf) 

21.6 67 45 0 5 95 

59 68.3 37 10 0 o 100 CT 
UC 

21.8 NP 0 46 54 

21 .9 19 2 0 14 86 

22 NP U oj 41 

OIHERTESJS 
UC = Unconftned Compression 
CT = Consolidation 
DS = Direct Shear 
TS = Triaxial Shear 
CBR = California Bearing Ratio 

= Potential liquefaction 
= Potential liquefaction & 

Lateral Spread 



DRILL HOLE BORING NO. RSB-4-660 
PROJECT: LEGACY PARKWAY - F-747 (LP1 OVER JORDAN RIVER) 

CLIENT: LJTAH DEPARTMENT OF TRANSPORTATION 

LOCATION: ABUTMENT 1; N 350,682, E 51,006 

SHEET 2 OF 3 

PROJECT NUMBER: 200601 .104 

DATE STARTED: ...:l4~/2~5~/O~B ___ _ 

DRILLING METHOD: CME-55 NO. 1 1 N.w. CASING DATE COMPLETED: -'4"-o/2,.,,B""'10""'B ___ _ 
DRILLER: ~T~.~K~E~R~N~ __________________________________________ _ GROUNDELEVATION: ~4~21~5~.5~' __ _ 

DEPTH TO WATER -INITIAL: 'Sl UPPER 5' 

4145 

Pushed 
0..40. 

0,5.7,(11) 
0,49 

Pushed 
0.27 

0,0,0,(0) 
0.43 

CL 

SM 
(A-2-4(G») 

CL 

CL 
(A-6(15») 

CH 

AFTER 24 HOURS: ~ LOGGED BY: 

.2:' 
'iii 

Material Description ~'O 
0.s, 
c:-
0 

85,1 

LEAN CLAY 
gray, moist. firm 

gray, wet, med, dense SILTY SAND 

LEAN CLAY W/SAND LENSES 

gray, moist, firm 

SILTY SAND 

dk, gray, wet. soft LEAN CLAY 
79.2 

-------------------------

dk, gray to black, moist, FAT CLAY W/SAND LENSES 1" 

firm APART 

SM gray, moist, med, dense SILTY SAND 

* ~ 

~ tD 
Ui oS 
I'(J e! 0 

a:: C) 

317 40 21 0 CT 
UC 

26,5 NP 0 79 21 

CT 36.5 34 15 0 3 9f UC 

Pushed CH dk, gray to black, mOIst. 
0..46 (A- 7-6(48)) nrm 83.5 35,3 67 42 0 I 99 CT 

UC 

3,2,6,(6) 
0.69 CH gray, moist, stiff, w/sand FAT CLAY 

lenses 

Pushed CH 
0.,68 (A-7-5(32») gray, moist. stiff 

RB&G 
ENGINEERING 

INC. 
PROVO, UTAH 

LEAN TO FAT CLAY WITHIN SAND 
LENSES 2" TO 6" APART 

LEGEND: ~ .f!. Blow Count per 6" 
DtSTURBED SAMPLE 2,3,2,(6)--(N,)60 Value 

0.45 .. tarvana (Isf) 

UNDISTURBED SAMPLE ~,~~'!.':.-Torvane (lsf) 

37.4 56 30 0 6 94 

OTHERTESIS 
UC - Unconfined Compression 
CT = Consolidation 
DS = Direct Shear 
TS = Triaxial Shear 

= California Bearing Ratio 
= Potential liquefaction 
= Potential liquefaction & 

Lateral Spread 



DRILL HOLE LOG 
PROJECT: LEGACY PARKWAY - F-747 (LP1 OVER JORDAN RIVER) 

CLIENT: UTAH DEPARTMENT OF TRANSPORTATION 

LOCATION: ABUTMENT 1; N 350,682, E 51,006 

DRILLING METHOD: CME-55 NO.1 / N.w. CASING 
DRILLER: ~T~.~K=E~R~N _________________________________________________________________________________________________________ _ 

DEPTH TO WATER - INITIAL: 'Sl-

Elev. 
(ft) 

4115 

AFTER 24 HOURS: Y. 

Material Description 

CUCH gray. rroisl. firm 

BORING NO. RSB-4-660 
SH 3 OF 3 

PROJECT NUMBER: 200601.104 

DATE STARTED: -'4""'/2""'5""'100.:::.6 _______ _ 

DATE COMPLETED: -'4""'/2""'6""'/00.:::.6 ___ _ 

GROUNDELEVATION: ~4~2~15~.5~' __ __ 

LOGGED BY: 

i?;o ~ 1ii 

~E 
CII 
I-

~ 
... 

"0 CII 
~ ·s ti -5 
0 tT <11 ~ 0 

::J a:: (!) 

LEAN TO FAT CLAY WITHIN SAND 
LENSES 2" TO 6" APART 

110 

105 

4100 

4095 120 

4090 
125 

4085 
130 

135 

140 

145 

Pushed 

SM gray, wet, med dense 

SM 
(A-2-4(O») 

RB&G 
ENGINEERING 

INC. 
PROVO. UTAH 

SILTY SAND 
dk gray, wet, med. dense 

DISTURBED SAMPLE ~ 2,3,2,116) _ r~~~oCs~~~per 6" 
0.45 .. Torvane (tsf) 

UNDISTURBED SAMPLE PUSHED 
0,45 .. Torvane (tsf) 

26.7 NP 3 71 26 

OTHER TESTS 
UC = Unconfined Compression 
CT = Consolidation 
DS = Direct Shear 
TS = Triaxial Shear 
CBR = California Bearing Ratio 

= Potential liquefaction 
= Potential liquefaction & 

Lateral Spread 





1280 

1275 

1270 

1265 

Boring: Sa- 1-243 
Sheet 1 of2 

- stiff. gray 

- medium stiff 

SAMPLE DESCRIPTION 
(ASTM D 2488/0 2487) 

_ some black coloring. trace of nne sand 

- medium stiff, occasional gray coloring 

- stiff 

- 50ft. some gray coloring, some sand 

Depth 

It 

2 2 

2 3 

p 

LLU .lLlJ 
J.I. J.I. .l J.l.1 
, , " II II 1 ... ___ _ 

III I 
fir 

1111 
1"11 

53 

20 -H-H- 24 

UU JUL 
·0 _' .l J.l ll_ll 
"' 1111 --in 'Til 

rn 6 "If 
H1 
UU 
.lJ.l. 

-H-H­
UJ- 29 

"' nn 
.lH1 
I " I 
inl 
11"11 

-H-H 
LlU .lLLJ-
1_11.l .lJ.l.J 

'"' "" flTi ITil 
rrn -Inr 

I I I 

57 

9.2 69 51 20 

33 44 23 

pH 
WSS 

R 

C 
SG 

Legacy Parkway - Preferred Alternative 
1-215 to 1-15/US 89 Interchange 

III KLEINFELDER 
Project No. 35-816:l..Q5 

FIELD TEST BORING LOG 
Boring: 58-1-243 
Sheet 1 of 2 

logged by: 

Datil Sialt 
DatIl F'tnish: 

J. Cn.. 
3/1/00 
313100 

Station: 58+220.478 1.99 RT 
Line: 1-215 ID LP SB 
Coordlnales (m): N 10&,937.510 E 15,489.756 
Elevation (m): 12lU.471 
Total Depth Drilled (m): 38.4 
DriD Contractor. HIIZ-tech 
Driller. R. Knott 
RIg Type: CIIIE-85D 
DrillIng Method: Mud Romry 
Hammor Type: Automatic 
RadType: NW 
Boring Diameter. 121 mm 

LE;GEND/NOTES 
Elevations based upon North Amencan Vertical DalUm 01 

1988 (NAVD '88) 

Coordinates are NAO '83 

41. = Observed Groundwater depth at Umo of dniling 

Blows = Number of blows ""IUm ItI dnve spilt spoon 
sampler 150 mm or interval shown 

uses = Unified soa Ciassificabon System 
AASHTO = Amencan Association of State Highway and 

Transportation Officials 

:z See Key to 5011 Logs far lISt of abbreviations 

and description. 01 tests 

SAMPLE TYPE 

~ SFT = Slandard Penetration Test, l4.9mm 10 and 
SO.8mm 00 split spoon sampler 

I MC : Modified CaUfomia Sampler. SO.8mrn 10 and 

63.5mm 00 split spoon sampler 

EI P : P"lStan Sampler. 762 mm 00 

[] SH = Shelby Tube. 762mm 00, pushed 

~ BAG = Bulk Sample 

PLATE 8-1 
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Bomg: SB- 1·243 
Sheet 2 012 

SAMPLE DESCRIPTION 
(ASTM 0 248810 20187) 

Lean CLAY - soft. wet. black (conbnued) 

- very soft. gray 

Test Results • 
.3 SAMPLE UPT INJ. f-........ --.---.r--_:-r-,......-r-""'!!l=--I 

Depth .. I---r-:~----:~-"'T"""-----l :. S ~..! E Z" gt C II! 
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I! !. >E Classification N,Blowspertl.15 •• , ~ n :.! c 3 -a ~,.. c: ~ 0 CIJ 

o ~ J.! uses AASHTO (or Intarnll shown) 0 ~ :is rn ~ E :i ::j a: - ~ Z S It m 
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Legacy Parkway - Preferred Alternative 
1-215 to 1-15/US 89 Interchange 

III KLEINFELDER 
Project No. 35-8163-05 

FIELD TEST BORING LOG 
Boring: S8- 1-243 
Sheet 2 of 2 

Logged by: 
Date Start 
Date Finish: 

J.Cri .. 
3/1IOD 
313/00 

Station: 
Une: 

58+220.478 1.99 RT 
1-21510 LP S8 

Coordinates (m)' N 10&,937.510 E 15,489.758 

Etavation (m): 12M.47& 
Total Depth Drilled (m): 38.4 
Orin Contrador: Haz-lKh 
OnUer. R.Knott 
Rig Typo: CME-850 
Onlfing Method: Mud Rolaly 

Hammer Typo: AlItnnuItIr. 

Rod Typo: NW 
Boring Diameter: 121 mm 

LEGEND/NOTES 
E1evatfortS based upon North Amencan Vertical Datum of 

1988 (NAYO '88) 

Coordinates are HAD '83 

5l = Observed Groundwater depth at bme 01 drilling 

Blows =- Nwnber of blows raqund to dnve split spoon 
sampler 150 mm or Interval shown 

USCS = Unified SoD etas_bon System 
AASHTO = American Associabo. of Slate Highway and 

Transportation 0tIiaa1s 

= See Key to Soil Logs for list of _iabons 
and desaiptions at tests 

SAMPLE TYPE 
~ SPT = Standard Penetrabon Tes~ 34.9mm 10 and 

SO.8mm 00 spl~ spoon sampler 

I MC z Modified Califomla Sampler, SO 8mm 10 and 
63.5mm 00 sprd spoon sampler 

EI P = PISton Sampler, 76.2 mm 00 

[] SH = Shelby Tube, 76.2mm 00, pushed 

~ BAG = Bulk Sample 

PLATE 8-2 



SItt;: SC-1 -244 
Station: 53+239 .780 0.93 RT 

Cone: 20 Tor"-l A v58 
Date: 02:23:00 10:46 

,
CV,,,cE [iHJ : ~ Legacy Parkway L-__________________________________________________________________________________________ ~ Elevation: 1 284. 1 82 
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Sity 00)' 

Sit 

Clo),e), Sit 
Sit 
Sandy Sit 
Sit)' Ooy 

... _ .• ..; ....... .. _1 S"""itive F'n .... 

Sit 

Sensitive r .... ss 

ea_Il .. ·· .. ··· .. 1 Sit 

Sen8itive F"'ntrSl 

CIaye)' Sit 
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Sandy Sit 

Stinsitive F"'~es 
Sand)' Sit 

Sand)' Sit 
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Sandy Sit 
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Sand)' Sit 
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~r~~ 
Ooyey Sit 

Sit 

$Qo,dy Sit 

SBi: S()~ BellO. i.::or Type (Rob",,·tson 1 9 gO) 
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Site: SC-1 -244 

• ~ Legacy Parkway Stat ion: 58 +2 39.780 0.9.3 RT 
Cone: 20 TON A 058 
Date: 02 :23:00 10:46 I£ONE~ /1.llj 

~--------------------------------------------------------------------------------------------~ 
Elevation: 1284 . 182 
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SST: Soij Behavior Type (Robertson 1 9 gO) 
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• ~ Legacy Parkway 
Site: SC- 1 -244 
Station: 58+239.780 0.93 RT 
Elevaticn: 1 284. 1 82 

Cone: 20 TON A 058 
Dote: 02:23:00 10:46 ICONE~IRII L-________________________________________________________________________________________ ~ 
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SBT: Soil Behavior Type (Robertson 1990) 
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Site: SC-l -245 

: ~ Legacy Parkway Station: 58+27 7. 957 5 .45 RT 
Cone: 20 TON 
Date; 02 :03 :00 

..192 
13:27 lice ~~II HIIU-I Elevation: 1286 . 107 L-______________________________________________________________________________ ~ 
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SOT: ::-; :: [ !8ho··,·ior Typa (Roben~·.:-:; 1 9 gO) 

• Equilibrium (or near) h xe Pressure from Dissipation 
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FONE~ /111/ Legacy Parkway 
Qt (kPa) Fs (kPa) 

Site: SC-1 -245 
Station: 5E+277 .957 5.45 RT 
Elevation: 1286.107 

Rf % 

Cone: 20 TON A 092 
Date: 02:03:00 13:27 
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SBT: Son Behavior Type (Robertson 1 9 go) 

• Equilibrium (or near) Pore Pressure from Dissipation 
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at (kPa) Fs (kPa) 

Site: SC-1 -245 
Station: 58+277.957 5 .4 5 RT 
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SST: Soil Behavior Type (Robertson 1 990) 

It Equilibriurn (or near) Pore Pressure from Dissipation 
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f-1285 

I-

t--

1---1280 

Boring: sa- 1-246 
Sheellof3 

SAMPLE DESCRIPTION 
(ASTM D :z.&88ID 2487) 

FILL: Silly SAND WIth gl3Vel 

Lean CLAY -medium sbfl. molS~ dark gray 

~ same as above 

Silty SAND • dense. moist. olive-gray 

Silty CLAY. very soft, moISt. gl'ily 

Test Results • 

j SAMPLE UPT IN,). _ i ~ .. - -e 
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Legacy Parkway - Preferred Alternative 
1-215 to 1-15/US 89 Interchange 

11'1 KLEINFELDER 
Project No. 35-8163-05 

FIELD TEST BORING LOG 
Bonng: 58-1-246 
Sheet 1 of 3 

Logged by: 
Date Start: 
Date Finish: 

R.Y_ 
2/21/00 
2/24/00 

Sla1Jon' 51+29.&.659 .. 26 RT 
line: 1-215 to LP SB 
Coordinates (m): N 106.999.839 E 15.530.064 
Elevation (m): 1285.&65 
Total Depth Drilled (m): 40.2 
DrIll Contractor. Haz-todl 
Driller. R. Knott 
Rig Type' CME-IIliO 
Dnlling Method: Mud Rotary 
Hammer Type' Automatfc 
Rod Type: NW 
Boring Diameter. 121 nun 

LEGEND/NOTES 
Elevations based upon North Amencan Vertical Datum of 

1988 (NAVD '88) 

Coordinates are NAD '83 

Yl • Observed Groundwater depth at tlme of dnlUng 

Blows = Number of blows noquired to dnv. sprot spoon 
sampler 150 nwn or Interval shown 

USCS = Unified Sod Classific:abon System 
AASHTD. American _ of State Highway and 

Transportation 0tIicIals 

= See Key to Sci Lags lor list of abbreviations 
and descriptions of tests 

SAMPLE TYPE 

~ SPT = Standard Penetration T .. ~ 34.9mm 10 and 
50.8mm 00 split spoon sampler 

I MC = Modified Carlfarnia Sampler. 5O.8mm 10 and 
63.5rrm 00 split spoon sampler 

IB P = PISton Sampler. 76.2 nvn 00 

rn SH = Shelby Tube. 762mm 00. pushed 

~ BAG = Bulk Sample 

PLATE 8-9 



Ba""9: sa- 1-246 '" 
Test Results • Legacy Parkway - Preferred Alternative 

SAMPLE 
c: Sheet 2 013 .!l .SPT IN,)" . i i~ ~ '" 

.. 1-215 to 1-15/US 89 Interchange 
0 SAMPLE DESCRIPTION Depth :E i~ ~" .Eg OJ 

::.is OSPTIN,I. IL" g ~ ::::; .. 
IH (ASTM D Z488ID 2481) 

<:' Soil ..... ~~ !~ I- KLEIN FELDER 
:>- ... . .- ClassiHcation N, Blows por 0:,5 m (Gratar than 50 Blows) .., 

lii .. I! ... :>E ~: c ... Ci "5 I.E II. 0 

iii It m CJ ?: BE (or Interval shown) "'j :i .,. iL ,...Z 5 .- uses AASHTO ~ :il & ::::; Project No. 35-8163-05 
tr: 0 .. =-

Silty CtA Y - medium sliff, moISt, gray - '-- SPT 610 CL-ML A-6 0 0 5 9 I , I , I . , 
- 1265 

- = JUt FIELD TEST BORING LOG - J-~U - 21 - = 10- Boring: 58-1-246 
- - = HU JUt - 22-, 

~ 
Sheet 2 of 3 

- 1111 II I I 
I-

- ~ 
·strfl 

75- 23-
~ SH 610 nn -inr 85 14.2 34 31 17 C Logged by: R.y .... 

-
- 77 SG Date Start 2121/00 

r - r= o.te Anish. 2IZ4/00 

- 24 - t= rrrr -rrrr Station: 58+294.659 4.26 RT 

80- r= lule: 1-215 to LP SB 

"" - HH -H-H- CoarUinates (m): N 106,999.639 E 15,530.064 - 25-
~ - Elevabon (m): 1285.665 

-1260 - = J-L J.. JUJ- Total Depth Dnlled (m)' 40.2 

• very stiff 
85- 26 - SPT 610 7 13 18 Orin Contractor Hn-taeh 

- = 2 

- 1-'- _-'- JUt Onller. R. Knott 

r -- 21 - - RIg Type: CME-650 

- = II I I 1111 
Dnlling Method. Mud Rotary 

-
90- = 

Hammer Type· Automatic 
-
- 28 - ------ -inr RcdType: NW 

- = I " I 
Baring Diameter. 121mm 

I- :--

Poany Graded SAND - mOISt gray 
95- 29 -~ SH 610 SP A.J rrrr -rrrr LEGEND/NOTES -

I-
-

K 
Elevabons based upon Narth Amencan VertICal Datum of - HH -H-H-- 30- 1988 (NAVD '88) 

I- 1255 lean CLAY - medium stiff, moiSt, gray 
100- SPT 610 CL A-6 0 3 5 1 nu -~UJ- Coordinates are NAO '83 

- ~ - 31 - II • Observed Groundwater depth at bme of driIDng 

I- - ~ JJH JUt Blews -= Number or blows requintd to dnve spDt spoon 

- very stiff 
105- 32 -~ 

SPT 457 7 14 15 26 2j II I 
sampler 150 mm or intervaJ shown 

- = 1111 I- - uscs = Unffied Soil Classlficabon System 

- 33 - =i nri -inr AASHTO. Amencan Assaciabon of Slate Highway and 

-
~ 

Transportation OfIiciats 

- Poorty Graded SAND WIth gravel - medium dense, moist, "ray 
110- SPT SP B 13 25 - A.J 3 ,. = See Key to Sad Logs for list of abb"'Ylations 

- 34- nn -rrrr and desaiptions of tests 

~ 
-- - HH ~~H-H- SAMPLE TYPE 

Lean CtA Y - very stiff, moist. gray, with trace of sandy gravel 
115- 35-

SPT CL 13 21 7 - ~ 
M 9 2. 

~SPT 
1- 1250 UU -~H~-

= Standard Penetration Test. 34 9mm 10 and 

- 36 -~ 
SO.8mm 00 spilt spoon sampler 

- R IMC = Modified car.lomta Sampler, 50.8mm 10 and 

I- 120-
SH 610 JJU JHL Poony Graded SAND - loose, wet, brownlSh-gray - 37 - SP A-3 

63.5mm 00 split spoon sampler 

- SPT 610 3 3 5 i4 ! I I " I 
EjP = PISton Sampler, 76.2 mm 00 

I-
-

125- 38 - I II I -iH,'" 7 
[l] SH = Shelby Tube, 76.2mm ~O, pushed 

- dense - SPT 0 30 32 36 

I-
39 - nn -rnr ~ BAG = Bulk Sample 

-- 130-
SPT I' \ I I I I I 

PLATE 8-10 



Bonng: Se- 1-246 CD 
Test Results • Legacy Parkway - Preferred Alternative 

e Sheet 3 of3 0 SAMPLE ,.5PTIN.1. ~ft 
0 

-' .. It 
!~ ~ 

l:-
CD 1-215 to 1-151US 89 Interchange 

;;e SAMPLE DESCRIPTION Depth .!! (lSPf(NJ. ... ,. 
5~ i :: 12 HI (ASTM D 2488/0 2487) 

.c: i:' Sod "'.s KLEINFELDER 
~-

a. .. .- ClauHlcation N. Blows por 0-15 m (G,...rth_n 50~) 

uri 
." ]:S :. 0 ~ 0. ~e Q", 

~ '5 
iii ft m 0 {: Se (or Interwl shown) 

~ 
i:' 

.,. ... ~z .- uses AASHTO ... • ::. Project No. 35-8163-05 
0: .. N Q 

• very dense - - 407 24 40 45
1
::' I r I ! I I, 

-1245 
-' 'UH -LU~- FIELD TEST BORING LOG -

135- 41 -

- UH JUt 
BDring: 58-1-246 

-
42 - Sheet - 3 of 3 

- 1III IIII 
f- 140-

- 43 - . -- - --
-ITIT 

Logged by: R. Y."", 

- III Date Start 2/21/00 

'-
- Date Anish: 2/24/00 
-

145-
44- --rrr -rrrr Station: 5&>2",,_&59 4.25 RT 

- Uno: 1-215IDLPSB 

f- - HH -H-H- Coordinates (m): N 106.999.&39 E 15.530.054 

- 45-
Elevaoon 1m): 1285.665 -

-1240 150- HH -~U~- Total Depth Dnlled 1m)· 40.2 

- 46 - DnUContrador. Haz-tach 

-
J.lLl .IJJJ_ 

Driller. R. Knott 

:- - Rig Typo: CME-8SO 
- 47 -

155- IIII 1111 
Dnliing Method: Mud Rotary 

- - Hammer Type; Aulu .... Uc; 

- 48- nn Rod Type· NW 
- I III Sonng Diameter: 121mm 

f- 160-
- 49 - rrn -rnr LEGEND/NOTES -

f- - HH -H-H-
Elevations based upon North Amanca" Vertical Datum of 

- 50- 1988 (NAVD '88) 
165-

f- 1235 - UH -~U~-
Coorthnates are NAO '83 

- 51 - .ll = Observed Groundwater depth at time of drlJrmg 
-

r- - ULl JLlJ. Blows • Number of blows IeqU,red to dnve spl~ spoon 
170- 52- sampler 150 mm or Interval shown 

-

r-
- II I I 1111 uses ~ Unified SoH Classilica_ System 
-
- 53- ni"! -ii"IT 

AASHTO = American AssociatIon of Slate Highway and 

175-
TransportaOCn OtIiaals 

~ - . = See Key to Soil Logs tor lsi of abbroviadons 
- 54- rrrr -rnr - and descriptions of tests 

-- 160- 55- HH -H-H- SAMPLE TYPE 
-

1-1230 
-

HH -~Hj-
~SFT = Standard Penetration Test. l4.9rrvn 10 and 

-
- 56 -

5O.8mm 00 spilt spoon sampler 

f-
185- _.l J.l _U.lL IMe = Modified earrfoml. Sampler. SO.8mm 10 and 

-
- 07-

&3 Smm 00 spl~ spoon sampler 

- 1111 1111 E1p = Piston Sampler. 76.2 mm 00 

f- -
190- 58 - rn SH - 1/ 11 1/11 = Shelby Tube. 76.2mm 00, pushed 

-
f- -

59 - rrn -rrrr ~BAG - = BulkSampie 

195-
r- - I I: I I I I I 

PLATE 8-11 



Bonng: SI!- 2-247 Test Results • Legacy Parkway· Preferred Alternative 
to SAMPLE Sheet 1 of 3 0 eSPTtNJ. ~" 11 1·215 to 1-15/US 89 Interchange c: oJ 01 

~ SAMPLE DESCRIPTION Depth u . ~ ~ .. !2 OSPT(N,)" "- i!! E :; 

IH ~g :c ~ Soil '" .!! .. KLEINFELDER (ASThI 0 248a/O 2487) 0. .. .- Classlncatlan N, Blows par 0_15 m 
(Gn __ 50 Slows) ·z -.; ... :s ;~ .. co I! 0. >E ~ Q", "0 0.. 0 

W It m ., 
~ ¥! lor IntarIaI.hawn) 

:ii 
.. 

~ ::;; rr 0.. ... Z 
uses AASHTO co 

.. Q 
:; Project No_ 35-a 163-05 

0: .. 
FILL Poony Graded GRAVEL WIth sand - dense. mo .. ~ - SPT 510 GP A-l ... 7 10 7 7 i I I I '.", I 

yeUowish-brown JJJJ JUL FIELD TEST BORING LOG 
I- 1 -

5- nn .tUL 
Boring: 58-2-247 

- very dense - SPT 381 9 18 18 22 pH 
t- 1285 - 2- WS5 Sheet 1 of 3 

- X IIII IIII R 

t- 10- 3-~ -- ---- -inr l.ogged by: J.~.k 

SILT - very soft, we~ yeODWish-brown - SPT 152 Ml A-4 0 1 1 1 .~ I I I Date start: 1123100 

- 4-~ 
lla1e ,,"lnish: 1~0 

I- - nn -rnr S1atIon: 600~221.''''9 19.91 LT 
- Une: OMAINUNE 15-

Lean CLAY - medium sbff, wet. gray - 5-r= 
5H 510 CL Mi HH -H-H- 13.7 34 C Coordinates (m): N 10&,91 ... 589 E 15,501.%90 

t- 34 5G -
~ 

Elevallon 1m): 128&.873 
- JJLL .LUt ToI3I Depth Drilled 1m): 43.1 

t- - 6-~ Dnli Contractor. liu-t8ch 
- very soft 

20- SPT 0 0 0 0 DLlLl - f--

JUt 
Driller: C.Petenon 

- f-- Rig Type: CME-75 
r- 128O - 7-:= Oril6ng Method: Mud Rotary - ~ IIII IIII 25- H 

Hammer Type: Automatic 

I- -medium stiff - 8-~ SH 610 48 48 24 Rod Type: NW nn -,Hr 24 -
~ 

BoringOiameler. 121 mm 
-

t- - 9-= n1~t -rnr LEGEND/NOTES 
-.1lI! 

30-
SPT 510 9 9 3 2 - ~ - HH -H-H-

Elevations based upon North Amencan Vertical Datum of 

- 10-= 1988 (NA YO '88) 
- - Coordinales are HAD '83 35- - ~.L J.l JUL - 11-= 

SH 564 'l = ObseNed Groundwater depth at _ 01 dnlPng 24 -- = J_U.l JUt Blows = Number of blows reqUired to dove split spoon 

- 1275 - 12-= sampler 150 mm or Internl shown 

• so11: 
40-

SPT 610 0 1 2 3 i'l II IIII -
= 

uscs = Unified 5001 Classificabon System 
- AASHTO = Americ:on Association of 51ale Hoghway and 
- 13-- -- - - -- -inr - = IIII Transportation OffiCials 

45-
14-= 38 159 23 - = See Key 10 SoU logs for Jist of abbreviations 

-mediumstitf - SH 610 nn -rnr and descriptions of tests 
- = 

43 

-
15-= HH -H-H- SAMPLE TYPE -

50- - SPT 510 0 3 3 6 e. ~SPT -
15-~ HH JUJ-

:. Standard Penetratton Test, 34.9mm 10 and 

SILT - medium sill!. wet. gray - ML A-4 SO.8mm 00 split speon sampler 
-

IMC = Modifted Galiloml. S .... plor. SO.Bmm 10 and - UU _1.1.1.1. r-1270 
55- 17-~ 63.Snvn 00 sprd spccn sampler 

- E1p = Piston Sampler. 76.2 mm 00 - ~ IIII IIII -
18 - ~ - nn TUr IIl SH = Shelby Tube. 76.2mm 00. pushed 

Lean CLAY - stiff. we~ gray 
60- ~ SH 564 CL A-5 156 28 C - 62 5G - 19 ~ nn -rnr ~BAG = Bulk Sample -

~ -
65 - I-- , I I I ! I I I 

PLATE 8-11 



Boring: Sa- 2-247 
Test Results • Legacy Parkway - Preferred Alternative .. SAMPLE Sheet 2 013 a esPl (N,) • .. i ift ~ 

.! 1-215 to 1-15JUS 89 Interchange ...I ! ~= 
.. .. 

§: 
SAMPLE DESCRIPTION Depth .!! OSPT (N,). .. ~ :! E 

.:g " IH <: ~ SolI ..... i~ :: ~ ... KLEINFELDER (ASTIo! D 2488/D 24I7J Q. . .- N, Blows per 0.15 " (Gnlater than 50 BlOWII, ~z .., -.., 
~ 

e Q. >E Classification Ji ... ~ '3 !.E Go 0 " It m " ~ Be (or intarvalshlWn) 

:i. 
~ 

a Q. ..,Z .J:: .- uses MaHTO l!l ! :::i 5 Project No. 35-8163-05 

'" .. Q 

Lean CLAY· wet. gray (continued) = r I I I I I I I 

-- = HH -~Hj- FIELD TEST BORING LOG 
- 21 

_ soft, with frequent layers of silt to 50 mm 
70- = SFT 610 1 2 2 2 tlLl JUL 

Boring: S8- 2-247 
-

-1265 - 22 = Sheet 2 of 3 
- ;= IIII 1111 -

75- 2:l 1= nn -rnr Logged by: J.Rajek 
-

~ 
DatIl Start: 112:Il00 -

-
~ 

DatIl Finish: 1/24/00 

- 24 nrr 'rnr Station: 6002+221.149 19.91 LT 
80- ~ SH 0 Una: DMAINUNE - r-- HH -H-H- Coon:linates (m): N 108,91~589 E 15,501.290 - 25-

.. medium sbfT - r-- SH 584 Elevation (m): 1288.873 

1= 34 - HU .~U~- Total Depth Drilled (m): 43.1 
85- 26 1= DriD ContracIor. HIIZ-toch -

- 1= LlLl JUL Driller: C. Patarson 

1-1250 - 27- r-- RIg Type: CME·75 

- r-- Orlmng Method: Mud Rotary 
90- r--

SFT 610 2 1 1 1 .1 II I 1111 Hammer Type: Automatic 
.. very soft - r--

- '8 -
'-- nn -rnr Rod Type' NW 

- 1= Boring Diameter 121mm 

- r--
95- 29 - 1= nn -rnr LEGENDfNOTES -

- ~ EllMIIions based upon NOIth Amencan Vorlical Datum 01 
r - 30-~ HH -H-H- 1988 (NAVD '88) -

.. medkunstiff 
100- 1= SH 559 UU -U-L j-

Coon:llnates are HAD '83 -r - 31 - r-- 77 '¥ = Observed Groundwaler depth at time 01 dniling r--- 1= J.l.Ll JUL Blows = Number of blows required to drive split spoon -r- 1255 105- 32 -~ 
sampler 150 rnrn or Interval shown 

- III I 1111 - = USCS • Unified SOU CJassiIication SySlem 

I- - 33 -
I~[n -ITIT 

AASHTO = Amoncan AssociatIon 01 State Highway and 

- - T~rtation 0IIiaa1s 
110- -

- medium sbff. 150 nun sand layer - = SFT 610 3 2 8 20 . 
:::I See Key to Soil Logs for list of abbreviations 

r 34- nrr -rnr - r-- and descnpUons of tes1s 

r--
l- llS- 35-1= HH -H-H- SAMPLE TYPE 

- ~ 
U-.~ -~H~-

~SFT :. Standard Penetnlbon Test. 34.9mm 10 and 

I- - 36 - l= SO.Bmm 00 split spoon sampler 

- r- IMC = Modified Califomia Sampler, 50.8nvn 10 and 
120-

~ JJ. -'- ~.J.I. L )-1250 Silty SAND • medium dense, we~ gray - SFT 610 SM A-2-4 7 17 18 30 63.5mm 00 split spoon sampler 
37 --

II I II f I EjP = Piston Sampler, 76.2 mm 00 

I- 38 -~ [l] SH 125- Ii I 1111 - = Shelby Tube, 76.2mm 00, pushed 
- very dense 

~ 
SFT 610 9 32 42 42 

I- 39 - n--r -rrrr ~BAG - ~ 
= Bulk Sample 

I-
130-

SFT I I· I I I I 

PLATE 8-12 



8onng: 58- 2-247 
Test Results • Legacy Parkway - Preferred Alternative 

'" SAMPLE 
c Sheet J DIJ 0 eSFT(N,J. i" 

.l! --' ,; e co 1-215 to 1-15/US 89 Interchange 
0 SAMPLE DESCRIPTION Depth u .. 1:- c .. 
';e OSFTIH,),. ~ ~ E ~ :J :2 :: 

-= " IH (ASTM 0 2488/0 24U) 
:c ~ Sod I- KLEINFELDER 

>- "- " ,,- Clas.ification N, Blows per 0.15 n IG ... terthan 50 Blows) t!~ ~;t " -" c. ~ .. \! "- >E ~ "3 !.5 .. 
iii II m 0 ?: ¥.5. (or intel'Viilll shown) 

~ 
'" ~ ::i ... IL .. 5 USCS MSHlO on :J Project No. 35-8163-05 

a:: e- N Q 

Lean CLAY - vary sbtl. we~ gray, some 6ne-gralned sand - ~ 610 CL A-6 6 12 22 35 I I I I r , I 

l-
I-- HH -~UJ- FIELD TEST BORING LOG 

Silty SAND ~ very dense. wet. gray, fino--gralned wrth layers of lean day 
135 - 41 -. >, 

SPT 610 SM A-2-4 9 36 ,12 501 Boring: S8- 2-247 -- 125m " Ll.Ll JUJ. I- 1245 - 42 - Sheet 3 of 3 

- 1111 I ~ II 140-
SPT 451 9 2Z 32 

I- - dense - 4J -: ---~-- Logged by: J. Rajek 
~ , III IIII Oat. Start: 1/23/00 

- Date Firnsh: 1/24100 
I- - 44-

145- --rn -rnr Station. 6002+221.649 19.91 LT 

Une: DMAlNUNE 

I- -
45- ~-H-~ -H-H- Coon:llnates (m): N 106,914.589 E 15,501.290 

- Elevation (m): 1286.873 -
I-

150- UH -~HJ- Total Depth Drilled (m): 43.1 

- 46- OnUContrildor: Haz.obK:h 

- LlJ_l J.JJL 
Driller: C. Peterson 

-
1--1240 - 47 -

RIg Typo: CME-75 

155 - IIII IIII 
Drilling Method: Mud Rotary 

- Hammer Type Automatic 

I- - 48- Rod Type' NW 
- IIII II II 80nng Diameter 121mm -

I-
160-- 49 - nn -rnr LEGEND/NOTES 

I-
- HH -H-H- Elevations based upon North Amencan Verbc.al Datum of 
- 50- 1988 (NAVO 'S8) 

165-

HU -~U~-
Coordinates are NAn '83 

I- - 51 - ~ = Observed Groundwater depth at bme of dnlling 

- J_lLl .I.Ll.L BlOWS = Number of bkJws requKed to dnve spUt spoon 

I- 1235 170-
52 - sampler 150 nvn Dr Interval shown -- IIII IIII uses = Unified SOtl Classificabon System -I- - 53 -

AASHTO = Amencan Assoaation of State H'9hway an<! 

175- IIII IIII Transportation Offiaajs 

I-
- - = See Key to SoU Logs fnr list of abbntvlabons - 54- nrr Tnr - and descnptions of tests 

-
I- lS0- 55- HH -H-H- SAMPLE TYPE 

-
- ~SPT z Standard PenetratJc:m Test. 34 9mm 10 and 

I- - --~--~ -~UJ-- 56 -
SO.Smm 00 split spoon sampler 

IS5 -

LL.l JUt IMC = Modified Cah'omia Sampler. SO.8mm ID and 
-

1-1230 - 57 -
53 5mm 00 sprrt spoon sampler 

- : II I IIII EjP = Piston Sampler, 76 2 mm 00 
-

I- 190- 58 - ------
[] SH - IIII IIII = Shelby Tube, 76 2mm 00, pushed 

-
I- -

59 - nn -rrrr @JBAG - = Bulk Sample 

195 -

I- - I I I I I I I I 

PLATE 8-13 



Test R~sults • Legacy Parkway· Preferred Alternative 
Boring: SB- 3-248 "" SAMPLE 

i~ i "" .l!! 1·215 to 1.15/US 89 Interchange 0 • SPTIN,)" .. ~ Sheet 1 of 3 ..J ! ];-

"!~ 
.. 0:: .. I1. c 11 e :J :2: {!!. 10 KLEIN FELDER 

0 SAMPLE DESCRIPTION Depth o SPT(N,) .. ~;;o ~I 
:;: i:' C_~ft N.BlowsporO.1S n (G ... abtf'than 50 Blow.) 

..... 
!~ ." -." .. . ... (ASTM 0 248810 24B7) a. . .- :!I" 

~ "S ';5 11. 0 " \!! co. >e (or Intal'Villlihown) "'I ... ;;02 6 " It m C! ~ Be 
\!: 5 

i:' ::; 11. 
Project No. 35-Bl~ iii .- uses MSHTC c 0: c 

I I I I I I I 
FIll: Poorly Gtaded SAND with grovel - WIth cabbies 10 75 mm - ~ UU JUt FIELD T~ST BORING LOG - BAG - 1 - ~ Boring: S8- ~-248 I- -

~ _IJJ.l JEt 5- SPT 0 Sheet 1 of 3 - 2-~ f- 1285 III 1111 - ~~ ------ -rnr Logged by: M.tv. .. 
10- 3-

SPT 9 B 7 10 I 1-t'31 Date SIart: 1121/00 f- ~~ 51 - medium dense -
Date Fmish: 1I24l00 -

Lean CLAY - wet. olM!-gray - 4-t= CL A-7-6 nn -rnr Station: 1002+288.197 14.78 LT 
- Una; DMAINUNE 

15- r= SH 0 HH -H-H- Coordinates (m): N 108,961.761 E 15,5AS.213 - 5-~ pH ElevatIon (m): 1287.035 - P 610 39.9 - medium stiff - t= UH JUJ- 3B 'IVSS Total Depth Drillod (m): - R Drill Contrador. Layne Chrtstenson 6 - t= f- 20-
SPT 610 1 0 1 o It, Diller. S.Church - t= ULt Jut Rig Type: Mobll.B-BO -- 7 - 1= Orll&ng Method: MudRolBIy f-1280 - 1111 1111 Hammer Type: Automatic 25- 1= 12 11.7 ~9 47 23 C Rod Type: AW P 356 

TR - soli, black - B t= nn -rnr 14 
BonngOlameter. 133mm f- - SG - t:: - 9- '--- 1~~n -rnr LEGEND/NOTES f- 30- ,..-- MC 2 1 10 17 
EJevatloI1$ based _n North Amencan Vertical Datum Gf -

~ 
SM A-2-4 Silty SAND - loose. mOist to wet, gray -

10- HH -H-H- 1988 (NA'!D '88) -r- - CoordJnaleo are NAD '83 
35- _iJU JUL SV 

~ = Obsel'led Groundwater depth at lime 01 drilling - 11 - ~ 
P 254 

f- - tUJ JUt Blows :z Number of bloWs requU'8d to drive spfrt spoon 

~ 
sampler 150 mm or 111_ shown 

f- 1275 40-
12 

II II = Unified Soil Cluallica\lOn System SPT 3 4 '6 I' i I T'T uses ~ medium dense 

~ 
AASHTO = Ametita. AssodatJo. Gf State Highway and 

13 ---- -- TITI- Transportation 0Ifici0Js f- ilII . = See Key to SolI logs fIIr Ii$I of abbnMaIIons 45-
14 - P 406 ML A-4 rn -rnr and desaiption. of tests Sandy SILT -I- - / .. 

:/ - .. ;C ,--H -H-H- SAMPLE TYPE - 15-~ f- 50-
SPT CL-ML A-6 2 2 2 3 .2 ~SPT z Standatd Penetrotion T .. ~ 3<0.9mm 10 and Silly CLAY - very soft, we\, obve 

- = UU -lLLL SO.Bmm 00 split spoon sampler 
f- - 16 - = IMC = Modified CalifamJa Sampler. SO.Bmm 10 and - = HH _lEt 6J.5mm 00 splft spoon sampler 55-
1-1270 - 17 - ~ 1111 ElP = Piston Sampler, 76.2 mm 00 - I ! II - i= 
f- - 18 - f- nn -rnr [l] SH = Shelby Tube. 76.2mm 00. pushed 

60- t::lo P 51 -gray -
~BAG - 19 - i= rrn -rnr = ButkSample f- -- i= 

t i r , 65- f- t I i r 

PLATE 8-14 



c 
o 
~E 
~­
iii 

I-

1-1255 

I--

I--

I-

1--1250 

I--

I--

Boring: sa. 3-248 
Sheet 2 of3 

SAMPLE DESCRlPilON 
(ASTM 0 241810 2487) 

Silly C~Y· very.oII. wet. gray (conllnued) 

• sbft', olive-gray to gray, occasional tine-grained sand lenses 
approXll'nately 50 mm thick 

Fat C~ Y - medium stiff, wet. dar!< gray to olive 

-stiff 

Test Results • 
'" SAMPL.E 

Depth ~ 1--..-:::,....----=--"---.,,....------1. SPT IN,). • i ~..,. ~ 
f--r---I :c ~_ Soli O$~(NJ.. ~ ~ ! .E.a • -

~ [ > E Classification Nr Blows per 0.15 n (Gtutar than SO Blows) ~; t! ~ ~ ~ !! 
II m (; ~ j.§. USC$ AASKTO (or interval shown) 0 ~ 55 V) i a ::IE ! 

- t:::: --
70-

21 -f=: 
== -

- 22 -::= --
75-

-
---

80-
-
---

85-
-
-
-

90-
----

95---

l= 
23 -~ 
~ 

24 -t=: 
~ 

25-~ 

~ 
25 -;:::: 

1= 
27-1= 

1= 
28-~ 

~ 
29 -I--
~ 

-
-

SPT 510 

P 610 CH 1-.-745 

SPT 610 

4 8 10 

" I I I I I I 

un -~JJ1-
HE .lEt 
1111 1111 

PH -,nr 
fin -rnr 
HH -H-H- 43 

UU -~u~-
1.1.1.1. JUt 

6 10 12 19 I 1-1.31 I I I I 
nT, -,Hr 
rrn -inr 
HH -H-H-

12.3 42 55 32 

~P~~~~~Y~G~~d~~~~~D~.~de~n~H~._~~-g~-y--------~100: 
30-~ 

fo-
31-P 

.. >: 

P 
BAG SP A-3 15 37 25 UU -L •• tJ- 57 15.7 26 

34 
97 

-
I " I I-- 1255 Io:le~a::-n ""C~r.VY-_ .:::o:;ft.-::we:=O~ d::;:a:::i:rI<:::g~=y::;t::-o -:.0Iove=----------!105 -- 32 -b-

1== 
SPT 510 Cl A45 3 3 3 5 hi-I .lUJ. 

II11 

1-1250 

I-

--
110-

--
-

33 -1= 

1= 
34-1= 

f:= 
~poo=r1y-G""'-:ra:::d;::ed"SAN~""D"-::w"'rth:-::d"'ay::---:;d-:::en:-•• -, ':::mo:-IS-C-~-:-g~:::-y------~ 115-=-

35-~ 
\7 -

35 . 
-

120-
- medium dense - 37 - .... ---

125- 38 -
- dense 

- I·,. 
- 39 _. 

-
130-

SPT r.s"'"p-s"'C;:!--:;-1-.--:;-3 -i 25 41 35 39 

SPT 13 21 26 36 

SPT 12 32 50 

SPT 

nn -rnr 
nn -inr 
HH+HJ 
HH -~u~­
HLl· ~~Llt 
11I1 1111 

IT-I -rrrf" 
nrr -rnr 
I I I I I I I r 

C 
SG 

Legacy Parkway - Preferred Alternative 
1-215 to 1-151US 89 Interchange 

III KLEINFELDER 
Project No. J5.816J.05 

FIELD TEST BORING LOG 
Boring: 58-"-248 
Sheet 2 of 3 

~ged by: M. lYe,. 
Dale Sial!: 1121/00 
Dale Anlsh: 112A1OC1 
Station: 6002+218.197 14.78 ~T 
liIe: 0 MAlNUNE 
Coordinates (m): N 101,961.7&1 E 15,5Q.213 
EIovatfon (m): 1287.G35 
Totat Depth Drilled (m): 39.9 
0rID COntractor: t..ayne Christanaen 
OnlJer. S. Chun:h 
RIg Type: Mobile B-80 
Oriltlng Method: Mud Rotary 
Hammer Type: Automat!. 
Rod Type: AW 
Boring DiomeIBr. 133 mm 

LEGEND/NOTES 
Elevations b~ uPon North Ameneon Verti<al Datum 01 

1988 (NAVO '88) 

COOnflOStes are NAO '83 

'fl ~ Observed Groundwater depth at time of dnJJing 

Blows • Number of blows required to drive split spoon 
sampler 150 mm or Inteovat shown 

uses = Unified SoU Classificltion System 
AASHTO ~ American Asaoc:iation of State HIghway and 

Transportation OIIIdais 

= See Key to Soil ~ogs lor list of abbreviations 
and desa1pUons of taco 

SAMPLE TYPE 

~ SPT = Standard Penetration T_ 34.9mm 10 and 
SO.8mm 00 .pIit spoon sampler 

I MC = Modified California Sampler, SO.8mm 10 and 
&3.Snwn 00 split spoon sampler 

EI P • PISton Sampler, 76.2 mm DO 

rn SH = Shelby Tube, 76 2mm ~O, pushed 

~ BAG = Bulk Sample 

PLATE 8-15 



I-

I- 1245 

I-

I-

I-

1--1240 

I--

I-

I-

I- 1235 

1--1230 

I-

Sonng: SB- 3-248 
Sheel3013 

SAMPLE DESCRIPTION 
(ASTM I) 2A881O 2487) 

Depth 

It m 

--
135': 41-

-
:: 42-

-
140-

- 43 --
145': 44-

-
:: 45-

-
150-:: 48-

--
- 47-

155--
:: 48-

-
160-_ 49 

--
- 50-

165--
:: 51 

-
170-: 52-

-
:: 53-

175-
-
- 54 --

180- 55-

--- 56 
185-

-- 57-
-
-

190- 58 --- 59 -
195-

-

s 
~ a. e 
c:I 

f--

i:' 

SAMPLE 
• SPT{NJ .. 

1--,....".~---:SO'""i:-1 -r-----a.l'T{N.lu 
Cluslffcatian N. Blows ptlr 0.15 n (G,....,. dI_n 50 Blowa) . .-

~ i;E ,... "E .-
"' 

uses AASHTO 

203 

(o,lnterval.howrl) 

48 61 

UH -~H~­
UU JUt 
1111 1111 
nn -rnr 
nn -rrrr 
HH -H-H­
HH -~~-~~­
JJU JUt 
IIII IIII 
IIII IIII 
rrrr -rrrr 
HH -H-H­
HH -~~-~~­
LlJJ JHL 

III "" - - - - ---
"I I I II 

--rn Tnr 
HH -H-H­
~-~~-~ -~U~­

JJjJ 

"" 
_tEL 
1111 

1111 1111 
nn -rnr 
t I I J r I r I 

Test Results • Legacy Parkway - Preferred Alternative 
1-215 to 1-15lUS 89 Interchange 

III KLEINFELDER 
Project No. 35-81~ 

FIELD TEST BORING LOG 
Boring: SB~-248 
Sheet 3 of 3 

Logged by: M.lvers 
1I21l00 
112411J0 

Date Start: 
Date FInish: 
SlaIIon: 
line: 

8002+288.697 1<1.78 LT 
I)MAINUNE 

Coordinates (m): N 108,981.781 E 15,549.213 
Elevation (m): 1287.035 
Total Depth Drilled (m): 3.9.9 
DriB C-..aor. ~ ... Christa....., 
OrlDer. S. Chun::h 
RIg Type: Mobile B-8O 
Dri1Bng Melhod: Mud Rotary 

Hammer Type. Automatic 
Rod Type: AW 
Boring Dlamelllr. 133 mm 

LEGEND/NOTES 
Elevations based upon North American Vertical Oalum 01 

1988 (NAVD '88) 

Coorthnales a~ NAO '83 

Sl. = Observed Groundwate, depth atlDne 01 drilling 

Blows III: Number of blows raquired to drive split spoon 
sampler 150 mm or interval shown 

uses = Unified Soi CIIIssdication System 
AASHTO = American Association 0/ Stale H'oghway and 

Transportation OInc;uals 

= See Key to Soil Log. la, list olabbreviaUons 
and descnptions 01 tests 

SAMPLE TYPE 
~ SPT = Standard Pen_on Tes~ 34.9rrvn 10 and 

50.8mm 00 ""iii spoon sampler 

~ Modified Calilomia Sampler, SO.8mm 10 and 
63.5mm 00 split spoon sampler 

:a: Piston Sampler, 76.2 mm 00 

= Shelby Tub •• 76.2mm 00. pushed 

~ BAG : Bulk Sample 

PLATE 8-16 



Boring: SB- 3-249 '" 
Test Results • Legacy Parkway· Preferred Alternative 

c Sheet 1 013 0 SAMPLE 
N ~ ift .!!l 

...J .SPT(NJ. E '" 1·215 to 1·151US 89 Interchange 
0 SAMPLE DESCRIPTION Oepth u ~ ~= 

c ., .. 
~E :c i:' OSPT(NtJ. 0." i i :J 5~ 

CD 

IH (ASTM 0 248810 %487) 
Soil .,. .. .. KLEINFELDER 

~-
... . .- ClassifJc:aUon N, Blows per 0,15 rr lan_tar than sa BlOWS) • "If. ~ 

-." :. 1! a. ~E ~ : c'" '0 )..5 ll. 0 

ft rn C) ~ u E (or intervaJ shown) 

:il 
OJ ~ i:' ::e ~ 0. ~z .c .- uses AASHTO .. S 0 Project No. 35-a163-05 

0:: " N c 

FILL.: Poorly Graded SAND wrth gravel- mOIst. brown, WIth occasional -

~ 
, I I I I! I I 

'- 1285 
cobbles - L.LL JUt FIELD TEST BORING LOG 

- 1 -

Fat CLAY _ medium Sbff, moist gray wtth some black colonng, with 
- CH ""7~ Boring: S8- 3-249 

5- SPT 457 8 2 2 JjLl JUJ. - organics - = Sheet 2- 1 of 3 -- ;= 1/1/ 1111 
f- - t:s Lean CLAY· still, moist ollW1l"'Y, WIIh IraCl! of fine-g",,,,,,d sand to- 3 - P 610 CL Mi ------ -ITIT pH Lagged by: e. _on 

- ~ "" 57 WSS Om SIatt: 1/24100 

f- - R Date Finish: 1/26/00 
- 4 -~ nn -,nr Slallon: 6002+%29.597 1.90 RT 
-

~ Fat CLAY· soft. moist gray 
15- SPT CH A·7~ 0 1 1 ~~~H 

Line: o MAlNUNE 

- -H-H- Coordinates (rn): N 108,90&.251 E 15,522.950 
- 5-

~ EIevaHon (m): 1285.695 

-1280 
-

~ . .lU Jut Total DepIh 0nI1ed (m): <13.1 
-

20- 6 - I- M ConlradDr. Haz..tach 

-

~ 
P 457 21 10.4 58 44 15 C Driller. 

SILT· soft, wet dall< gray ML A-4 HU JUt 19 SG M.Com 

I- - RIg Type: Longyear BK-81 
- 7-
- ~ .1 I I I II II 

OrllUng Method: Mud Rolary 

,... Lean CLAY - very soft., wet. gray to dark gray, with slit and sand seams 
25- SPT CL M 0 0 0 

Hammer Type: Autom.tIc 

- 8 - - rrn -ITIT 
Rod Type' NW 

- Boring Diameter: - = 121 mm 

,... -
30- 9 -~ nn -,nr LEGEND/NOTES 

- medium sbff - f-- P 533 

f- - t= HH -H'H-
24 Elevations based upon North Amenca" Vertical Datum of 

- 10-
- ~ 

1968 (NAVO '88) 

-1275 35- r=;: SPT 0 2 6 HU JUt 
Coordinates are NAn '83 

Poorly Graded SAND With Silt - strff, wet. gillY, fin&-gliillned 
- 11 - SP-5M A-l-b 

Sl == Observed Groundwater depth at time of driUlng 
- r . -

••••• HU .tHL Blows =-= Number at blows requintd to drive sp~t spoon 

-
40-

12 - I···.··· sampler 150 nvn or interval shown 

-mechum stiff - I: .. p 508 I II I 1111 USCS = Unified 5011 CIassiIica1ion System 
- 38 

- 13 -' nn 'rnr AASHTO = American Associabon of Slale Highway and 

-
~ 

Transportation Otftdals 

Lean CLAY - very soft. wet, gray to dark gray. occaSional Sitt seams 
45-

SPT CL M 1 1 1 lrn 
. = See Key 10 Soij Lags for Ust of abbreviabons 

- 14 - -rnr - ===1 
and descriptions of tests 

-
- 15-= J+'r 'H-H' SAMPLE TYPE 

• still 
50- = P 34 13.9 35 37 15 97 C ~SPT 

,.12T0 - ~ d--k -lUJ- 48 SG = Slandanl Penotr;bon Test 34.9mm 10 and 

- 16 - 50.8mm 00 split spoon sampler 

- ~ HE .tHJ. IMe = Modified California Sampler, SO.Bmm 10 and 
55 -

17-~ 
63.5mm 00 spUt spoon sampler 

-- ~ 1111 1111 EjP = Piston Sampler, 76.2 mm 00 

f- -
~ - 18 -

'~i!'i 'inr rn SH 
- medium sbff 

60- ~ SPT 457 3 3 3 
= Shelby Tube. 76 2mm DO, pushed 

f- -
- 19 - !:::::::; nn 'rnr I§lBAG - =: 

= Bulk Sample 

-
f- 65- - I I I r I I I 

PLATE 8-17 



Boring: Ss. 3-249 
Test Results· Legacy Parkway - Preferred Alternative 

'" SAMPLE 
Sheet 2 of3 0 .!l 1-215 to 1-15JUS 89 Interchange c ...J .3PT(N,J .. ... 

~ '" 0 SAMPLE DESCRIFTlON Oepth .!! 
.. =" .. ~" " .. .. 

:: - OSPT IN,l. ~ ~i ~# 5~ " III .. E '" i:' Soil .!! .. I- KLEIN FELDER 
>- (ASTM D 2A88/D 2A87) a. [ .. - Class.flCiltlc:m N. Blows per 0.15 '! ,(;naW than 50 BlOWS) ." 

=~ 
~ 

" ~ >E ~ c ... '0 "3 11. a .. 
jjj It m " ~ BE (or Interval shown) 

::l 
en i:' :iii <1' 0:: i'Z :5 .. - uses AASHTO '" Q 

::J 0 Project No. 35-8163-05 

'" .. N 

Lean etA y ... medium stiff, wet. gray to dar1c. gray, occasional slit seams 
~ 

, I I I 

(conbnued) - LH JUL FIELD TEST BORING LOG -1265 - ~ - 21 -

... frequent silt and occasIOnal fine sand layers 
70- ~ P 610 j .1. j. '- _'-L'-L 

Boring: S8- 3-249 
-

~ 
38 - 22- Sheet 2 of 3 

- ~ IIII IIII -t- 75- 23 - j::: ...... _ ......... -,nr logged by: e. Wloden -
~ 1111 Date Start 1124100 -- ~ 

Date FinISh: 112Il00 

- 24 - nrr -rnr Station: 6002+229.597 1.90RT 
80- ~ line: DMAINUNE 

- stiff - SPT 3 7 8 -,. 
- 25-l= HH -H-H- Coordinates (m): N 10&,901.251 E 15,522.950 

- \= 
EIeImIon (m): 1285.895 

1-1260 - un -~UJ- Total Depth Drilled (m): 43.1 
85- 26 - t= DriD Contrador. Haz-IKh -

~ J.tJ.l. -'_LU_ 
Driller. M.Com 

t- - 27-1= 
RIg Type: Longy_BK~1 

- DriDIng Method: Mud Rotary 
90- ~ P 0 IIII IIII Hammer Type: AutDnud'lc 

t- -
28 -

~ 
Rod Type: NW - nTi -fnr SILT - P ML A~ Boring Diameter. 121 ..... 

c- -
95- 29 -~ SPT 9 7 9 rr~;{ -rnr LEGEND/NOTES 

Lean CLAY - stiff, we~ gray 
- CL A-6 - Elevation. based upon North American VorIIcal Datum of 

r- ~ H1+ -H-H-30- 1988 (NAVD '88) 

lOO- t-
f- 1255 - t=p P 0 UH -~UJ-

Coordinates .... HAD '83 

31 - 1= '¥. = Observed Groundwater depU1 at time of drilling 
-mediumstift' SPT 457 4 4 5 ·7 - 1= HH JUt Blows = Number of blows required to drive spbt spoon 

r -
105 - 32 -

~ 
sampler 150 mm or In!ervalshown 

IIII IIII USCS ~ Unified Soil Classillcatlon Syotem 

r 33 - t= - - -- -- AASHTO = Amencon Association of State Hl!lhway and 
r- IIII -,nr T ransportallon 0fIicials 

110-

~ - SILT with sand - sIiIf. wel gray, fin"1lramed sand - SPT 457 ML M 5 4 10 -" . • See Key to SoiII.ags for list of abbmialions 
34- rTr -rnr and deocnption. of tests 

-
~ - ,... .• 1+ -H-H- SAMPLE TYPE 

Poorly Graded SAND • loose. wet. gray 
115- 35-

SPT 0 SP A-l-b 7 5 7 .'.-.. 
UJ-~ -LUJ-

iJSPT = Standard Penetration Tesl34.9mm 10 and 
t-1250 

36- "': 5O.8mm 00 split spoon sampler 

- I 
HJ.i. JH·t 

.Me = Modified CaiIIorrua Sampler. 50.8mm 10 and 

t- _ dense, fine to mediu~ralned with trace of coarse.gralned sand 
120-

SPT 0 15 23 30 63.5mm 00 split spoon sampler 
37 - 1 . 

tJP .......... ! II ! IIII =- PISton Sampler, 76.2 mm 00 

t- -
125- 38 -

~ 
- ----- -,Hr IIl SH 

SILT wrth sand - stiff, wet, gray, fine-gralned sand SPT 457 ML A-4 7 9 7 i I-I'i = Shelby Tube, 76.2mm 00, pushed 

t- - ~ f§ BAG 39 - nn -rnr = Bulk Sample 
- r« t- 130-

SPT I I I -29: I r 

PLATE 8-18 



I- 1245 

l-

I-

l-

I--

1-1240 

l-

I-

I-

I-

I- 1235 

I-

I--

I--

I-

1-1230 

I-

I--

I-

Bonng: sa. 3-249 
Sheet 3 ofl 

SAMPLE OESCRIPTION 
(ASTM 0 248810 2487) 

Poorly Graded SAND - dense, we~ gray, fino-gralned 

~ very dense 

.. dense 

.3 SAMPLE "PTIN,). 

Depth £ '----,-:::-r---::--c--r----- PT IN' 11.~ -a r ~ Sod CS.,..::.:: 
! ~uie I-....:C= .... ,'=flcatl= ... '-jN. Blows per 0.15 n (Greater than SO Blow$) !I 

ft m a ~ (or Interval shown) CD 

:.- uses AASHTO Q ~ 5:, 

---
135-

---
140-

----
145-----
150----

-
155---

--
160-

-
-
-

165-----
170-

----
175----

-
180-

--
--

185-
----

190-
----

195--

r' 
41 -: 

I:.' 
42 -.' 

r:: 
43-~ 

44-

45-

46-

47 -

48-

49 -

50-

51 -

52 -

53 -

54-

55-

55-

57-

58 -

59 -

457 SP 7 12 Zl 

SPT 457 15 J2 40 

SPT 22 25 26 

I I I r I I t 

~JU JUj­
_ -'- J.l .l U L 
III I ~ II 

------ ---,~--

IIII IIII 
nrr -rnr 
1+1+ -H-H­
UU JUj­

.lUt HLl 
IIII IIII 
IIII IIII 
nrr -inr 
1+1+ -H-H­
UU -~Uj­
ELl Jut 
IIII IIII 
IIII IIII 
rrn -rrrr 
1+1+ -H-H­
UU -~Uj­
LlU JUt 
IIII IIII 

-------
IIII I \ II 
rrrr -rnr 
I I J r , J r I 

Test Results • 

.. 
= o 

Legacy Parkway - Preferred Alternative 
1-215 to 1-151US 89 Interchange 

HI KLEINFELDER 
Project No, 35-8163-05 

FIELD TEST BORING LOG 
Bonn9: S8- 3-249 
Sheet 3 of 3 

Logged by: 
Dote start 

C.Wleden 
1124100 

Date Finish: 112&100 
Slation: 6002+229.597 1.90 RT 
Un.: D MAlNUNE 
Coordinates (m): N 101,906.251 E 15,522.950 
Elevation (m): 1215.695 
Total Depth Dnlled (m): 43-1 
Drill ContJactor: Haz-lech 

Onller. 
RIg Type: 
OrilUng Method: 
Hammer Type: 
Rod Type: 
Boring Diameter: 

M.Com 
Longy •• ' BK-81 
Mud Ro1ary 
Automatic 
NW 
121 mm 

LEGEND/NOTES 
Elevations based upon North Amencan Vertical Datum of 

1988 (NAVD '88) 

Coordinates are NAO '83 

'1. a Obs.llved Groundwater depth .t bme of dnUIng 

Blows ;z Number of blows reqund to dnve split spoon 
.. mpler 150 rrvn or urteoval shown 

uses ~ Unified Soil Classificatfon System 
AASHTO = American Association of Stabo HIghway and 

Transportation 0fI!cia1s 

= See. Key to 5 .. 1 Logs tor rlSt of abbreviations 
and descriptions of tests 

SAMPLE TYPE 
~ SPT • Standard Penetrabon T.s~ 34.9mm 10 and 

5O.8mm 00 spiK spoon sampter 

= Modified california Sampler, 50.8mm 10 and 
63.5mm 00 spld spoon sampler 

= Piston Sampler, 76.2 mm 00 

= Shelby Tube, 76.2mm ~O, pushed 

= Bul~ Sample 

PLATE 8-19 



Boring: Sa- 3-250 .. Test Results • Legacy Parkway - Preferred Alternative 

" 
Sheet 1 ot3 0 SAMPLE . ~ ~ !! 

0 
oJ eSPTIN,I. i" f! 2:- .. 1-215 to 1-15/US 89 Interchange 

':is SAMPLE DESCRIPTlON Dopth :E " .. .. 
~ Sail QSPT(NJ. 0." !i " ::i ~ = l~ " ID IASTM D 2488/0 2(87) "'S I- KLEIN FELDER 

~-
Q. . .- Classtftcation N, Blows per 0.15 '!I (Gre.ter dian 50 Blows) .~ i -" -l! "- :>e "l C'" c; ';.5 0. 0 " iii It m " ~ 8e (or interval shown) 

iii 
OJ i ~ :& 0. ""Z .s: .- USCS AASHTO .. ::i (5 Project No. 35-8163-05 

a: .. N "" c 

FILL: Solty SAND • dense, slighUy moISt, light to dark brown. with - SPT 533 5 14 7 9 , , I I Ie 7 

CDatSe-grained graYdls - J.LU -LUt FIELD TEST BORING LOG 
-1285 

- 1-
- Boring: S8- 3-250 

5- HH JJ~~L - 2-~ SPT 305 10 15 6 a pH 

- Silty eLA Y ~ dense. wet, dark brown, With some roots and wood - GL-ML A-li 
wss Sheet 1 of 3 

matenal - ~ I I " IIII R 

- 3-~ f- lO-
.. ", .... _ .. -iHr Lagged by: M. Bostrom 

SPT 203 3 1 3 3 1'1 II Clayey SAND ... medium dense. wet, gray, fine-grained sand SC A-2-li Date Slatt 1/24/110 

- Date Finish: 1/25/00 
4-~ f- - nn -Int Sl8t1an: Boo2+277.848 6.92RT 

-

5-~ 15-
SPT 610 1 1 1 e

HH 
Un.· D MAlNUNE 

Lean CLAY - very soft. wei, right gray, WlIh ~quent very fine sand - CL A-li 2 -H-H- Coordinaleo (m)· N 10B,939.326 
f-

E 15,558.438 

seams - I::: E1ovaUon 1m): 128B.Oll 
- J.LU -LUL Tala! Depth DnJied 1m): 43.3 - 6-= ~12BO 20- Dna Conlractor. RC Exploration 

- = 
SH 102 Driller. N. Young 

-
7-= ELI. .I.UL Rig Type: Diedrich 0-12D Truck 

f- -
= .,11 I I 1111 

DrIlling Method: Hall_tern Auger 

• very soft. gray and black coloring 
25- 610 0 1 1 

Hammer Type: Automotic 

- 0-= SPT 0 Rod Type: AW - nff -,nr - - Boring Diameter. Z03mm 
- -

I-
- 9-- rrn -rnr 

_ medium stiff, some tine sand layers 
30- r= SH 50B 12.5 39 42 19 C LEGEND/NOTES -- f-- 34 SG Elevation. based upon NoM American Vel1lcaJ Dalum 01 

f- - 10-r=: HH -H-H- 19BB (NAVO 'BB) 

- ~ 
_ medium sbff. with 150 mm sand layer 

35- 2 MU J1.lJ-
' Coordinates a~ NAO '83 

I-- 1275 - 11 -C SPT 610 6 2 2 ~ - • Observed Groundwater depth at time of drilUng 
f-- HH .l.LtL f-- Blows .. Number of blows raqued to drive split spoon 

f- - 12 -r= sampler 150 nun or interval shown 
40-

_ very still. WIth 0 35 m layer of silty sand and frequent silty sand seams - = SPT 610 0 15 6 6 III/ eflll USGS = Unified SoU Classification Sy.tem 

'-
- 13-~ ---- - ... AASHTO = Amencan AsaoaaUon of Slall! Highway and 

- -inr - ~ 1111 Transporlalion Of!icials 

- medium stiff, mottled, will\ _ material. occasional very lI\,n seams 
45-

SPT 610 2 2 3 i4 rn 
. = See Key to 50~ Logs far list of abbreYJations 

,- 14-= 0 -Inr 01 peat -
= 

and descnpUons of_ 

- HH -H-H-- - 15-= SAMPLE TYPE 
50-

• very soft - - SH 6B6 30 13.7 33 39 20 93 C ~SPT := Standard Penetration Test. 34.9nvn 10 and 
I- UU -LUJ- 48 TR 

r-- 1270 
- 16-~ SG 50.Bmm 00 spl~ spoon sampler 
-- ~ HH .1.1.1.1. IMC • Modified CoIilomla Sampler, 50.8mm 10 and 

55- 63.5mm 00 spl~ spoon sampler 
I- - 17 -I-

- C I! II II i I EjP = Piston Sampler, 76 2 mm 00 

- ,--
f- - 18-~ -- - - -- -inr UJ SH 

Poorly Graded SAND .. loose, wet. gray I with a trace of fines. frequent 
60-

SPT 610 SP A-3 0 0 5 7 ~51 I I • Shelby Tube. 76.2mm 00, pushed 

-
I-

thin laye,. of silty day, sandy day, and clayey 5111 - 19 - nn -rnr ~BAG - :r Bulk Sample 

- ......... 
65- I J I I , I , 

PLATE 8-20 



Boong: SB- 3-250 
Test Results • Legacy Parkway - Preferred Alternative 

'" SAMPLE Sheet 2 of3 0 

d ift ~ 
.!! 1-215 to 1-15/US 89 Interchange c oJ .SPT('')' 

! l> at 
0 SAMPLE DESCRIPTION Depth u " .. 
1;E' :c ~ o SPT ("J. i ~ " ]! :: .. .. 

III (ASTM 0 248810 2487) cru:':~tlon N. Slows per 0.15 m 
~ ~ .;1: .. ... KLEIN FELDER >- Q. 

& .. - (Gruw th.n sa BIaws) ·n ~ j1 . ~ 

.! e >E c'" "0 ... " w It m C!I ?: 8e (or Interval s"'awn) 
fi: 

~ ::Ii r:r ... .. :5 ,,- uscs ...... H1O '" • ::J 0 Project No. 35-8163-05 
II: 0 .. C 

Poony Graded SAND • loose. we~ gray. with a trace 01 lines. frequent -
1./ 

I ! I , I I ~ r 

thon layers 01 silty clay, sandy day, and dayey silt (continued) -
~-~JJ -~UL FIELD TEST BORING LOG -

-1265 - 21 -

~ SILT wah sand· medium sbff. wet, olive gray, with very fine-grained 
70-

SPT 610 M~ A-4 3 3 5 6 
J~:H .lHt 

Boring: 58- 3-250 
-

sand and day seams - 22-~ Sheet 2 of 3 
- II /I /1/1 -

~ t-
75- 23 - nn ------- Logged by: M. Bostrom -

"" - ~ 
Date Star!: llZ4100 

- Date Finish: 1125100 

t- - 24 - fij nn -inr Station: SOO2+m.848 S.9ZRT 
BO-

SH 0 llne: OMAINUNE -

ffi HH -H-H- Coordinates (m): N 106,939.326 E 15,558..438 - 25-
- Elevation (m): 12S6.011 

-

~ un -~nJ- Total Depth OriUed (m): 43.3 

t-12S0 
85- 26- Drill Contrador. RC ExplOnltlon -- ~ tlH Jtlt 

DnUer. N. Young 

- 27 -
RIg Type: Diedrich 0-120 Truck 

-
t%3 I ~12! II " 

Dnlling Method. Hollow-Stem Auger 

_ stiff, 0.15 m poorly graded sand ~yer 
90-

5PT 510 7 6 8 10 ~Iammer Type. Automatic -
r - 28 - ~ --- --- -,nr Rod Type: AW 

- 1111 eorlng DiameJer: 203mm 
-

~ r- 95- 29 - nn Tnr LEGENDINOTES -
- ~ Elevations based upon North American Vertical Datum of 

r- - 30- HF -H-H- 1988 (NAVD '88) -
~ Solty CLAY - very stoff, wet. olove gray, 0.15 m poony graded sand layer 

100-
5PT 610 CL-ML A-6 7 10 12 16 ut-, -~UJ- Coordinates al'8 NAD '83 -r- 1255 - 31 - r= ~ = Observed Groundwater depth at bme of drilling 

- r= UL Jut Blows = Nwnber or blows required to dnve split spoon -
~ 

105- 32 - r-- sampler 1 SO mm or interVal shown 

- r-- II I i 1111 uses = Unified SoU Classification System - r--
'- - 33 - f= nn AASHTO = American Asooaation 0' Stale Highway and 

- r) 1111 T ransportabon 0triciaI5 
110-

Poony Graded SAND - very loose. we~ gray, medOUlT11jIUOned - SPT 510 SP A·3 0 0 0 0 0 . 
2 See Key to Sod logs lor Dst of abbrevoations 

- - 34- nrr -rrrr and descriptions of tests 
- .... 

-
35-

I 
HH +H~; SAMPLE TYPE 

Silty SAND - very dense, wet, brcwnlsh-gr.!lY 
115-

5PT 457 SM A-2-4 12 24 32 44 - ~SPT - U--~ -~Hj-
= Standard Penetrabon Test.. 34.9mm 10 and 

1-1250 - 36- 5O.8mm 00 spirt spoon sampler 

-
J.LJ ~UJL IMC = MocIlfied catifomoa Sampler. 5O.Bmm 10 and 

120- 20 
SILT. very sbH. wet. graYlSh--brown, with very fine--gralned sand layel'5 - 8PT 610 ML A-4 \5 \2 19 63.Smm 00 split spoon sampler 

I- - 37 -

~ EjP - 1111 1111 = Poston Sampler. 76.2 mm 00 

t-
- 36-~ 125- [IJSH Solty SAND - dense, we~ brownosh-gray - SPT 610 SM A-2-4 9 21 39 47 II II III ~ z Sl\elby Tube. 76.2mm 00, pushed 

- ~. 
I- - 39 - nn -rnr ~BAG = Bulk. Sample 

- ~ 130- ~ 8PT r r I I ! r r , 

PLATE 8-21 



Test Results • Legacy Parkway. Preferred Alternative Boring: SB- 30250 
'" SAMPLE 

~j ~~ ~ 1·215 to 1·151US 89 Interchange Sheet 3 013 0 • SPTIM,)" 

~ f: '" .. .... .5:; " SAMPLE DESCRIPTION Depth u 

to ~~~than 50 BIowa} !~ 
.. 

ID KLEINFELDER 
Q 

::N I-~E :c ~ Soil "'liE ... "D :;1 ~ (ASTM 0 Z488/D 2A81) Q. . .- C ..... JRcatian N, Blows por 0.15 n 
uri 0 ... = :. IS .. >- I! "" >E 

(or Inlerval shown) a ... Z ~ 
.. 

It m " ?: BE ~ :::; "- is Project No. 35-8163-05 iii .- uses AASHTO '" .~ .. C 0: '" N 

510 16 30 44 60 i i I I ii, 
SIlty SAND • dense. wet. browmsh-gr.ly (continued) % 

UU .~H~. FIELD TEST BORING LOG 
41 -

S8- 3-250 I- 1245 135- .. ~ SPT 305 9 10 12 13 

l_I_I'l JUt 
Boring: -

Lean CLAY· very obi!. we~ gray 42 - I:::::: CL A-6 Sheet 3 of 3 

140- = I III II I I 
~ 

SPT 510 9 25 38 42 
- - - - - ~§ Lagged by: M.Boatrom -dense 43- SM A-2-4 nn I " I 

Date Slart 1124/00 Sntv SAND· ve dense. we(arav 
- Date FmlSh: 1/25/00 - 44- nn -rnr SlaIIon: &002+277.1148 &.92RT f- 145-

Une: DMAlNUNE -
COOId,na .... (m): N 10&,939.32& E 15,558.4:18 - -HH -H-H-- 45- ! Elevation (m): 1288.011 

150- UU -~H~. • Total Depth Drilled (m): 43.3 

45- I ~Con=r. RC Explotation 
1-1240 

ELl .lEt 
Drillec N. Young 
Rig Type: Dlodrleh 0-120 Truck 

47 - I Drilling Method: Hol~btm AIIQAt f- 155- , III 
I " I 

I Hanmer Type' Automatic -
AW - 48- -'ifi Rod Type' - 1111 BarIng DIlIrJ1eter 203mm -

160-
49 - I-rn 'rrrr LEGEND/NOTES f- -

Elevations based upon North Amencan Vertical Oatum of 

- 50- HH -H-H' 1988 (NAVD '88) f- 165-
Coordinates are NAO '83 - HU -~U~. ~ = Observed GroundWalar depth attune 01 drilling 51 -I- 1235 -

JJH JUt BIaws =- Number of blows reqUired to drive sprrt spoon -
170-

52 - sampler 150 mm Dr Interval shown 
l-

I I I I I I I I uses = Unified Soil ClusiJication System 
AASHfO z American AssOClO1ion 01 Slate Highway and 

f- - 53 - nfi "" 
TnIInsportatlon OtriciaJs 175-

- = See Key to Sod Logs for list of abbreVJabons 

f- - 54- rrn 'rrrr and descnptions of tests -
180- HH -H-H' SAMPLE TYPE 

I- - 55 -

~SPT = Standard Penetration Test. 34 9mm 10 and 

HU -~H~. 5O.Bmm 00 spld spoon sampler 
f-1230 56 -

IMC = Modified CIIlitamla Sampler, 50.8mm 10 and I 185-

--'.Ll JUt 63.5mm 00 split _ sampler -
57 - E1p = PISton Sampler, 76.2 mm 00 f- -

II " "" f- 190- sa - nn " II 
I]] SH • Shelby Tube, 76 2mm 00. pushed -

-
f- 59 - nn 'rnr ~BAG = BulkSampl. 

195-
- , , , I r I I 

PLATE 8-22 



90nng: sa. 4-25' 
Sheel' of2 

SAMPLE DESCRIPTION 
(ASTM 0 2488/0 2487) 

_ very stitT, dark gray. with ftn&-grained sand 

'275 -.bff 

_ medium stitt', wrth slit seams, 150 mm layer of silty sand 

- very soft 
'270 

• stdf. mOISt, gray. With Silt and fine-gralned sand seams 

Oepth 

It 

SPT 

P 

SPT 

SPT 

o 0 

000 

2 

JJU JUL 
~~ '- J.l J J.I. J. 
"" I I I I nn 1111 

nn -Int 
-H-t -H-H­
HU JUt 

1.1. Lt -'- Hl 
I I ~,l I I I I 
rin oinT 
nr -rrl1-
HH -H-H-
-LH JUt 
UH _lUJ 
I-t II II II 
--in -iHr 
-,-In -11-11-
HH -H-H--, 
un -lJJJ 
J.l J.l _ '- 1-'- J _ 

II II "" nn -inr 
nn -rnr 

150 30 ,4 87 pH 

,7 

wss 
R 
C. 

SG 

Legacy Parkway - Preferred Alternative 
1-215 to 1-15/US 89 Interchange 

III KLEIN FELDER 
Project No. 35-8163-05 

FIELD TEST BORING LOG 
Boring: S8- 4-251 
Sheet 1 of 2 

Logged by. C. WIed.n 
Date Start 1122100 
OateFII1ISh: 1~ 

Station: 54+613.358 0.41 RT 
Line: LP NB to 1-15 P-215) 
Coordinates em): N 108,881.08& E 15,548.287 
Elevation (m): 1284.833 
Total Depth Drilled em): 31.5 
Drill Contractor. Haz-tach 
OrilJer. 
Rig Type: 
Onllng Method: 
HlImmerType: 
Rod Type: 
Boring Diameter. 

M.Com 
Longyear BK~1 
Mud Rotary 
Automatic 
NW 
121 mm 

LEGEND/NOTES 
Elevations based upon North American Vertical Datum of 

'988 (NAVO '88) 

Coordinates ara NAO '83 

~ ~ Observed GroundWater depth aillme of drilUng 

Blows = Number of blows required to drive split spoon 
sampler 150 mm Dr interval shown 

USCS = Unified So~ Classification System 
AASHTO ~ Amencan Associabon of Slate Highway and 

T",n.po<tatlon 0fIIcia1s 

• See Key to 50~ Logs for rlSt of abbrev .. tion. 

and descnptlons of tests 

SAMPLE TYPE 

~ SPT = Slandal1! Penel1lltion Test, 34.9mm 10 and 
50 Srnm 00 SPirt spoon sampler 

• Modified Callfomla Sampler, 50.8mm 10 and 
63.5mm 00 spOt spoon sampler 

= PISton Sampler, 76.2 mm 00 

= Shelby Tube, 76 2mm 00, pushed 

!§I BAG = Bulk Sample 

PLATE 8-23 



80nng: 58- 4-251 '" 
Test Results • Legacy Parkway. Preferred Alternative 

0:: Sheet 2 of2 0 SAMPLE 
eSPTINJ. ~~ "" .!! 1·215 to 1·15/US 89 Interchange 

0 
-' !" ~ l!- eo 

VI 
SAMPLE DESCRIPTION Depth u . c: 

=- :c ~ o SPT I"')" ~ ~ E ~e-t ~ :: ;;; .! k"fJ .. E San KLEIN FELDER >- (ASTM D 248810 2487) Co 
~ .- Clauiflcation N, Blows per 0.15 ~ (Grater than SO Blowe) !~ ~ 

-." ~ ~ .. I! >E ~ "0 ].5 " iii It m '" ~ 8E (or inter/a' shown) 1J ., ~ 
:; :3" Q. .. = .- uses MSHTO '" C 0 Project No. 35-8163-05 

II: 0 N 

Poorly Graded SANO W1IlI silt" vvy 0011. wet. 9"'Y. fin"1ll1lined - < 
I I I ! I I, 

(conllnued) - FIELD TEST BORING LOG - :.':: UU JUL - - 21 -

~ SILT - sbff, wet. gray, WIth fine.gralned sand and day .eams 
70-

SPT 457 ML A-4 4 6 6 J.rJ~t JUt 
Boring: 58-4-251 

- 22-

~ 
Sheet 2 of 2 

- IIII 1111 -
I- 75- 23 

~ nn -,Hr Logged by: C.Wleden 
Date Slart 1122/00 

I- ~ 
Date Fmfsh: 1~0 

24 nrr -rnr Station. 54+683.358 G.41 RT 

Lean CLAY - weL gray, with silt and organa 
80-

P 0 CL A-6 Line: LP NB '" 1-15 (1-215) 

1-1260 25-!= HH -H-H- Coordinates (m): N 106,888.086 E 15,54&.287 

- ~ P 0 Elevation (m): 1284.833 

- t= UU -LUJ- ToIaJ Depth Drilled (m): 37.5 
I- 85- 26 P 610 68 12.7 41 47 22 98 C Dril Con1ractor. Haz-1Kh 

Silty SAND - wet. gray. fin"1lrained 

~ 
SM A-2-4 

ULt JUL 
38 SG DriBer. M.Com 

27 
Rig Type: Longy •• r BK..a1 

90- 1111 III •• 
Drilling Method. Mud Rotary 

• dp.n,," SPT 10 20 30 Hammer Type: AutDmlltic 

28 -

~ nn -,Hr Rod Type: NW 

- Bering DIameter. 121 mm 

I- 95- 29 - nrr -rnr Lean eLA Y • stiff, wet. gray to olrve-gIllY t= SPT CL A-6 4 6 6 LEGENDINOTES 

I- 1255 I-- HH -H-H- Elevations based upon North American VerticaJ Datum of 
30-t:::: 1988 (NAVD '88) 

100- ~ HH .-~HJ-
Coordinates ant NAO '83 

I- 31 
~ 4/: z Observed Groundwater depth at time of driWng 

- I-- HH JUt Blows "" Number of blows requintd to drive spilt spoon 

l- I--
105- 32 

~ 
P 508 39 15.5 26 84 C 

sampler 150 rrvn or I1tervaJ shawn 

Silty SAND" soft. we~ gray. fin"1lralned 
-

SM A-2-4 1111 1111 19 TR uses = Unified Sod Cluslfication System -
I- - 33 

I 
SG AASHTO z American Association of State If'!lhway and 

- nn -,Hr Transportation OIIidals 
110-

I-
SPT 10 19 27 -3' = See Key to SoD Logs for list of abbrevlauons 

34 rrrr -rnr and descnptions of tests 

1-1250 115- 35 - HH -rJ;.H- SAMPLE TYPE 
- SPT 17 19 24 

~SPT 
I-

-
~. HH -~HJ-

= Standard Penetrabon Test. 34.9rrun 10 and 

- 36 50.8mm 00 spirt spoon sampler 

120- 1111 -'-~~_ L IMC = Modified California Sampler, 50.8mm 10 and 

I- ~. SPT 0 16 22 22 63.Smm 00 spilt spoon sampler 
37 -

ii\i SPT 17 16 12 

I I II e1 P = Piston Sampler, 76.2 mm 00 
• 150 mm lean day laver 

I- 125- 38 -

IIII -ITIT rn SH = Shelby Tube. 76.2mm 00. pushed 

-
I- 39 - nn -inr I§I BAG = Bulk Sample 

e- 1245 
130-

I I I I J I I r 

PLATE 8-24 



80nng: sa- 4-252 
Test Results • Legacy Parkway - Preferred Alternative .. SAMPLE Sheet tal 2 0 • SPT(N,J. ~~ !! 1-215 to 1-15/US 89 Interchange c: ....I ~ ~ ! :§ .. 

0 Z> c: " 
co 

SAMPLE DESCRIPTION Oepth 2 a.'" ii ~ = 5~ 
.. ';is i:' Soli o SPT(N,J .. ~ ....I >- IH KLEINFELDER (ASTM 0 2488/0 2487) a. N, Btows per 0.15 " (Gn .... tmn 6D BSowa) "'.! :§~ .., -.., ~ >- . .- CluslDcatJon ~ = ';.5 .. l! a. >E c'" ~ 

'3 a. 0 " iii It m " ~ BE (or Interval shown) '" ~ a <1' a. ".Z .r:; .- uses. AASHTO .. :i! s :J 5 Project No. 35-8163-05 
a: " .. 

FIll.: Sdty GRAVEL· medIum dens., mOls~ dark brown to gray, WIth - SPT 356 4 6 6 2 I I I , 26' , I 

occasrof1al 150 mm sift layers - ULl JUL FIELD TEST BORING LOG 
f- 1285 

1 
Boring: 58-4-252 

5-

2 -~ 
SPT 305 9 a 5 7 ' II ~ " I I _ dark brown to brewn Sheet 1 of 2 

i- -
- , III 1111 

i- 10- 3- ~ r~H -rnr Logged by: M. Hislop 

-wet SPT 152 3 6 4 3 Date Sial!: 1124J110 

~ Date Finish: 1125100 

'-
- 4 - ~ nn -,nf Station: 54+711.938 0.83 RT 

15- .~ Une: LP HB to 1-15 (1-215) 

Clayey SAND.-Ioose, ""~ gray, WIth lrequent clay layess s-R SPT 406 SC A-2-6 3 2 2 3 
i~H+ -H-H- CoonIlnotes (m): H 108,921.417 E 15,581.57' 

i- approxunatety 150 mm thICk h--',- Elevation (m): 1288.042 

- 6 -f+:- UU JUL Total Depth Drilled (m): 38.7 

1- 1280 20- DriU Contraclo~ RCDrilllng 

- very loose - ~ SPT 508 2 2 1 1 .- Driller. M. Labenski 

-
7-P+-

r I I I .I_UL Rig Typo: Diedrich 1).120 ATV 

I- - DrilDng Method: Hollow-Stem Auger 
~ 1111 1111 25-

8-g 

Hammer Type: Automlltlc 
SH 508 40 17 Rod Type: AW 

I- Lean CLAY. medium stiff. wet. gray, WIth frequent slit seams and CL A-6 nn -inr 24 
layers varying from 10 to 150 mm - ~ 

Boring Diameter: 152mm 
-- 9-~ nn "1.11" LEGEND/NOTES - 30- 18 16 - hard r= SPT 508 7 15 

- -H-H-
Elevabons based upon North Amencan Vertical Datum ot 

'- - 10-t: HH 1968 (NAVO '88) 
~ Coordinates are NAO '83 

35- ~ 
U--~ JUL - 11-~ SH 0 Sl. :. Observed Groundwater depth at bme ot dnlling :-- 1275 

- very stiff 
- ~ SPT 610 15 16 10 11 !LJ :rUL Blows = Number of blows required to drive split spoon 

- 12-~ sampler 150 mm or intervaJ shown 
I- 40-

_ stlff. light brown mottrlng. slit layers up to 200 mm thick - i::= SPT 610 15 6 6 6 
11"1 1111 uses = Unified So~ Classification System 

-
13 -t=: nn -inr AASHTD = American Associabon 01 Slate Highway and 

f-- - Transportation Officials - ;=J 4S - 39 37.4 31 32 14 C 
. = See Key to Soil L.ogs lor list of abbreviaHons 

- 14 -t:=: SH 457 nn -~nr i- 53 SG and desaipbons 01 tests 
-

i= -
HH -H-H- SAMPLE TYPE 

r - 15-= 
50-

- medium sbff. dark gray motthng - - SPT 610 3 3 2 4 ., ~SPT = Standard Penetration Test, 34.9mm 10 and - LU JUJ-r 1270 
-

16 -t::: 50 8mm 00 spfrt spoon sampler 
-

IMC = Moc:llfied California Sampler. 50.8mm 10 and - f- J.UJ JUt 55 - f- 63.5mm 00 spilt spoon sampler 

i- - 17 -t= 
1111 1111 

Ejp = Piston Sampler. 76.2 rnm OD - t= -
I- - 18 -t= .. - - -- -rnT [ll SH = Shelby Tube. 76.2mm 00. pushed 

- sbff 
60-

b- SH 406 II I I -
19-~ - ML A-4 

53 I§j BAG )- Sandy SILT - stiff, we~ gray - nn -~rr1- = Bulk. Sample 

- ,( 

65 - '/' 
! J " 

, , I I ,'. 
PLATE 8-25 



c 
o 
'liie 
ii­
iii 

I- 1265 

I-

I-

t-

1-1260 

I-

I-

t-

I-

I- 1255 

I-

1-1250 

t-

I-

BOMg: Sa- 4-252 
Sheet20f2 

Test Results • 

SAMPLE DESCRIPTION 
(ASTM 0 243810 2487J 

S SAMPLE • S;>T (NJ. 

Depth &) 1----,-:0'"""""1----,,.--..,------1 III i..,; E 
!-_,..-"""""" i ~ Soil 0 SFT (NJ. ~ ~ E $ :J 

:! !. ~e Classification N.B'owsperO.15n (Gr.ataorthl:nSOBlowsJ ~ ~ ~ ~ '#. ~ 
C) ~ j.§. uses AASHTO (or Intarval shown) Q ~ 5 en d :i ~ 

Sandy SILT - $IJII. we~ gray (continued) 

_ medium stiff. IiQht brown 
Lean CLAY - medIum sblf ..... t. gray to dark gray 

Silty SAND - we~ gray. WIth SlH laye", 

• dense, With silt and clay layers 150 to 200 mm thick 

II m 

- ./ 
- ';1-- '/. 

- 21 -:~ 
70-= ~ 

: 22 t= 
- ~ 

75 -= 23-j:: 
- != 
: 24-l-

80- I?;; 

= 25-~ 
B5~ 26-~ 

:= 27_~ 
90-

: 28 -.~ 
: .~ 

95- 29- ~ 

= ~ 
,oo~ :~~ 

~L-e.-:n-C;;-LA,,-;yo-_-m=-=e"'di""um--;sblf=-C. we=-I. =-=gra=y'"'. WIth-=-pe-.7'"t In-d"-u-slo-n"'"s -an"'d'-SI""'n--I 105 - 32 -~. 
s.ams - ~ 

~S=ilty-SA~N~D~--d.-n-s.-.-we~~-g-ray--------------------~ 110-= 

--
hp,-OO-r1y:-:=G--raded.,....,-.SA=ND=-Wl.",th--:g",ra--:.e.,..I-...,d,-.n-se-.-we..,~-9-ra-Y-------~ 115 -

~S~IL~T-_ .. ha~rn'.~we~t.'1i~9h~t .. brow~n,..,---------------------~120-

-
• wrth gravelly and silty sand layers up to 150 mm thick 

125 --

130-

33 -1= 

M-~ 
35-~ 

...... 

36 - :" 

37-~ 
38 -~ 
39 -

SPT 610 hC;;-L-+-A-6""""~ 

SH 559 SM 

SPT 610 

SPT 

SPT 610 CL 

SPT 610 SM A-2-4 

SPT 305 SP 

I I . I I I I 

LL~.L .LHL 
_'-UL 
III' 

Fri -inr 
8 tlJl. 

, " , 

28 27 24 35 

7 12 22 14 

4 5 

B 18 28 45 

IS 30 36 50 

r-n -rnr 
HH -H-H­
UH -~Hj­
HE JUL 
, , " " .. ~ nn -inr 
n~-r ->/inr 
H--t -H-H­
U-J -~Hj­
! , i , 
if,-j JUL 

"" , , " '.l3" nrr -rnr 
HH -H-H. 7 

UJJ -~Hj-
SPT 457 ML ~ 12 19 26 49 J.'- J.l _ ~H L 

SPT 457 "" "" 18 26 41 38 'I' i '" ~ \----\---\ nn -rnr 

25 174 26 
57 

51 

.!! .. 
{! 
~ .. 
:5 
o 

C 
SG 

Legacy Parkway - Preferred Alternative 
1·215 to 1-15/US 89 Interchange 

III KLEINFELDER 
Project No. 35-81e:HJ5 

FIELD TEST BORING LOG 
Boling: 58- 4-252 
Sheet 2 of 2 

Logged by: 
Cate Start 

M. Hislop 
1/24/110 

Dale FinISh: 1/25/00 
Stabon: 54+711.938 0.83 RT 
Uno: LP HB to 1-15 (t-215) 
Coordinates (m):. H 106,921""7 E 15,581.574 
E1 .... tIon (m): 128&.042 

Total Depth Drilled (m): 38.7 
Drill Contractor. RC Drilling 
Dnller. M. Labenstd 
RIg Type: Diedrich 0-120 ATV 
Drilling Method: HoUow-Stem Auger 
Hammer Type: AutnrnMic 
Rod Type: AW 
Boring ciameter. 152 mm 

LEGENDINOTES 
Elevations based upon North Amencan VertiCal Datum of 

19S5 (NAVD 'S8) 

Coon:hnates are NAO '83 

'Sl ,. Observed Groundwater depth at bme of dnlling 

Blows = Nwnber of blows required to drive split spoon 

sampler 150 nvn or interval shown 

uses = Unified Sod Classllication System 
AASHTO = Amencan AssoaaIion at State Highway and 

TransportatIOn Otftcials 

= see Key to Soil Lags lor list at abblllvGltions 

and descriptIOns of tests 

SAMPLE TYPE 
~ SPT = Standarn Penetration T.s~ 34.9mm 10 and 

50.Smm 00 split spoon sampler 

= Modified CalifornIa Sampler. SO.Bmm 10 and 
63.5mm 00 split spoon sampler 

= PISton Sampler, 76.2 mm 00 

= Shelby TUbe. 76.2mm 00. pushed 

= Sulk Sample 

PLATE 8·26 



Boring: RB-392 .. Test Results • Legacy Parkway. Preferred Alternative 
c Sheet 1 of2 0 SAMPLE 
0 

SAMPLE DESCRIPTION 
..J esPr!HJ. :1 i" ~ co ~ 1·215 to 1·151US 89 Interchange "'- Dopth .!! i# Z. 

-s IASTM D24IIID :U17) .c I:' Soli OOPrI"J" :!~ ;; .. .58 ~ III KLEINFELDER ~- .. ! ~- C .... 1fic:atl.,n N. Blows per 0.15" I_thad"_l ... " ~ =-3 i~ I! or) ! ... ~~ a; 
w It m " ~ 

oE I.r Intorvalshowr) & .. 0 

¥! 
:ii a IT "'z 5 uses MIl"'" ::: :J Project No. 35-8163-05 '" 0 

FILL: SUIy GRAVEL· veil d ..... moist to weL bfllWll. ftne.gralned - ~ 
SPT 152 14 19 12 9 I I I •• -

~~ Me 0 26 36 TT 2! UU JUt FIELD TEST BORING LOG 1-1215 - 1 -- ~~ Boring: RB-392 5-

~ 
Me 152 5 4 4 5 J~Ll JUt ~ 2- Sheet 1 of 2 

• loose - SPT 0 6 5 3 5 

l-r " IIII - ~ I- 10- 3- nn -rnr Logged by: M._m - p 610 
Lean ClAy· medlUll1 atitf. wet. blOWJllsh.ijray. mottled "",t-colored - 1= CL A-7~ 29 Dale Start 2i2sioo 

SPT 305 1 3 2 2 i'in Dale FInish: 3/2Il1O 
- hquent seams of ftne to medium-gralned I8I1d 4-

~ -inr Slation. 54+787.95$ 1.05 LT 
15- 1= Me 610 1 t 1 

leHH 
line: l.P NBtol-15 11-2151 

5-

~ 
-H-H- Coon:Iinat .. 1m): N 101.171.375 E 15.838.881 

• very soft SPT 610 EJovation (In): 1218.010 

f-1210 6-~ UU Jut Total Depth Driled 1m): 311.2 
20- 1= DIll C.ntractor. L.oyno Chrlolanaon p 610 14 11.3 51 41 17 C 

~ ~lLl Jut 24 Il!IIer:: J.H_ 

7- SPT 610 1 2 1 0 RIg Type: T_ 

- soft. wth fnoquent Hams .f alit to VO<Y !In&<JraItIed sands ~ II ~ I 111\ 
flIIIIlng Method. IludRoWy 

25-
~ Me 610 0 0 17 11 -Type: Safwtr 

8-
,. 

Rod Type: AW 

~ SPT 610 1 2 1 2 ~-rn -iHr Bonng DIamotor. 133mm 

9-~ 30-

i 
p 0 nn -inr LEGENDINOTES 

10- SPT 305 5 9 3 3 1-1-i'~ -H-H- EIevatI.ns bONd upon Nor1I1_ Ver1ica/ Dalwn of 
Silty SAND - modlum dense. wet. graY.!ln&<Jralned SM A·2-4 1888 (HAW'88) 

I- 1275 SILT - 1tIff. weL grayish -brown 
35-

MC 381 ML A-4 6 6 7 5 LH-L JUt Coordlna"," ar. HAD '83 
11 -

~ 
II 

SPT 305 11 17 5 6 HJ.L ~lLl.J. 
a ObMrvec:l Groundwaief depth at time of dIIIIIng 

- _Ional seams of lIno-g_ sand 
Blowl • Number of btowa rwquJred to drive spIt_ 

12 -
Lean CLAY - medium 1tIff. weL otIve gray. lnterIayered WIth ... ams of 

40-
P 6'0 CL A·7~ IIII IIII 

sampler 150 ImI or __ 
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APPENDIX C 
Laboratory Testing 



Table 1 

SUMMARY OF TEST DATA 

PROJECT 
LOCATION 

Legacy Parkway - Structure F-702 
LP1 over Jordan River 

PROJECT NO. 
FEATURE 

200601-104 
Foundations 

DEPTH STANDARD 

HOLE BELOW PENETRATION 

NO. GROUND BLOWS 
SURFACE PER 

1ft' FOOT 

R88-4-660 5-6.5 0 

15-16.5 

25-26.5 

31-31.5 2 

36-37.5 4 

50-51.5 

60-61.5 16 

70-71.5 

85-86.5 

95-96.5 

110-111.5 27 

NP=Nonplastic 

RB&G ENGINEERING, INC. 
Provo, Utah 

IN-PLACE ATTERBERG LIMITS MECHANICAL ANALYSIS UNIFIED 
UNCONFINED SOIL 

COMPRESSIVE CLASSIFICATION 
DRY STRENGTH SYSTEM I LIQUID PLASTIC PLASTICITY PERCENT 
UNIT MOISTURE Ipsfl LIMIT LIMIT INDEX PERCENT PERCENT SILT IAASHTO 

WEIGHT '''' 1%1 1%) 1%1 GRAVEL SAND & CLAY 
Classification) 

Ipef) 

21.6 67 22 45 0 5 95 CH I A-7-6(48) 

59.0 68.3 562 37 27 10 0 0 100 MLI A-4(12) 

21.8 NP 0 46 54 ML I A-4(0) 

21.9 19 17 2 0 14 86 ML I A-4(0) 

22.0 NP 0 53 47 8M I A-4(0) 

85.1 31.7 1749 40 19 21 0 0 100 CL I A-6(22) 

26.5 NP 0 79 21 8M I A-2-4 

79.2 36.5 2561 34 19 15 0 3 97 CLI A-6(15) 

83.5 35.3 3267 67 25 42 0 1 99 CH I A-7-6(48) 

37.4 56 26 30 0 6 94 CH I A-7-5(32) 

26.7 NP 3 71 26 8M I A-2-4 

a 111&£111 IF 7 _1III1i1l tltE. film IlIlI!gl!l;!IIIF • _ mill! 

H:\2006\IOO_LegacyPkwy General\I04_Legacy Pkwy Bridge S4\LabTesting\LabSUlrunary.0506.doc 
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APPENDIX D 
Supplemental Data 



Recommendations for LPILE and GROUP analyses. 

Project: Legacy Parkway by: srj 
Structure No: 
Description: 

...;."F....;-7-.,;;0..;;;;2A~ _____ FAK No: 
Center Street over Legacy Parkway 

4 date: 6/19/2006 

Exist. Ground Surface Elev: 4211 ft 
----~~~--------Est. Pile Tip Elev: 4103 ft 
------~~--------Pile Length Below Ground: _______ 1_0S-'--ft'---____ __ 

Pile Type: _ _"C.;...lo_s_e.;...d-~E~n":","d...;.P:-,ip,,::e~P.;...ile,--
Size: ___ ~:-1.:..;6~in~c:-:-h..;:O;..;;.D=-:..... _ 

Water Table: ____ ---"-U-"-p"'-pe.;;...r_5;....~;..;;e_"e.;;...t __ _ 

Soil Layers Max Unit Resistance 
Thickness Top Elev Bottom Elev Eff. Unit Wt. Cohesion Strain Factor Friction Angle p-y Modulus, k Side End 

(ft) (ft) (ft) 
Soil Type (p-y model) 

(pci) (psi) £so (degrees) (pci) (psi) (psi) 
21 4211 4190 Soft Clay (Matlock) 0.022 1.4 0.02 0 25 1.4 0 
16 4190 4174 Liquefiable Sand 0.028 0 0 0 20 2.0 0 
39 4174 4135 Soft Clay (Matlock) 0.028 5.6 0.015 0 50 4.3 0 
4 4135 4131 Sand (Reese) 0.030 0 0 34 60 14.4 0 
28 4131 4103 Soft Clay (Matlock) 0.029 4.5 0.015 0 45 4.5 510 

Other Considerations 

Corrosion of Pipe Pile 
Reduce Pipe pile wall thickness by 1/16 inch to account for corrosion. 

Group Effects 
Use P-Multipliers for pile groups as outlined in AASHTO LRFD 2006 Interim Section 10.7.2.4 

Abutment Fill 
For the length of the pile extending through the abutment fill: 
For Effective Unit Weights use 0.072 pci (regular weight) or 0.046 pci (pumice) 
Assume Friction Angle of 34 degrees for conventional fill, and 38 degrees for pumice. Consider reduced parameters for loading towards MSE wall face. 
Use Subgrade Modulus k = 90 pci for fill above water table, with Max. Unit Side Resistance of 2 psi. 

MSEWalis 
For piles located less than 6B from MSE wall, use P-Multiplier of 0.3 or less for the MSE fill layer when loading 
is perpendicular to MSE wall face. MSE wall designer should be notified if MSE fill will be relied upon 
for lateral pile resistance. 
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Legacy Parkway Project 
Summary of Lateral Earth Pressure Recommendations 

Recommended Soil Parameters 

Total Unit 
Internal 

Fill Description Weight 
Friction Cohesion 

Comments 
Angle (pst) 

(pct) 
(demees) 

Sandy Gravel 150 38 0 Recommend 150 pcf and 38 degrees for loads, and 125 pef 
Silty Sand 125 34 0 and 34 degrees for resistance.* 
Pumice 85 38 0 Recommend 85 pcf for loads and 80 pet for resistance.* 

*RecommendatJons per Memo dated Apnl 18, 2006 

(1) Active Lateral Earth Force (yielding walls) In the equations listed herein: 

P A = 0.5KA yH2 (triangular distribution) 

KA = 0.24 for Sandy Gravel and Pumice 

0.28 for Silty Sand 

(2) Passive Lateral Earth Force (yielding walls) 

Pp = O.5KpyH2 (triangular distribution) 

Kp = 4.2 for Sandy Gravel and Pumice 

3.5 for Silty Sand 

(3) At-Rest Lateral Earth Force (non-yielding walls) 

Po = 0.5KoyH2 (triangular distribution) 

Ko = 0.38 for Sandy Gravel and Pumice 

0.44 for Silty Sand 

y = effective unit weight of soil 

H = height of wall 

(4) At-Rest Lateral Earth Force Modified for (;ompaction (non-yielding walls) 
Use if activity of mechanical compaction equipment is anticipated within a distance 
equal to half the wall height. 

General Equations for walls less than about 8 feet high 

Po* = O.5KoyH2 (triangular distribution) 

Ko * = 2.8 for Sandy Gravel and Pumice 

Walls greater than 8 feet high should be considered on a case-by-case basis. 
Pressures listed above may be reduced by limiting size of compaction equipment 

permitted within a distance equal to half the wall height. 

{5} Seismic Lateral Earth Forces (yielding walls) 
Probabilistic Peak Ground Accelerations 

General Bridge Site Location 10% PE in 50 Years 2% PE in 50 Years 
From Mill Creek North 0.22Q - 0.26Q 0.60Q - 0.63g 
South of Mill Creek 0.26Q - 0.30g 0.65Q - 0.73g 

Equations by Okabe (1926) and Mononobe and Matsuo (1929). referenced in Kramer (1996) 

Total Active Thrust 

P AE = O.5KAE'YH2 

KAE = (see table below) 
Dynamic Component 

llP AE = P AE - P A P A has triangular distribution (resultant at H/3 above base of wall) 

llP AE acts at about 0.6H above base of wall (same direction as P A) 



(5) Seismic Lateral Earth Forces (continued from previous page) 

Total Passive Thrust 

PPE = O.5KpEyH2 

KpE = (see table below) 
Dynamic Component 

llPPE = Pp - PPE Pp has triangular distribution (resultant at H/3 above base of wall) 

llPpE acts at about O.6H above base of wall (opposite Pp) 

Dynamic Earth Pressure Coefficients (for minimal wall displacement*) 

Friction Peak Ground Acceleration 
Case 

Angle 0.25 0.30 0.63 0.73 

Active 38 0.35 0.38 0.65 0.77 
(KAE) 34 0.41 0.44 0.75 0.92 

Passive 38 3.77 3.68 3.01 2.76 
(KpE) 34 3.14 3.05 2.39 2.11 

* Assumes kh = 0.8PGHA. See memo dated April 18, 2006 

Dynamic Earth Pressure Coefficients (for wall displacement up to 10A inches**) 

Friction Peak Ground Acceleration 
Case 

Angle 0.25 0.30 0.63 

Active 38 0.31 0.32 0.44 
(KAd 34 0.36 0.37 0.51 

Passive 38 3.94 3.89 3.51 
(KpE) 34 3.29 3.24 2.89 

** Assumes kh = 0.5PGHA. See memo dated April 18, 2006 

(6) Seismic Lateral Earth Pressures (non-yielding walls) 
Equations by Wood (1973), referenced in Kramer (1996) 
Dynamic Thrust 

llP eq = ah yH2 

ah= Peak Ground Acceleration Coefficient (PGA/g) 

Dynamic Overturning Moment 

llMeq = O.53ah yH3 

Point of Application of Dynamic Thrust 

heq = IlMe/ IlP eq 

== 0.53H 

References 

0.73 

0.49 
0.56 

3.38 

2.77 

Kramer, S. (1996). "Geotechnical earthquake engineering," Prentice Hall, Upper Saddle River, NJ. 
Mononobe, N. and Matsuo, H. (1929). "On the determination of earth pressures during earthquakes," 

Proceedings, World Engineering Congress, 9 p. 
Okabe, S. (1926). "General theory of earth pressures," Journal of the Japan Society of Civil Engineering, 

Vol. 12, No.1. 



.. RB&G Engineering, Inc. 

Memo 
To: 
From: 
cc: 

Sohail T. Khan, P.E; Larry Reasch, P.E. 

Brad Price 1 Rob Johnson 

Steven K. Doerrer, PE; Brian Byrne, PE 

April 18, 2006 Date: 
Re: Response to Design Criteria Questions 

Responses to the questions submitted by Steven Doerrer are listed below. The email listing the 
questions is also attached for reference: 

1) As discussed on last week's conference call (4/26/06), recommended total unit weights for fill 
material are as follows: 

• Regular-Weight Fill - 150 pet for load calculations, 125 pcf for resistance calculations 

• Lightweight Fill (Pumice) - 85 pcf for load calculations, 80 pcf for resistance calculations 

It has been noted that the unit weight of regular-weight fill varies widely depending upon the 
source. However, it is our understanding that it is not desirable to limit the potential regular­
weight borrow sources by specifying a permissible I ell lye of fill unit weight. In the interest of 
conservatism, we recommend using the larger unit weight to calculate soil loads, and the 
smaller unit weight to calculate soil resistance. The following values are recommended for fill 
friction angle: 

• Regular-Weight FiII- 38 degrees for load calculations, 34 degrees for resistance 

• Lightweight Fill (Pumice) - 38 degrees for load and resistance calculations 

2) The Mononobe-Okabe equations are in accordance with AASHTO LRFD A 11.1.1.1 and do 
not include inertia forces. Page 11-85 of the AASHTO LRFD states that it is not conservative 
to neglect inertia forces of the abutment mass. We believe it is appropriate to add seismic 
inertia forces of the heel backfill and concrete abutments. 

3) The dynamic earth pressure coefficients provided previously, KAE and KpE, are for total active 
and passive thrust, respectively, and include both static and dynamic components. The 
dynamic components are 6~E and 6KpE and are computed by subtracting the static force 
from the total thrust as shown on the memo. It should be noted that the equations by Wood 
(1973) for non-yielding walls provide only the dynamic thrust components of force and 
moment, and do not include static components. 

4) In the memo dated 04/17/06, the horizontal acceleration coefficient kh was assumed to be 
80% of the peak horizontal ground acceleration coefficient for calculation of the Mononobe-
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Okabe coefficients KAE and K pE. AASHTO LRFD A 11.1.1.2 states that a ~ value equal to V2 
the PHGA is adequate for most design purposes, provided that allowance is made for an 
outward displacement of the abutment of up to 10A inches (see page 11-88), where A is the 
maximum acceleration coefficient (PHGA). Mononobe-Okabe coefficients for the 50% 
reduction are summarized below, and may be used if allowance is made for the 
corresponding displacement. 

Friction Peak Ground Acceleration Coefficient 
Case Angle 0.25 0.30 0.63 0.73 

Active 38 0.31 0.32 0.44 0.49 
(KAE) 34 0.36 0.37 0.51 0.56 

Passive 38 3.94 3.89 3.51 3.38 
(KpE) 34 3.29 3.24 2.89 2.77 

If displacement must be minimized, we recommend that the factors shown in the initial memo 
(04/17/06) be used. 

It should be noted that the Mononobe-Okabe factors provided to date neglect vertical 
acceleration. Seed and Whitman (1970) concluded that vertical accelerations can be ignored 
when the Mononobe-Okabe analysis is used to estimate PAE for typical wall design (see 
Kramer, 1996). It is estimated that positive vertical accelerations, if considered, may increase 
the Seismic Active Thrust coefficient (KAE) by as much as 30%. If desired, the coefficients on 
the table above can be refined to consider vertical acceleration once Peak Vertical Ground 
Accelerations have been determined (see Response No.7 below). 

5) We can evaluate the potential pile capacities at different depths and provide results along 
with uplift. It is assumed that the request of estimated pile tip elevations for compression 
resistance of 70, 100, and 120 tons applies only to the Pedestrian Bridge over Legacy 
Parkway (P-21). At any bridge we can evaluate the potential for providing a specific 
resistance per pile if we are provided with the desired resistance values (see also Response 
No. 6 below). The given extreme event capacities assume a resistance factor of 1.0, and are 
reduced for potential liquefaction. 

6) It is possible to consider pile diameters larger than 16", although driven piles with 
diameters/widths greater than 16" are somewhat rare locally and local pile driving capabilities 
may be limited. Also, it is our understanding that a consistent pile section is preferred for the 
project to limit potential errors and confusion (primarily during construction). Is increased axial 
resistance the only reason for considering larger diameter piles? We would like to know the 
specific purpose for considering other diameters (such as target resistance values), as it 
would be inefficient to estimate capacities for an unlimited range of diameters, toe elevations, 
etc. 

7) Kleinfelder is working on site-specific response spectra for 1250 West and State Street. It is 
our understanding that this data will be used to develop general response spectra (including 
vertical accelerations) for use at all bridge sites. 

8) It was agreed at a previous meeting that the structural firms would perform the LPILE 
analysis using soil parameters provided by the geotechnical engineer. We recommend that p-
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multipliers be used as input in LPILE or GROUP to account for group effects. As noted on the 
LPILE parameters sheet included with the initial recommendations for each structure, p­
multipliers for laterally-loaded pile groups are outlined in AASHTO LRFD 10.7.2.4. The 
factors listed in the 2006 LRFD interim are in relatively good agreement with full-scale pile 
group lateral load tests performed at the Salt Lake City International Airport, where shallow 
soils are reasonably representative of the shallow soils typically encountered at the Legacy 
bridge sites. 
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