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LEGACY PARKWAY 

UTAH DEPARTMENT OF TRANSPORTATION 
SP-0067(5)O 

GEOTECHNICAL INVESTIGATION REPORT FOR STRUCTURES 

Structure F-718 - 500 South over Legacy Parkway 
Structure 0-843 - 500 South over Multi-Use Trail 

1.0 GENERAL 

This report presents the results of geotechnical investigations and provides foundation 

recommendations for the following structures located within the Legacy Parkway project: 

• F-718 - 500 South over Legacy Parkway 

• D-843 - 500 South 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 structures. 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 

Bridge structures do not presently exist at the 500 South Bridge site, located in 

Davis County. The 500 South multi-use trail crossing (D-843) and bndge over 

Legacy Parkway (F-718) will be located approximately 1,600 to 2,000 feet west 

of the intersection of 500 South (Bountiful) and Redwood Road, respectively. The 

adjacent cities at this location are West Bountiful to the northeast and Woods 
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Cross to the southeast, with Great Salt Lake wetlands encountered west of the 

Parkway alignment in this area. 

1.1.2 Proposed Improvements 

New structures will be built at locations where the Legacy Parkway roadway and 

trail system will cross existing streets, waterways, and other facilities. Bountiful's 

500 South Street approaches the Legacy Parkway from the east, but presently 

terminates at Redwood Road, some 2,000 feet east of the Parkway in this area. 

The street will be extended west to the Parkway and an interchange will be 

constructed at the intersection. It is our understanding that the 500 South Bridge 

over Legacy Parkway will be a two-span structure incorporatmg MSE walls at 

each abutment, and the multi-use trail will cross beneath 500 South in a 

tunnel/culvert type structure. Preliminary drawings of the proposed structures 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 Bnnckerhoff 

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 proj ect. It should be 

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

Segment 2 of the Design Build project was to begin about 1000 feet north of Center 

Street (North Salt Lake) and continue in a northwesterly direction to the vicinity of the 

Bountiful City landfill Borings and CPT soundings were performed for the bridge 

originally contemplated at 500 South Street, and a roadway boring was perfonned about 

250 feet east of the bridge. 

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 

Five Hundred South is a two-lane paved road approaching the bridge site from the east before 

turning south onto Redwood Road about 2,000 feet east of the site. The proposed Parkway will 

travel in a generally north-south direction, with 500 South Street crossing over the parkway and 

trail. No buildings were observed within a 1,000-foot radius of the bridge site. Canal Al flows 

from south to north about 600 feet west of the bridge site and crosses beneath the existing gravel 

access road (extension of 500 South from Redwood Road intersection). Three Hundred South is 

a dirt road running in an east-west direction about 600 feet to the north. Various utility lines exist 

in the area, including overhead power lines and buried utilities such as gas, oil, power, and 

communications lines. 
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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. A few industrial and commercial facilities are located along 

the alignment. 

The 500 South site is relatively flat, with a mound of fill near the southeasterly comer of 

the proposed bridge location. Vegetation throughout this area consists of weeds and 

native grass. Some granular fill had been placed at the site during a previous phase of the 

proJect. A stockpile of steel pipe piles was observed immediately north of the boring 

locations at the time of drilling. 

4.2 SURFACE DRAINAGE 

Surface drainage in the 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. 

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. 
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The general topography of the Wasatch Front is due, in large part, to Basin and Range 

extensional faulting. The Wasatch Fault is an extensional nonnal fault which trends 

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, fonning the Provo shoreline. Due to 

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

modern 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 Fonnation 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 
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study area as Lake Bonneville lacustrine clay and silt, with Holocene to upper Pleistocene 

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 tenninus of the project. Bonneville lacustrine sand and gravel may be 

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

consisting of cobbles and gravel in a sandy matrix. 

As shown on Figure 2a, the 500 South Street site lies near the border of two surficial 

units mapped by Davis (1983), with lake bottom sediments to the east of the site and 

floodplain/delta deposits west of the site. The site lies just beyond the borders of maps by 

Nelson and Personius (1993) and Personius and Scott (1992). Portions of these maps are 

overlaid on the Davis map on Figure 2b, and extrapolation of the two more recent maps 

suggest that lateral spread deposits may be encountered at the site. The deeper soils are 

likely lacustrine clays, silts, and sands. 

Figure 2c shows landslide deposits mapped by Harty and Lowe (1992) in the North Salt 

Lake area. The authors of the map noted that they were unable to confinn that the North 

Salt Lake features are landslides; however, based on surface evidence and geologic 

evidence provided by others, the deposits were believed to be liquefaction-induced 

landslides. The deposits labeled Qmq3 on Figure 2c are believed to predate the Gilbert 

shoreline (about 10,000 years ago); however, the Qml\ zone may have moved more 

recently. It will be noted that the 500 South Site is located within these suspected younger 

Holocene lateral-spread landslide deposits. The literature accompanying the map 

indicates that the possibility still exists for recurrent movement of the North Salt Lake 

landslides during earthquake ground shaking. 

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 of the WFZ. Large 

seismic events on one of the other surrounding less studied faults such as the Great Salt 

Lake fault may also trigger these hazards. 
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Due to the close proxUTIlty of the Parkway to the Great Salt Lake, tiltmg of the lake 

during tectomc 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 

fault toward the west. Studies by Keaton (1987), and Chang and Smith (1998) have 

compared the 7.5 magmtude earthquake at Hebgen Lake, Montana m 1959 to a maximum 

credIble earthquake along the Wasatch Front. Keaton's study shows the area near the 

most eastern extent of Farmmgton Bay to have the greatest potential for floodmg. 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 surroundmg 

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

generate wave hazards m 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 Lm and Wang (1978) the hazard from seiche on the lake is likely low. 

Other hazards mclude shallow ground water and potentIal floodmg. A more detmled 

dIscussion of seIsmic hazards at the 500 South SIte IS prOVIded m SectIOn 5.0. 

4.5 SOIL MATERIALS 

Much of the Segment 1 portIon of the project has been covered WIth a layer of compacted 

granular fill, mcludmg the SIte of the proposed 500 South structures and the temporary 

gravel roadway extendmg west to the site from Redwood Road Bonngs completed at the 

500 South SIte generally encountered soft to stiff clay and silt with loose to medium­

dense sand layers m the upper 45 feet, followed by finn to stIff clay with fewer sand 

layers to about 95 feet. Below 95 feet the bonngs contmued through predommantly stIff 

clay and SIlt with medIUm-dense to dense sand layers up to about 8 feet thICk. The 

deepest bonng extended to a depth of.2.ll..ieet (apprOXImate elevatIOn 3958 feet). SoIl 

condItIons are descnbed in further detail m SectIOn 7.1.2. 

4.6 HYDROGEOLOGIC CONDITIONS 

Groundwater m the Salt Lake Valley occurs m late Tertiary and Quaternary allUVIal and 

lacustrine basm-fill depOSIts that range from coarse gravel to clay Four hydraulIcally 

connected aquifers have been identIfied in the basm sediments: 1) a deep, unconfined 

aquifer m gravelly deposits along the fronts of the Wasatch Range and OqUIrrh 

Mountams; 2) a deep, confined aquifer m the center of the valley m gravel depOSIts 

beneath clay confined beds; 3) a shallow, unconfined aqUIfer m the center of the valley 
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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. The depth to groundwater was measured at each bonng 

location as Indicated on the boring logs and was withIn about 4 to 7 feet of the ground 

surface at the 500 South site at the tIme of drilling (February-March 2006). FluctuatIons 

of a few feet can be expected due to typical seasonal variations At some locatIons wIthin 

Segment I, the existing ground is covered by water 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 matenals were not noted dunng 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 011 drain at the southerly end of 

the project along wIth vanous past and present Industrial SItes located In the VICInity of 

the Parkway ahgnment. The apparent lack of contaminatIon observed by field and lab 

personnel does not preclude the possIble presence of potentially hazardous matenals In 

the project area. 
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5.0 EARTHQUAKE CONSIDERATIONS 

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

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

Wasatch Fault Zone (WFZ) located about 1.9 miles northeast of the 500 South site. The Weber 

segment is capable of generating a magnitude 7.4 earthquake. The Salt Lake City Segment of the 

WFZ is located about 2.4 miles to the southeast with the capability of a magnitude 7.2 

earthquake. The West Valley Fault Zone is located about 6.3 miles to the south. 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 site is located at latitude 40.884° North and longitude 111.93r 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 

27.30 

64.38 

22.16 

2%PE in 50 yr 

65.12 

154.49 

65.01 

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

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

Site Class B/C 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 

clayey soils in the upper 100 feet have average undrained shear strengths of about 1,000 

to 1,300 psf. Based on this infonnation, it is recommended that MCEER Site Class D 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 separate 

report with conclusions and recommendations for applying the site-specific spectra at 

other sites on the project. 
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5.2 LIQUEFACTION AND LATERAL SPREAD 

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

Seed and Idriss (1971). This procedure involves determining 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 (Y oud et aI. , 1997) were applied. 

An evaluation of borings and testing 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 settlement 

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-12-609 19.6 12.6 2.3 1.7 

RSB-12-610 20.2 9.3 .3..-l_ 2.1 

RSB-12-651 * 3.7 2.2 0.2 0.1 

*Bonng 651 only extended to a depth of 78 feet. 

It has been noted that surficial soils in the area are mapped as suspected lateral spread 

deposits. A review of the boring logs does not identify a continuous layer susceptible to 

lateral spread in the upper 30 feet of the soil profile. Some deposits susceptible to lateral 

spread were encountered between depths of about 31 to 41 feet in Borings 609 and 610. 

Boring RSB-12-651 did not encounter soil layers exhibiting lateral spread potential. 

Empirical evidence indicates that significant lateral spread displacements usually are 

limited to sites where the top of the susceptible soil layer is within 10 meters (about 33 

feet) of the ground surface (Bartlett and Y oud, 1992). Due to the depths and apparent 

discontinuity of potentially susceptible soil layers, lateral spread mitigation is not 

considered necessary at this 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. Logs of 

subsurface investigations performed by Kleinfelder are also reproduced in Appendix B 

and are labeled with the prefix "SB" for borings and "SC" for CPT holes, followed by the 

Design-Build bridge number, then the boring number. It will be noted that the 500 South 

site is number 12, based on the Design-Build bridge number. Roadway borings 

perfonned by Kleinfelder are labeled with the prefix "RB". 

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 perfonned 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 of30 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 detennined to be about 72%. The CME-55 No.2 rig uses a 

rope and cathead hammer which was detennined by UDOT to have an average energy 

ratio of about 55%. 

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 

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 
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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. If the 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: 

1) Mechanical Analysis 
2) Density 
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3) Natural Moisture Content 

4) Atterberg Limits 

5) Unconfined Compressive Strength 

6) Triaxial Shear 

7) Consolidation 

8) Direct Shear 

9) pH, Resistivity, Sulfates, and Chlorides 

Laboratory testing was performed 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 performed 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 DESCRI PTION 

7.1.1 General 

It is our understanding that _S~lllcture J? -718. ~iJI. b.t:: .. ~.t":'Q~§P.':U:U;9.nc;r~te _bridge 
structure with MSE walls at each abutment. The bridge is expected to be about 55 

feet wide' with two 90~foot long spans, for a total bridge length of about 180 feet. 
Structure D-843 will be a culvert/tunnel type structure approximately 27 feet wide 
bY·'i44 feet long. Controlling loads for th~ i>i1s' bridge have been provici'e-d"by 
'Uie structural ':'englheer and are shown on the table below. Loads for Structure D-

843 have not been provided 

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

F-718 
Abut 1 3225 2505 
Bent 2 6464 5036 500 South over LP 
Abut 3 3225 2505 

7.1.2 Subsurface Conditions 

130rings completed at the site by Kleinfelder encountered primarily medium-stiff 
to stiff lean to fat clay and silt interbedded with some silty sand layers in the 
upper 50 feet, followed by medium-stiff to very stiff clay and silt with some sand 
to about 100 feet. Soils encountered below 100 feet were predominantly stiff 

clays and silts, with occasional medium-dense sand layers up to about 8 feet thick. 

Boring,f(j~. extended to a depth of 202 feet. Boring 265 extended to 253 feet. 
Boring 371 ,extended to 102 feet. 

The log for CPT S.C::J.2;:2(j4 provided in the Kleinfelder report interpreted the 
subgrade soils as interbedded clay and silt in the upper 9 meters (about 30 feet), 
followed by sand from 9 to about 11.2 meters (about 37 feet), then interbedded 
clay and silt to about 29 meters (95 feet). Below 29 meters, the soils were 
characterized as layers of sand and silt to the bottom of the sounding at a depth of 
about 33.7 meters (110.5 feet) below the ground surface, where the CPT probe 

encountered refusal. 

Boring RSB-12-pQ.2.was drilled near the proposed west abutment (Abutment 1) of 

Structure F -718, while Boring RS}3-12-610 was drilled at the proposed center 

bent location (Bent 2). Both borings encountered some gravel fill at the ground 
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surface (up to about 4.5 feet thick), followed generally by soft to stiff lean clay 
with silty sand layers up to about 2 feet thick to a depth of 25 feet. Between 25 
and 42 feet, the predominant soil type was silty sand and sand with silt, with 

interbedded soft to finn clay layers up to about 3 feet thick. The sands in these 
zones were generally in a medium-dense condition and susceptible to 
liquefaction. As noted above in Section 5.0, some deposits between about 31 and 

41 feet were loose enough to indicate lateral spread potential; however, the depth 
and general discontinuity of these deposits reduces the likelihood of lateral 

spreading. The borings encountered primarily stiff lean clay from 42 to 100 feet. 
Below 100 feet, stiff lean clay remained the predominant soil type, with 
occasional layers of relatively dense sand and non-plastic sandy silt up to about 8 
feet thick. Boring 609 tenninated in sandy lean clay at a depth of 150 feet, while 
Boring 610 tenninated in fat clay at 155 feet. 

~~~!lgJ~.§J~:lZ-,:.R.5l was drilled at the proposed multi-use trail undercrossing 
location, and below a 2-foot surface layer of clayey gravel fill encountered 
primarily finn to stiff lean clay with relatively infrequent sand and silt layers up to 
2.5 feet thick to the bottom of the boring at a depth of 78 feet. 

It should be noted that some fat clay layers were encountered at various depths in 
each boring. Boring 609 encountered fat clay layers 3 to 5 feet thick at depths of 
about 95 and 105 feet. Boring 610 identified fat clay between depths of 149 and 

155 feet. Boring 651 encountered fat clay between about 16.5 and 23 feet. The 
liquid limit of the fat clay samples tested in the laboratory ranged from 50 to 60, 
while the plasticity index was between 26 and 38. 

7.1.3 Groundwater Conditions 

Groundwater was encountered at a depth of 4.0 feet (about elev. 4219 feet) in 
RSB-12-609, at a depth of 6.7 feet (about elev. 4216.7 feet) in RSB-12-610, and 
at a depth of 7.2 feet (about e1ev. 4216.8 feet) in RSB-12-651 at the time of 
drilling (February-March 2006). It is anticipated that up to two feet of fluctuation 
may occur due to typical seasonal variations in precipitation and climatic cycles. 

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 
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magnitude of structural loads (including seIsmIC design requirements) and 

generally low bearing resistance of shallow soils, deep foundations are expected 

to be the most efficient foundation type for major bridge structures on the project. 

The depth to competent bearing layers, along with foundation settlement 

considerations, favors the use of driven piles rather than drilled shafts. Given the 

anticipated subsurface soil and groundwater conditions, driven piles can be more 

readily installed to greater depths than drilled shaft foundations. 

It is our understanding that the abutment foundations for Structure F-718 are 
expected to consist of a single line of 15 piles, while the bent loads will be 
supported by four columns on separate footings, with 20 piles beneath each 
footing on a 4 by 5 grid. Preliminary structure drawings indicate that large 
monuments to be installed at the comers and ends of abutment MSE walls will 
also be pile-supported, as will the culvert type multi-use trail undercrossing (D-
843). The loading for the "minor" monuments at the ends of the abutment MSE 
walls is expected to be 52kips Strength I and 40 kips Service Load per pile. 

I ....... . 

I 

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 

Axial compression resistance values have been estimated for 16-inch OD 
concrete-filled steel pipe piles. The analyses were perfonned using the FHW A 

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. 

Location 

Pile Data Parameters F-718 F-718 F-718 Minor 
Abut 1 8ent2 Abut 3 Monuments 

Estimated Pile Tip Elevation (ft) 4105 / 4102 4101 4182 

Elev. of Min. Acceptable Pile Penetration (ft) 4108 4105 4104 4182 

Strength I Axial Compression Resistance (kip) 335 335 335 79 

Extreme Event I Compression Resistance (kip) 484 484 484 90 

Required Driving Resistance (kip) 516 516 516 122 -
It will be noted that the resistance values are the same for each abutment and 

bent; however, the recommended tip elevations vary across the site. If piles 
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are used to support the 0-843 trail culvert, the values shown on the table 

above for F -718 Abutment 3 may be used. 

The recommended pile tip elevations for the minor monuments are only abou,t 

41 feet below the existing ground surface. The Strength I Resistance of 79 

kips is significantly greater than the Strength I Pile load of 52 kips per pile; 

however, we recommend that all piles supporting axial loads extend to a tip 

elevation of 4182 feet or deeper to avoid bearing in or above significant / ( 

liquefiable layers identified in the borings. 

The estimated tip elevations for bridge foundations are located within zones of 

sand shown on the boring logs. While it i~ preferred that the observed pile 

driving resistance demonstrate a noticeable increase over the last 2 to 3 feet of 

driving (indicating that the pile tip has encountered the sand layer), such an 

increase is not expected to be necessary to meet pile capacity requirements. 

Because the sand layers at the pile tip elevations are relatively thin (only about 

5 to 8 feet thick), the pile tips were assumed to be located in clay for 

computations of anticipated end bearing resistance. The elevation of minimum 

acceptable pile penetration is 3 feet above the estimated tip elevation at each 

foul1QatiQIl location. 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. 

The estimates listed above assume that new embankments will be constructed 

with lightweight material and/or surcharged such that significant embankment 

settlement 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 layouts. 

• Abutments with a single row of 15 piles spaced at 4.25 feet on centers 

• Bent pile groups having 20 piles on a 5 x 4 grid in an area measuring 

about 17.3 feet square (to outer edges of piles). 

In both cases, the potential for group (block) failure was found to be less 

critical than the axial compressive resistance of individual piles. Group 
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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 .!l~il)gh. The analyzed 
driving systems were a Delmag D 25-32 diesel hammer with the 

manufacturer's recommended hammer cushion, and an IHe S-90 
Hydrohammer, without cushioning. The results of the analyses are 

summarized below. 

3/8" Pipe Thickness 1/2" Pi(2e Thickness 

Q; Maximum Maximum 
E Ultimate 

Compress. 
Blow Ultimate 

Compress. 
Blow 

Stroke E 
Capacity Count 

Stroke Energy 
Capacity Count 

Energy 
co 

I Stress (ft) (kip-ft) 
I (kips) 

Stress (ft) (kip-ft) 
(kips) 

(ksi) 
(per foot) 

(ksi) 
(per foot) 

300 25.6 34 7.3 31 350 25.1 42 7.6 30 
N 350 26.3 52 7.5 32 400 25.6 61 7.8 30 M 

I 
l!) 

N 400 26.9 
0 

88 7.7 33 450 26.1 94 7.9 31 

430 27.2 124 7.8 2~~ ~48o 26.3 122 8.0 31 
"-. .;. - -

400 46.4 40 6.6 58 400 44.1 30 6.6 59 . 
0 

450 46.5 64 6.6 58 450 44.1 40 6.6 CJl 59 
I 

(f) 

() 500 46.6 109 6.6 58 515 44.2 64 6.6 59 
I - 515 46.6 125 6.6 58 585 44.2 117 6.6 59 

• S-90 assumed to operate at 95% efficiency. 

It will be observed from the table that onl the IHe S-90 hammer appears 

capable of driving piles to the required driving resistance of 516 kips without \\ 

significantly exceeding a hammer blow count of about 10 blows per inch. The \ 
calculated driving stresses are greater for the IHe 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 be successfully driven to the required driving resistance 'Yi!~ ) 
ei ther hammer system. A refined wave equation analysis should be perfonned 

for the proposed pile driving system prior to mobilizing the pile driving rig to 

the site. 
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Pile driving should be monitored to ensure that driving stresses do not exceed 
90 percent of the yield strength of the steel piles. Based on the WEAP 
analysis, the yield strength of the steel pipe should be at least 52 ksiJ!'he 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 tht;: required 

driving resL~.~~E~e 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. It is anticipated that piles may be 
driven to the estimated tip elevation with less difficulty during initial driving 
conditions (prior to set-up). After set-up has occurred, it may be much more 
difficult to re-mobilize the pile. 

7.2. 1.2 Foundation Settlement 

Pile resistance analyses were perfonned 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 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 32.0 kips p~r. pile. To account for potential corrosion, we recommend 
that the structural capacity evaluation be performed assuming 1116 inch of G J 
corrosion will occur on the exterior of the steel pipe. 

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 
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liquefaction is expected to be somewhat less than the settlement of the 

surrounding ground surface. The maximum estimated ground settlement due 

to liquefaction at this site is about 2 inches. 

Consolidation settlement of an individual bent fou at Structure F -718 
~--.~--~~'" 

was estimated assuming a S x 4 grid of 20 piles in an area measuring 17.3 feet 

square. Assuming an axial compression service load of 12S9 kips acts on the 

footing, the calculated _<;<?!1~91idati9l.! settlti.l1lent of the pile group is aboJ:!!.. 01 
~s. It is therefore anticipated that pile group settlement for bent footings 

will be less than 1 inch. 
~-... -~-~-

Consolidation settlement of aQl!:.>t ~,_.pjle_ . .gro.ups at Structure F-718 was 

estimated assuming a single row of IS piles spaced at 4.25 feet on centers. 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. It was als() assumed that the placement of 

~mbankment fill would leave the subgrade_ soils in a nonnally-consolidated 

state. Assuming an axial compression service load of 2S0S kips acts on the 

footing, the calculated ~melJ.-t of the pile group is \.5 inches,; The cohesive 

soil layers contributing to the pile group settlement were noted to have 

relativ.ely frequent sand and silt lenses and layers, and it is exp~~!~9: ~hat at 

least 112 inch of the calculated consolidation settlement will occur prior to 

final P"~Vil~. of the bridge. It is also our understanding that the 2S0S-kip 

abutment service load includes some transient loads. Transient loads are not 

expected to contribute significantly to pile group settlement. It is ..!b<~!:~<?re 

~nticipated tl!aL.th~ nost-construction pile group settlement will not exceed 

one inch. 
"""'_ • 4 

Consolidation settlement of the pile groups supporting minor monuments was 

calculated assuming a group of six piles in a plan area 15.3 feet long by 1 0.3 

feet wide supporting total group service load of 240 kips. 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. It was also assumed that the placement of embankment fill would leave 

the sub grade soils in a nonnally-consolidated state. The .cakulated_pi1e.~gmup 

settlement for the minor monument foundations was L25.~ .,inches. It is 

anticipated that at least 114 inch of this settlement will occur prior to 

completion of the project, and that the post-constlllction settlement will not 

exceed one inch. 
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7.2.1.3 Uplift 

Uplift capacities for individual piles computed using LRFD Procedures are 

131 kips per pile for the Strength I limit state and 466 kips per pile for 

Extreme Event 1. 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: 

• Abutments with a single row of 15 piles spaced at 5.25 feet on centers 

• Bent pile groups having 20 piles on a 5 x 4 grid in an area measuring 

about 17.3 feet square (to outer edges of piles). 

In each case, the uplift resistance of the group (block failure) was found to be 

greater than the sum of the uplift resistance values of individual piles in the 

group. It is therefore recommended that the uplift resistance for pile groups at 

these structures 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 recommend~tjg:p...§~ for evaluation of lateral load 

response using the computer programs LPILE and GROUP are included on a 

summary sheet in Appendix D. ! Nee.18 -t., r""vt.Jc oft.... lo.:t("~<' plk c ..... ')4'J. 
t::. vS A lAP.. 

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 sites of 
the ro osed 500 South Street structures can be Q idered to have low 

vari~bUity. For Structure F-718, the minimum number of tests is 4. Additional 

PDA testing may be necessary if pile driving conditions indicate significant 

variability in the soil profile at a given abutment or bent. 
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Pile resistance and driving criteria from PDA testing should be determined 

from "Beginning of Restrike" conditions. A minimum_<?L~,1Jl~y,r§,;;et-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 4 to 7 feet of the existing ground surface 

at the time of drilling, and dewatering may be required for construction of pile 

caps at Bent 2 and other construction activities. 

It is recommended that the groundwater be lowered to a depth of 2 feet below 

the bottom of the excavations. It is anticipated that dewatering can best be 

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 500X 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. As a minimum, it is recommended 

that an 8 inch layer of granular borrow be placed below the pile cap to provide 

a working platform. 

Depending upon construction sequence and methods employed; excavation 

and shoring of embankment preload fill may be necessary. Maximum 

excavation slopes in compacted granular fill material of 1 H: 1 V can be used 

for temporary cuts less than 20 feet deep. For temporary cuts between 20 and 

30 feet deep, l.5H: 1 V cut slopes should be used. The stability of cuts in 

uncompacted fill and/or natural sub grade soils should be evaluated on a case­

by-case basis. 

We recommend that preconstruction surveys and vibration monitoring be 

performed for any critical utilities located within 500 feet of the construction 

area. 
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7.2.2 Embankments 

Analyses and recommendations for embankments are provIded m a separate 

report by Klemfelder. 

7.2.3 Retaining Walls 

Analyses and recommendations for retaining walls are provided in a separate 

report by Kleinfe1der. 

7.2.4 Tunnels I Culverts 

The Multi-Use TraIl undercrossing structure at 500 South Street (D-843) may be 

supported on pile foundations using the recommendations of Section 7.2.1 above. 

Alternatively, consideration may be given to supportmg the structure on the 

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

Recommended sub grade parameters for this option are as follows: 

Average Undrained Shear Strength: 600 psf 

Nominal Beanng Resistance: 3084 psf 

Coefficient of Sub grade Reaction· 35 pci 

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

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

values listed herein are applicable to structures placed on the eXIsting sub grade 

soils 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 consolIdatlon. 

If roadway embankments adjacent to the culverts are constructed m 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 cntical for the culverts. 

At some locations, staged construction, lightweIght embankment fill, or sub grade 

remforcement/modlfication may be necessary to provide sufficient beanng 

capaCIty for the new fill and the buried culverts. 

The estImated coefficIent of sub grade reactIOn shown above is for a 12-inch 

square footing area and IS based on typical values for the shallow sub grade soils 

encountered at the site. The coefficient of sub grade reactIOn can be increased to 
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70 PCI by over-excavatmg and placmg 12 mches of compacted granular fill 

beneath the structure 

It IS antICIpated that sIgmficant consolIdatIOn settlement may occur due to 

placement of new roadway embankment at some locatIOns, and that dIfferentIal 

and total settlement consIderatIOns may control the desIgn of the box culverts If 

structures cannot be desIgned to tolerate the antIcIpated settlements, It may be 

advIsable to preload the culvert sub grade area wIth temporary embankment fill, 

allow consolIdatIOn to occur, and then excavate the temporary fill to construct the 

culverts 
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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 = umt weIght of the sOlI (depends on fill matenal) 

H =heIght of the wall 

The earth pressure coefficIent used In desIgmng the walls wIll depend upon 

whether the wall IS free to move dunng backfillIng operatIOns, or whether the wall 

IS restraIned dunng backfillIng If the wall IS free to move away from the sOlI 

dunng 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 dunng backfillIng (as IS 

generally the case wIth box culverts and sIm11ar 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 sol1 

resIstance where the wall IS beIng pushed toward the SOlI It should be recogmzed 

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 mechamcal 

compactIOn eqUIpment IS expected to be operated near non-YIeldIng walls less 

than about 8 feet hIgh ThIS scenano IS antIcIpated dunng 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 

In order to obtam an mdicatIon of the corrOSIVe nature of the subsurface matenal at these sItes, 

resIstIvIty, pH, sulfate, and chlonde tests were performed on soIl samples obtamed m the Test 

Holes The results of these tests are tabulated below 

Test Hole Depth 5011 Type ReSistivity pH Sulfate Chlonde 
(ft) ohm-em (ppm) (ppm) 

RS8-12-609 5-6 5 Lean Clay 15,578 95 113 142 

RS8-12-609 585-60 Silty Clay 19,467 8 1 78 

RS8-12-610 985-100 Silty Sand 20,765 77 54 

The 2006 Intenm LRFD specIfications state that resIstivIty less than 2,000 ohm-cm, sulfate 

concentratIon greater than 1,000 ppm, and pH less than 5 5 (85m hIghly orgamc SOlIs) are all 

mdicatIve of potential pIle corrOSIOn or detenoratIon Due to the hIgh resIstiVIty and pH of tested 

samples, unusual potential for corrosIOnJdetenoratIon of steel pIles IS not anticIpated at thIS sIte 

Type I or Type II cement may be used for concrete at thIS sIte, however Type II cement IS 

preferred for ItS supenor resIstance to detenoratIOn For desIgn of dnven plIes, It IS 

recommended that 1116 mch of corrOSIOn be assumed for all surfaces m contact wIth sOlI or 

groundwater ThIS reductIOn has been accounted for m the pIle analyses descnbed m SectIOn 

72 1 1 

9.0 LIMITATIONS 

The conclusIOns and recommendatIOns presented m thIS report are based upon the results of the 

field and laboratory tests It should be recogmzed that SOlI matenals are mherently heterogeneous 

and that condItions may eXIst throughout thIS SIte whIch were not defined dunng thIS 

mvestIgatIOn If dunng constructIon, condItions are encountered WhICh appear to be dIfferent 

than those presented m thIS report, It IS requested that we be adVIsed m order that appropnate 

action may be taken 

The mformatIon contamed m thIS report IS prOVIded for the speCIfic location and purpose of the 

clIent named herem and IS not mtended or SUItable for reuse by any other person or entity 

whether for the speCIfied use, or for any other use Any such unauthonzed reuse, by any other 

party IS at that party's sole nsk and RB&G Engmeenng, Inc does not accept any lIabIlIty or 

responsIbIhty for ItS use. 
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tlO" of Selected Symbols 
= Floodplain & Delta Complex 
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= Provo Formation & Younger Lake Bottom Sediments 
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Figure 2a Geologic Map A 
500 South Structures 
Legacy Parkway 
Salt Lake / Davis Counties. Utah 

Map modified from: 

Davis. 1983 

Utah Geological and Mineral Survey 



Explanation of Selected Symbols 
= Stream alluvium 1 (upper Holocene) 
= Lateral-spread deposits (Holocene to upper Pleistocene) 
= Lacustrine, marsh, & alluvial deposits (Holocene to uppermost Pleistocene) 
= Lacustrine sUt and clay, undivided 
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Figure 2b Geologic Map B 
500 South Structures 
Legacy Parkway 
Salt Lake / Davis Counties, Utah 

Maps modified from: 

Upper Left - Davis, 1983 (Utah Geological & Mineral Survey) 

Uppper Right - Nelson & Personius, 1993 (US Geological Survey) 

Bottom - Personius & Scott, 1992 (US Geological Survey) 



Oal, 

Brief Explanation of Selected Symbols 
Oal = Stream alluvium 
Olf = Fine-grained lacustrine deposits 
ami = Lateral-spread landslide deposits 
Qmq = liquefaction-induced landslide depoSits 
1 = Younger Holocene 
2 = Older Holocene 
3 = Lake Bonnevile Regressive to early Great Salt Lake 
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Figure 2c Geologic Map C 
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THROUGH 2006. 

CA$T-IN-PLACE cONCRETE: 

DESIGN WAXIAI .. " COYER 

DESIGN WINIIoUot COVER 

SOIL DRY UNIT WEIGHT 

f'e - 4000 PSI: F'y IREINF'.) - 60.000 PSI: n - a 

• 7.10' 

·5.72' 

• XX #/eF 

SO I L SUBWERGEO UN I T WE J GHT - XX #/CF 

, I 
-. I 

1 I 
1 I 
I I 
I I I L __________ L ______ J 

INDEX OF SHEETS 
1. SITUATION & LAYOUT 1 

2. SITUATION & LAYOUT 2 

3· 5011 .. DATA SHEET 

41. rOUNOATlrt<I PLAN 

5.. BARREL DEl A I LS 

, 
I 

I I 1.. ______ ...1 

I I 

, 
;. 

o -. 
;., 

0 

;... 

-TF'S-

1'-2-

I--

1----, 

~q~*==-,,-----~--------

~SE WALL 
ITYP. ) 

N 1'55'38" W 

I.ISE WALL 
I TYP. I 

SODS SlA. 205+43.41 
• Tt.llo 51A. 216+39. aS 

LOCA TlON PLAN 

26' -.tI'" 

24'-0'" 

~"-2- CHAMFER 
(T'I'P.) 

r~l 

~ -T,,--

PRELIMINARY 
NOT FOR CONSTRUCTION 

1'-2'" 

r~' 

zt 141 ; I 
27'-0'" 

::c:: ~I ~I ~I 
0 

~I ~I ~I j:: 

~ ~ " " a:: g ~ 
0 

~I ~I ~I Q.. 
en 
~~5 ~I ~I ~I Q:5 ~ 
~;'5 I I j 
Ou~ • 
~~~ 

I 
L1J~ " 
i!~ ~ 
a:: 
it 
liJ 
Q 

I~ F :x: 
~ ;:, 

"' i f. 
-' 
C( 
a: .... 

>- .., ..... ~ 
C( V'1 ::> III 
~ ::> 0 

"" 
I >- r-et: <! 

C( .... ..J '" a.. -' 0 

~ z 0 

>- 0 I 
a.. u a: ..... V') 

C( .., 
<.!) > <! 
W 0 ::> 
..J ..... 

.n V') 

0 ti~ 
0 ~~ 

'" 'f~ 

SL t. DAVIS cc,,, .. 
0-843 

SHT . ...L OF L 
SECTION THRU S TRUC TURE ENTRANCE ELEVATION IL-__________________________________________ ~====~==~~~ ______ ~~~ 



I 

loISE WALL 

-T .... -

5215+00 

-TFS-

PROPDSED--­
G''''UND 
(TYP. J 

L. 

NSE WALL 
MQl,ENT SLAe 

500S STA. 205+4].-41 
- T TA. 5216+39.05 

5216+00 

1-4'-0" 
LANE 

tl 

2'-6" 
C & C 

COOE 
LANE 

a 

148' -0" 

fr 

PLAN 

..... x. COVER ... 7.10' 

JG~~~--42-43.60 

7.'-0" 

fr 
WQNU!o£NT SLA.B 

LONG I TUO I NAL SEC T/ ON AL ONG - TML -

? 
;., 

9 ... 

4 
~ 

oz 
,4 

O~ 

~ 

0 
W 
~ 

----""I 
j---------_. , __________ J 

j __________ J 

lve too.oo FT 

-TML - PROF 1LE 

-5005- PROFILE 

PRELIMINARY 
NOT FOR CONSTRUCTION 

=-= ~I ~I ~I 
0 

~I ~I ~I j:: 

~ ~ i • 0:: ! 
0 

~I ~I ~I 0... 
tI) 

~~~ ~I ~I ~I e:~~ ~ I ~o~ • .... ~~ 

I , :c::5~ 
ILI~ " 
i!~ ~ 
0:: 

~ 
ILl 
Cl 

I~ J :x: 
~ :;, ~~ ~ 

~:t i 
...J 

.... 
a: 
0- N 

>- .... 0- e 
.... III :::::J .,., 
~ :::::J 0 

"" 
I >-a: .... r-

0- W .... ...J ...J e 0.. :::::J e Z 
>-

:::E e I 
U a: 0.. 
.... .... 0- III 

C> > .... .... 0 :::::J 
...J 0-

.,; III 

0 GlS 
0 il l/1 

SL t. DAVIS 
COUNTY 

0-8 43 
ORc' NO. 

I ~------------------------------------------------------------------------------------~~~ 
SHY • .L ... .lL 



2'-0- 144' -0" '2'-0" i · 3l-16" DIA. CONCRETE PILES If 4' -0· ON CTRS. 

72'-0" 72'-0-

T .... STA. 5215+65.05 L~ '6" CONC. PILES 
El. "'223.02 

I I 
4' -0" t TYP. J 

-·$-·-«i>-·-~·-·$-·~·-$·-~-·~·~·-$--·$-4·-$--·$-·-¢-·-~·-·$-· .-$.-~ $-·-$·-$--·$-·4·-~·-·$-·-¢-·-~·-·$-·-¢-·-$·-~---$-+-$- • 

~I\ 
TWL SU, 5217"'13.05 

V 
EL. 4222.91 

5005 STA. 205"'4),41 · TWL\ V' T ... STA. 5216+39.05 • 
5216+00 52\7+00 

I Nl"S5' 3B"W !! 

jJ ~I ~I ~I 0 ,'\. :l!: , 
~-: g 4'-0" ITYP.} 

818181 - I I 
+·-¢-·-~·--$-·~·-$·-~-·~·-$·-$--·~·4·-~·-·$-·-¢-·-~·-·$-· .-$.--$-.-$-.-$.--$-.~.$-.-¢-.-~.-.$-.-¢-.-$.--$-.~+-$- ~ ~ ~ ~ ~ ]]~, Q.. 

~ Ii 16" CONC. PILEs ~ 
~--500S- ~ ~\ ~I s\ 
~ 

.-; I ! • 15 ~.c.! ... 
~ 37-16· DU. CONCRETE PILES II <I' -0" ON CTRS. il:i i 

~ ~ I Q:: 
2'-0- '4,,'-0· 2' -0" ~ ! § 

LU c:. 
I~ ~ :t: 

l PLAN ~ 
:;, I~ i ; OW 

-' ~ -
~ ..: 

a: 
~ 0-

J >- uJ Z 0 
..: -

I 
..: III 

-' .., 
~ ::;) 

"" 
, n. -- r-

I CI: 
0- Z U) ..: 
-' 0 0 

! 
n. ::;) - 0 
>- ::Il 0- , 

..: a. 
~ 

U a: 0 III ..: uJ z <:> > ::;) 

~ 
uJ 0 0 
-' "-

PILE DATA .,; 

i SERVICE 0 ~~ 
PILE ESTU&lTED WINUIJIII DAD REDIJIRED 

0 i~ L.OCAT I Ott SIZE PILE TIP PILE TIP IDL • LLI DRlvlNC 
.., 

liN. ELEVATION ELEVATION EA PILE 
~H~~TANCE 

J 
SL L DAVIS I FT, (FH IIIP' PRELIMINARY • ABUT 1 1& X x. X.X 1 XXX COW"" 

! ASUT Z 1& XXXX.I XIXX.X "0 XXX NOT FOR CONSTRUCTION 0-8 43 

""""" NO. 

I ..... 
S • ",.Jl. 



LP1 __ 

o 

~ 
"' 

MSE WALL 

HEADER WALL (TYP.) 

--- ----------------~-;~-----------t------------------

STA. 525+25.00 90·0'0" ( TANGENT 90·0' 0" I yp. 

n •. 

.7 

SECTION THRU STRUCTURE 

= TIoL STA. 5000+45.58 

no. 

BOTTOM au. T (TOP SLAB) 

BOTTON ..... T (BOTTOW SLAB I 

. 
% 

% 

6- BY 6-
CHAI#ER I TYP. 1 

PLAN 

TO CURVE) 

536"25·00"E 

2- BY 2-
CHAMfER I TYP. I 

OPTIONAL 
CONS TRUCT I ON 
JOINT ITYP.) 

LEFT HEADWALL SECT/ON 

EACH E"NO) 

~ 

g 
:g 

:; 

i 
::: 

MSE WALL 

PRELIMINARY 
NOT FOR CONSTRUcnON 

NOTES: 

DESIGN SPECIFICATION: 
DESIGN LOADING: 
REINFORCING STE[L.: 
suRFACE TR£ATKNT: 

...... SHTO LRF'D 2004 WI 2005. 2006 INTER IIolS 
HL-93 
AS TN A61S/A615-96g 
AI..l.. CONCRETE SURFACE SHAU RECIEVE 
A GENERAL SURFACE FINISH 

2. SEE RO"'DWAY PLANS FOR CUl..vERT LOCATION. ROADWAY SIlEw 
ANGLE AND ROADWAY CROSS SECTION. 

3. DuRING CONsTRUCTION PROVIOE SUPPORT FOR LOADS IN EXCESS 
OF AASHTO HL-93 

4. PROVIDE A 6" CHAIEER WHEN ANGLE "'A" IS CREATER THAN 45" 
IolAINTAIN ."'Ll THICKNESS FIELD ADJUST REINFORCING TO 
MAINTAIN CovER 

S. SPACE BARS BS (TOP) AND B9 IBOTTOM) WITH A BAR IN EACH 
c~NER AND THE REWA IN INC BARS PL"'CED AT EQUAl.. SPACING. 

6. PLACE aARS a10 AT EvEN SPACES BETWEEN CORNER BARS B8 t TOP) 
... HD a9 I BOTTON,. 

1. FOR CULvERT EXTENSIONS.REWOVE HEAD .... U AND WINGWALlS 
suFFICIENT FOR NEW CONSTRUCTION. CUT BACK 2'-0" OF EXISTING 
CULVERT WHILE AYOIDING DAWAGE TO EXISTING REINFORCEMENT. 
CLE ... N AND STRAIGHTEN EXISTING REINFORCEMENT. LAP "'ND TIE 
EXTENSION REINF~CEIoIENT ONTO EXISTING. 

S. THE COST FOR REIiIlVAL. AND DISPOSAl.. OF MATERIAL FROW THE 
EXISTING HEADWALLS. W'NGWALLS. ANO sox. AND THE COST FOR 
CLEANING. STRAIGHTENING "'ND EXTENOIN~ LONGITUDINAL 
REINFORCEMENT IS INCLUDED IN THE COST F"OR CONCRETE AND 
SlEEL IN THE CULVERT EXTENSION. 

:c: ~I ~I ~I 
0 al alai j:: 

~ • 0 0 
Q: ! ! ! 
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~I ~I ~I Q. 

'" :c:% z 
C« Q ~I ~Ial e:~~ 
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0: II"l « uJ CO 
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uJ CO 0: 
...J III 
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CO tits 
CO i~ II> 
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COUNTY 

0-8 ~3 
."""" HO. 
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APPENDlXB 
Test Hole Logs 



Unified Soil Classification System 

Group 
Major Divisions Sym bois Typical Name! Laboratory Classlric.tion Cril c ria 

Well guded gravels, For /abors/ory 
C = D .. Greater Ihan 4 

Clcln GW gravel-sand m iltlUreS ~ classification of 
II D.o 

Gravell lillie or no fin C5 coarse-grained soils (D..,l· 
Between I and 3 C·_--

C D
IO 

JC DIO 

lill/e 01 110 
Gra vc Is 

lilies Poorly Graded gravels, 

GP gravel-sand m jXlures. 
Not m celing all gradation 

mOI't! lhall lillie or no fines Detcrm inc requirements ror GW 

II (/ (I' (1/ coa I S ~ percentage of 
fracl;oll 

d 
grevelllnd sand 

is III I gel 
Gravell 

Silly gravels, poorly from gUll in -$ ize Atlerberg lim its 
Above "A" line with 

,II"" No 4 GM* :---- graded gravel-send-silt cu rve below "A." line . 
With FinCI m ixlu res or PI less than 4 PI between 4 and 

sieve size U 
Depending on 

7 are bordcrlin e 
appreciable cllses requiring 

COARS E- (In/uUIII uj CIII)'ey gravels, poorly percen lage of fin es 
Allerbcrg lim ils uses ofduDI 

GRAINED lilies GC graded gravcl-sand-clay Uroclioll $m a lie I' 
above "A"line, symbols 

,lrau No 200 $;t!I'e 
SOILS m ixlu res or PI grealer 

size). coarse-

mOle I}, ('" 
gn in cd soils arc 

C • Doo cia IS ified 15 Greater thon 6 
',al) 0./ m lIleri,,1 Well gr.ded sands. 

follows: 
III D

IO 
;$ largel' ,IIl1" SW gravelly sands. lillie or no 

No ](}O sieve 
Clc.n S.ads fin cs C = (D..,l· Behveen I ond 3 

LeiS lh.n 5". C D
IO 

X D60 
lillie or II 0 OW, OP, SW, Sf 

Sands 
filles Poorly graded sands. 

SP gravelly sands. litlle or no More lh.n 12"~ NOI meeling all gradation 
mU"1! thl/II requirements for SW 

',oU'oj COl/I'St! tin es OM, OC, SM, SC 

',n c,ioll 5-41011-/. 
is SDI Q lie, d Borderline cases Allerberg lim its SORd. Silty sands. poorly graded Above "A"line with II,aJl No 4 SM" ,- requiring use or below "A" line. 

wilh fla cs sand-sill mixlurcs PI between 4 and sIeve ,HZ I! 
U dualsymbols·· or PI less than 4 

7 are borderline 
('I'I',ecitlble coses requ ir ing 
(1m orr,,' oj CI.yey sands. poorly Allerbcrg lim its uses of dUD I 

fill ~s SC graded salld-clay above "A"linc, sym bois 

m iJ.lIJ.Ct!-S. M P\ gf~lo\~l' 

Inorglnic sills and very 
fine sal1dS, rock flour, For laboratory 

ML silly or cllyey fine sinds classification of 

or clay'y sills wilh slighl 
fins-grained soils 

pia s licily 

Sill. IRd Cloy. 
In org. n ic cia ys of low to 

liquid limit;s CL 
m ediu '" pla.Hidly, AA 

less II,UII 5 () 
gravelly ell),S. sandy 
clays, sill)' clays, leln 

50 ~ 

FINE- da ys 

GRAINED ~ ~O 
SOILS OL Organic sillS and organic .5 Lf I ~ 

sill-clays of low plaslicity ~ 30 
mUll: 11,,," U h ~ 1101} oj' m Dlel'ial 1 20 ciHo, MH 

;$ smalle,' ",all Inorganic sills. micaceous a: l6 : 
No ]00 $ ;f!ve MH or diatomaceous finc 10 

.andy or silly soils. 
elastic sillS 0 

Silr. and Clays 0 10 20 30 40 50 60 70 80 90 '00 

JiL/uid limit;s CH In OT ga 11 it,; c1a ys of tdgh LIqUid Limit 
pl.atici'y. fa' clays 

grc.'QIf!r ,hnll J(J 
Plasticity Chart 

OH 
OrBa n i.:: cia ys of m cd iu n1 

to high plasticily. organic 
sills 

HIGHLV ORGANIC SOILS Pt Pea. and o.her highly 
org. n ic soils 

·Division of GM an d SMgroups into subdivisions ocd and U for roads and airfields only. Subdivision is b. sed on Alterberg limits; suffix dused when 
liquid limit is 28 or le,1I and Ihe PI i.s 6 or lesl, Ihe sum .. Uused when liquid limil is gre.fer th.n 28. 

"BorJe-rline.' dnssijknl;(JII: Soils pOlsclSing characteristics of.wo group. aro designaled by combinalions of group symbols . (For example GW-GC, well 
ended grayel-sand n1 ixlure wilh cI.y biner . ) 

O:\Charts\UscsORIGINAl.wpd RB&G ENGINEERING, INC. 2/5199 



NEW TEST HOLES 
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(2006) 



F-718 

500 South over Legacy Parkway 



DRILL HOLE LOG BORING NO. RSB·12·609 
PROJECT: LEGACY PARKWAY - STRUCTURE F-718 (500 S. OVER LEGACY PARKWAY) '--________ S;;;,;H.:.:E;;.:;E;.;.T_1;....;;;;O;..F ..::3~ 

CLIENT: UTAH DEPARTMENT OF TRANSPORTATION PROJECT NUMBER: 200601.112 

LOCATION: N 369.788. E 52.813 DATE STARTED: ....!:2~/2;.!.7~/0~6 ___ _ 

DRILLING METHOD: CME-55 NO. 1 / N.w. CASING DATE COMPLETED: ....!:2~/2:..!:i8:!.l:/O~6 ___ _ 

DRILLER: ....:T:...:.. . .!.!K.!=E!...lR~N _____________________ GROUND ELEVATION: ~~:.....-__ _ 

DEPTH TO WATER - INITIAL: '5l 

Elev. 
(ft) 

Sample 

5,7,9,(33) 
0.53 CL 

Pushed CL 

AFTER 24 HOURS: ~ LOGGED BY: 

Material Description 

SilTY GRAVEL W/SAND 

red to gray. moist, stiff 

LEAN CLAY 

0.23 (A-6(20)} gray. very mOiSt, soft 93.3 27 39 20 0 4 96 UC 

4200 

5.4.2.(11} 
0.27 

Pushed 
0.34 

2,4,4,(12} 
0.60 

Pushed 

6,6,9,(18) 
0.27 

1,3,4,(8} 
0.59 

Pushed 
0.54 

SM 
CL 

CL 
(A-7-6(21) 

CL 

SM 
SM 

(A-4(0)} 

SM 

CL 

SP-SM 
(A-2-4(0)) 

CL 

CL 
(A-6(19)) 

SILTY SAND 

gray. moist. firm 72.2 
LEAN CLAY 

gray. moist, still 

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

gray, wet, med dense 
dk. gray. wet, med SILTY SAND 
dense 

dk. gray, wet, med. 

LEAN CLAY 
----------- -- -- - ----- ----

SANDW/SILT 

gray, moist, stiff 99.1 

LEAN CLAY 

CL gray, moist, stiff 

RBAG 
ENGINEERING 

INC. 
PROVO. lTTAH 

LEGEND: ~ ,. Blow Count per 6" 
DISTURBED SAMPLE 2.3.2,(6)-(N1)60 Value 

0.45 .. torvane (tsf) 

UNDISTURBED SAMPLE PUSHED 
0.45 .. Torvane (tsf) 

45.7 43 

25.2 

27.1 

25.7 37 

25 0 17 83 CT 

NP 0 57 43 

NP 0 89 11 

18 0 1 99 CT 

OIHERTESTS 
UC = Unconfined Compression 
CT = Consolidation 
OS = Direct Shear 
IS = Triaxiat Shear 

= California Bearing Ratio 
= Potential Liquefaction 
= Potential Liquefaction & 

Lateral Spread 



DRILL HOLE LOG BORING NO. RSB-12-609 
PROJECT: LEGACY PARKWAY - STRUCTURE F-718 (500 S. OVER LEGACY PARKWAY) I SHEET 2 OF 3 

CLIENT: UTAH DEPARTMENT OF TRANSPORTATION PROJECT NUMBER: 200601 .112 

LOCATION: N 369,788, E 52,813 DATE STARTED: 2/27106 

DRILLING METHOD: CME-55 NO. 1 1 NW. CASING DATE COMPLETED: -=2:!.!:/2:..:::8~/0~6 ___ _ 
DRILLER: ~T~. ~K~E~R~N~ ______________________________________________________________________ _ GROUND ELEVATION: _-...!.42::!2:..:::3~' __ _ 

DEPTH TO WATER -INITIAL: 'Sl 4.0' AFTER 24 HOURS:.Y. 4.0' LOGGED BY: B. HORROCKS, J. BOONE 

Sample 
>-

Elev. Depth ~ J C 
(ft) (ft) ~ :::- See uses 

:.J I- ~ 
0::: 

Legend (AASHTO) 

-

4170 -
. .. [5< 12 

55- " ~ .. 
Pushed 

0.65 

4165 -
~ ' .. 11 15 7,8,9,(16) 

- 60-: 11.. 071 

-
-

4160 -

65-

4155 -

. V, 

~ .. 

Pushed 
0.86 

3,8.7,(13) 
0.82 
0.65 

4150 ~ 70-~. 15 

- ~~ 18 Pushed 
75-~F-' 0.40 

4145 - 3,6.7,(10) 
1.21 
0.74 

~ -

~ 8O-~1 '" 
~ ~ 

... 4140 - ~~ 18 
- 8S-:?:z:' ;,.. .. 1 

c 
Cl 

~ 
CI) 
::l 

-
_ 2 : .. 16 

0.87 
Pushed 

5,12,11,(17) 
1.07 
0.68 

r&i '. :: :'118 4,8,7,(11) 
& 4135 - I>~: 

CL·ML 
(A·4(1)) 

CL-ML 

CL 
(A-6(18») 

CL 

CL 
(A·6(11)) 

CL 

CL 
CL,SM 
CL,SM 

SM 
CL 

Material Description 

LEAN CLAY 
~-------------------------

gray, moisl, stiff 

SANDY SILTY CLAY 

gray, mOist, still 

~-------------------------

gray, moist. stiff 

gray to brown, moisl. sliff 

gray-brown, moist, firm 

gray-brown, moist, sliff 

arav-brown moist stiff 

LEAN CLAY W/SIL T LENSES 0.13" 
TO 0.5" APART 

LEAN CLAY 

green, mols~et, 
slifflmed. dense INTERBEDDED LEAN CLAY & 
green & brown, SILTY SAND LAYERS 1" TO 2" 
moist/wet, stiff/med THICK 
~~-- - - -- S~nSAND----------
gray, wet, mea. !lense 
blueijreen, moisl, stiff LEAN CLAY W/FEW VERY THIN 

SILTY SAND LENSES 
; 4130 _ 90-~<.: 0.50 

g
_N ~~ 18 Pushed CH bl . I 'ff 
_ ~'" 086 (A-7-6(43)) ueijray,mots,Sli FAT CLAY 

~ ~~ 
Atter. Gradation 

!l 
'UI - ~ ~ ~ 

Ul 

c:c :;:)- E Q) 

C ~ I-"u -J::: ::; "0 
oJ:!; .!!! ., .f >. .. 

0- ~ "0 '" 
., 

~ :Et: "0 

~ £ '5 1;; c: 
0 8 0- ro ~ IV 0 

::; c: c.!) CI) 
ii) 

o 47 53 UC 

113.1 16.5 35 20 0 6 94 

1072 21 7 30 13 0 8 92 TS 

87.6 34.2 60 38 0 o 100 CT 

L 125 _ 95 -~~. ,.. - - - - - - - - -;.;,;;. ~~-;; ~~~.;:" -;~.;o ----
~L-__ ~ __ ~~~··~: 1~1_8 ~6_'1~~~,~~~,(_.18_)~C_L_'S_M~~~~rolff~wn~&~g~ra~y,=mo~is~~el_, _LA __ Y_E_R_S_1_"_T_0_3_"_T_H_IC_K ________ ~ __ ~~~~~~ __ 4-~ __ ~ 

LEGEND: ~ ,. BlowCOunlper6" 

RB&G 
ENGINEERING 

INC. 
PROVO, HTAH 

DISTURBED SAMPLE 2,3,2,(6) - (N1)60 Value 
0.45 .. t orvane (1st) 

UNDISTURBED SAMPLE 6.~~~ Torvane (tst) 

OIHEBTESTS 
UC = Unconfined CompreSSion 
CT = Consolidation 
DS = Direct Shear 
TS = Triaxial Shear 
CBR = California Bearing Ratio 
_ = Potential liquefaction 
_ = Potential liquefaclion & 

Lateral Spread 



HOLE LOG BORING NO. RSB-12-609 
PROJECT: LEGACY PARKWAY - STRUCTURE F-718 (500 S. OVER LEGACY PARKWAY) L-_______ ...;;:.:.:..:;;.:;;.:~~~ 

CLIENT: UTAH DEPARTMENT OF TRANSPORTATION PROJECT NUMBER: 200601.112 

LOCATION: N 369.788. E 52.813 DATE STARTED: 2/27/06 

DRILLING METHOD: CME-55 NO.1 1 NW. CASING DATE COMPLETED: ....::2:!,!/2::.::8::.,::/O:,.:::6 ______ __ 
DRILLER: ~T~.~K~E~R~N~ ________________________________________ __ GROUNDELEVAnON: _-~4~22::!:3~' ____ __ 

DEPTH TO WATER - INITIAL: Yl AFTER 24 HOURS: Y LOGGED BY: 

Elev. Depth 
(tt) (ft ) 

05 

4100 

Pushed 
0.86 

4,9,12,(14) 
0.70 

Pushed 
0.76 

Pushed 
0.74 

5,6.7,(8) 
0.65 

CL 

CL 
(A-6(11)) 

Material Description 

LEAN CLAY W/SIL TY SAND 
--------,~~B~LI~~W~K ____ _ 

SAND 

FAT CLAY 

brownijray, moist. stitt LEAN CLAY 

brownijray, moist, stiff SANDY LEAN CLAY 

SM greenijray, wet. very SILTY SAND 
(A-2-4(0») dense 

CL 
(A-4(6») 

CL 

brownilray, moist. stiff 

gray, moist, sUfi 

LEAN CLAY W/OCCASIONAL SILT 
LENSES 

Pushed CL 
0.76 (A-6(11») gray, moist. stiff 

CL gray to brown, moist. stiff 

ML 
(A-4(0») brown, moist, dense 

SANDY SILT W/SIL T LENSES 

SANDW/SILT 

19.2 NP 0 96 4 
97.3 28.3 50 26 0 5 95 UC 

22.1 35 16 2 21 n 

19.8 NP 0 87 13 

102.6 23.9 29 7 o 6 94 CT 

92 27.2 32 12 0 5 95 CT 

26.6 NP 1 19 80 

RBAG 
ENGINEERING 

INC. 
PROVO. ITTAH ~ 

I/!. Blow Counl per 6" 
DISTURBED SAMPLE 2,3,2,(6) - (N1)60 Value 

0.45 .. t orvane (Isf) 

UNDISTURBED SAMPLE PUSHED 
045 .. Torvane (Isf) 

OIHEBIESIS 
UC = Unconfined Compression 
CI = Consolidation 
OS = Direct Shear 
IS = Triaxial Shear 

= California Bearing Ratio 
= Potential Liquefaction 
= Potential Liquefaction & 

Lateral Spread 



DRILL HOLE LOG BORING NO. RSB-12-610 
PROJECT: LEGACY PARKWAY - STRUCTURE F-718 (500 S. OVER LEGACY PARKWAY) ..... _______ ...;;;.:..::;.:;;.:.-.:-...;;;;:..-..;:~ 

CLIENT: UTAH DEPARTMENT OF TRANSPORTATION PROJECT NUMBER: 200601.112 

LOCATION: N 369,789. E 52.903 DATE STARTED: ....!c.2~/2'-!.!8~/0~6 ___ _ 

DRILLING METHOD: CME-55 NO.2 TO 72' THEN CME-55 NO. 11 NW. CASING DATE COMPLETED: -"3""/3~/O,,,,,6,---___ _ 
DRILLER: D. SAMPSON. T. KERN 

DEPTH TO WATER -INITIAL: 5l 

Elev. 
(ft) 

4220 

ML 

AFTER 24 HOURS: ~ 

gray/black, dry, very 
dense 

Material Description 

SANDY SILT W/GRAVEL 

GROUND ELEVATION: -,4""22~3~.4,,,---' __ _ 

LOGGED BY: 

;:. Q)cfl. 'iii ... ~ 
E Cc- ::>-

Glu .,C ::::i Cl.e, 'ss -0 Qj 
~ :lEg '5 iii > 
Cl 0 0- <II ~ 

::::i CL <D 

Pushed 
0..90. 

CL 
(A. 7.6(23)) gray-brown, mOist, stiff 98.4 27.3 41 22 0 2 98 CT 

UC 

4215 

4210 

4205 

4200 

4195 

3,2,1,(4) 
0..21 

Pushed 
0..47 

2,2,2.(4) 
0.39 

3,6,9.(15) 
0..39 

CL 

CL 
(A-6(17)) 

CL 

CL 

gray·brown, moist, soft 

blue-gray, moist, firm 

blue-gray, moist, firm 

blue-gray. moist, firm 

LEAN CLAY 

LEAN CLAY W/SILTY SAND 
LAYERS TO 1.5" THICK 

101 1 28.6 36 17 0 3 97 UC 

Pushed 
SM 

(A-2-4(o.)) blue.gray, wet 
SILTY SAND W/CLA Y LAYERS TO 
1" THICK 22.1 NP 0 79 21 

3,2,3,(4) CL 
0..47 CL 

5.4.8,(10) SM 

0.25 ML 
(A-7-5(12)) 

SM 

Pushed SM 

SM 
SP-SM 

(A-2-4(o.)) 

4,7,11,(14) SP-SM 
0.88 CL 

Pushed CL 
0.78 (A·6(1O)) 

RBAG 
ENGINEERING 

INC. 
PROVO. HTAH 

blue-gray, moist, firm 
blue-gray, moist. firm 

LEAN CLAY 

SILTY SAND 

9ray, wet, loose 

gray. wet, dense 

SANDW/SILT 

LEAN CLAY 
gray, moist, stiff 

LEAN CLAY W/SAND LENSES 

36.5 43 12 0 14 86 

21 .2 NP 0 89 11 

90.7 28.2 29 11 0 2 98 CT 
UC 

LEGEND: ~ '" BlowCounlper6" 
DISTURBED SAMPLE 2.3,2.(6) - (N')60 Value 

0.45 .. torvane (Isf) 

UNDISTURBED SAMPLE ~.~~~ Torvane (1st) 

OTHEBTESTS 
UC = Unconfined Compression 
CT = Consolidation 
OS = Direct Shear 
IS = Triaxial Shear 
CBR = California Bearing Ratio 

= Potential Liquefaction 
" Potential Liquefaction & 

Lateral Spread 



RILL HOLE LOG BORING NO. RSB-12-610 
PROJECT: LEGACY PARKWAY - STRUCTURE F-718 (500 S. OVER LEGACY PARKWAY) L-_______ ..:;:S~H=.:EE;;.:T...:;..2 ...::.:..._4:.....f 

CLIENT: UTAH DEPARTMENT OF TRANSPORTATION PROJECT NUMBER: 200601.112 

LOCATION: N 369,789, E 52,903 DATE STARTED: 2/28/06 
DRILLING METHOD: CME-55 NO.2 TO 72' THEN CME-55 NO. 11 NW. CASING DATE COMPLETED: ....::3~/3:::.;/O~6:.....-___ _ 

DRILLER: D. SAMPSON, T. KERN GROUND ELEVATION: ..;;:.!:=:!.....-__ _ 

Elev. 
(ft) 

65 

4160 

155 

4150 

4145 

AFTER 24 HOURS: .!. LOGGED BY: 

Pushed 
0..55 

Pushed 
0. 75 

Material Description 

gray. moist, med. dense SILT W/CLAY LENSES 

CL 
(A.6(5)) gray, mois~ sllff 

CL gray, mOiSt, stiff 

CL 
(A-6(t7)) gray to brown, moist, stiff 

CL brown to gray. moist, 
very stiff 

SANDY LEAN CLAY WISAND 
LAYERS TO 6" THICK 

Pushed CL 
0..59 (A.6(14)) gray, moist, stiff 

3,5,9,(10) 
0..44 
0..90. 

Pushed 
0..90 

4,5,7,(8) 
0..85 

Pushed 
0..95 

CL 

CL 
(A-6(t8)) 

CL 

CL 

brown, moist. stiff 

brown, moist. stiff 

gray, moisl, stiff 

dk. gray, moist, sUfi 

SM dk. gray, wet, dense 

LEAN CLAY W/OCCASIONAL SILT 
& SAND LENSES 

SILlY SAND 

~ .!!I ., ., 
5iCS G> 

I-
O,!; ... 

'0 Q) G> 
~ '5 ~ > 5 0 0" .'.'.! ~ 

~ a. (!) 

104.8 18.2 29 13 0 42 58 CT 

107. 21 .9 34 19 0 8 92 CT 
UC 

111.7 18.7 33 18 0 15 85 UC 

105.2 22 36 19 0 7 93 CT 

RBAG 
ENGINEERING 

INC. 
PROVO. lITAH ~

" Blow Count per 6" 
DISTURBED SAMPLE 2,3,2.(6) - (N1)60 Value 

0.45 .. torvane (tsf) 

S PUSHED 
UNDISTURBED AMPLE 045 _ Torvane (tsf) 

OIHEBIESTS 
UC = Unconfined Compression 
CT = ConSOlidation 
OS = Direct Shear 
TS = Triaxial Shear 

= California Bearing Ratio 
= Potential Liquefaction 
= Potential Liquefaction & 

Lateral Spread 



DRILL HOLE BORING NO. RSB-12-610 
PROJECT: LEGACY PARKWAY - STRUCTURE F-718 (500 S. OVER LEGACY PARKWAY) 4 

CLIENT: UTAH DEPARTMENT OF TRANSPORTATION PROJECT NUMBER: 200601.112 

LOCATION: N 369,789, E 52,903 

DRILLING METHOD: CME-55 NO.2 TO 72' THEN CME-55 NO. 11 N.w. CASING 

DRILLER: D. SAMPSON. T. KERN 

DEPTH TO WATER -INITIAl: 'Sl AFTER 24 HOURS: ~ 

Elev. 
(fl) 

4120 

4115 

4110 

4105 

4100 

110 

Pushed 
0.90 

Pushed 

Pushed 
1.12 

Material Description 

SILTY SAND 

CL 
(A-7-6(24)) dk. gray, moist, stiff LEAN CLAY 

ML 
(A-4(3)) brown, mOist, firm/dense SILT 

CL gray, moisl, stiff 

CL 
8M 
8M gray to black, wet, med. 

(A-2-4(O)) dense 

8M gray, wet. very dense 

CL gray, moist, very stiff 

ML brown, very moisl, very 
(A-4(6)) stiff 

gray-brown, very moist, 

LEAN CLAY 

SILTY SAND 

LEAN CLAY 

SILT 

CL 
stiff LEAN CLAY 

ML 
(A-4(O)) 

SM 

brown, very moist, stiff SANDY SILT 

SILTY SAND 

DATE STARTED: 2/28/06 

DATE COMPLETED: ....::3::..>/3<:..;/0~6:-___ _ 

GROUND ELEVATION: "",4",,2:,:23::..:.;.4;:;..' __ _ 

LOGGED BY: 

~ .!!l 
'iii I/) 

fii'i3 
Q) .... 

o~ 0; 
... 

'0 
Q) 

~ '5 iii > -5 
0 0- ro e 0 

::J c.:: (!) 

89.2 30.1 44 24 0 5 95 CT 
UC 

22.8 25 4 0 6 94 

26.2 NP 0 88 12 

103.2 22.7 31 6 5 3 92 CT 
UC 

24.7 NP 0 48 52 

RB&:G 
ENGINEERING 

INC. 
PROVO. lTTAH ~

;. Blow Count per 6" 
DISTURBED SAMPLE 2,3,2,(6) - (N,)oo Value 

0.45 .. torvane (tsf) 

UNDISTURBED SAMPLE ~.~~~ Torvane (tst) 

OTHER TESTS 
UC = Unconfined Compression 
CT = Consolidation 
OS = Direct Shear 
TS = Triaxial Shear 

= California Bearing Ratio 
= Potential Liquefaction 
= Potential Liquefaction 1\ 

Lateral Spread 



It: 

9 
8 

& 
-' 

DRILL HOLE LOG BORING NO. RSB-12-610 
PROJECT: LEGACY PARKWAY - STRUCTURE F-718 (500 S. OVER LEGACY PARKWAY) I SHEET 4 OF 4 

CLIENT: UTAH DEPARTMENT OF TRANSPORTATION PROJECT NUMBER: 200601.112 

LOCATION: N 369,789, E 52,903 DATE STARTED: 2/28/06 

DRILLING METHOD: CME-55 NO.2 TO 72' THEN CME-55 NO.1 / N.W. CASING DATE COMPLETED: 3/3/06 

DRILLER: D.SAMPSON,T.KERN 

DEPTH TO WATER -INITiAl: "S/.. 7.5' 

Elev. Depth 
(ft) (ft) 

-
-

-
4070 -

155-
-- -- -4065 -

-
160 -

-

-4060 -
-

_ 165 -
-- -- -4055 - --

_ 170 -
--

-
4050 - --_ 175-

-
-
-4045 - -

180 -
-
-
-

4040 -
--

_ 185 -

-
-

4035 -

190 -

4030 -
-

195 -

-4025 - -

Sample 
>-
Ol 
0 C (5 

I ~ 
:=. See uses £; 0 Legend (AASHTO) :::; I- C1) 

0:: 

~ 
GH 

~ I 9,16,22,(21) CH 16 0.92 11A-7-6f3411 

RB&G 
ENGINEERING 

INC. 
PROVO. UfAH 

GROUND ELEVATION: 4223.4' 

AFTER 24 HOURS:'!' 6.7' LOGGED BY: C.S., G.P., J.B. 

i?;- ~~ 'iiI 
ij't;' j-

Material Description 1i)C: 
00. ·o.!! 
~~ ::2;5 

0 0 

gray, mOist, slln 

FAT CLAY 

It. gray, moist. stiff 23.3 

LEGEND: ~ III Blow Count per 6" 
DISTURBED SAMPLE 2,3,2,(6) - lN1)eo Value 

0.45 • torvane (Isf) 

PUSHED 
UNDISTURBED SAMPLE 0.45 _ Torvane (Isf) 

Atter. Gradation 
~ 

E 
:::; 
"0 
:; 
cr 
:::; 

52 

)( ~ 

~ ;,!;! 
~ Q) 

~ ~ "C 0 

E >- .. 
Qj '" 

C1) 

1il > "0 

~ .£ c: 
l':! '" 0 co 

a:: C!l C/) 
Vi 

34 0 6 94 

OTHER TESTS 
UC = Unconfined Compression 
CT = Consolidation 
DS = Direcl Shear 
TS = TMaxlal Shear 

= California Bearing Ratio 
= Potential Liquefaction 
= Potential liquefaction & 

Lateral Spread 



0-843 
500 South over Multi-Use Trail 



DRILL HOLE LOG 
PROJECT: LEGACY PARKWAY - 0-843 (500 SOUTH OVER MULTI-USE TRAIL) 

CLIENT: UTAH DEPARTMENT OF TRANSPORTATION 

LOCATION: N -369,794, E -53.289 

DRILLING METHOD: CME-55 NO. 21 N.W. CASING 

DRILLER: D. SAMPSON 

AFTER 24 HOURS: ~ 

Elev. 
(ft) 

4220 

4215 

4210 

4205 

4200 

Material Description 

CL It. gray-brown. dry 10 
slightly moist, very stiff 

Pushed CL It. gray & rusty-brown, 
0.36 (A-6(13)) slightly moist, firm 

2,1,2,(4) 
0.21 

Pushed 

Pushed 

2,2,2,(5) 
0.20 

Pushed 
0.65 

2.3,3,(6) 
0.63 

Pushed 
0.64 

5,5,5,(9) 
0.70 

Pushed 
0.76 

3,4,4,(6) 
0.54 

Pushed 
0.20 

2,4,10,(11) 

CL 

CL 
SM 
CL 

(A-4(3)) 
CL 

CH 

CH 
(A-7-6(30)) 

CH 

CL 

SM 

CL 

brown to It. green, moist, 
soft 

brown. wet. stiff 

gray, moist. soft 

stiff 

firm to stilt 

.... ......... ........ 

gray, mois~ sliff 

gray, wet. dense 

It. blueijreen to It. 
brown. moist. stiff 

CL 
(A-6(16)) stiff 

CL firm to stiff, w/si" lenses 

CL soft 

CL sliff 
(A-4(5») 

CL very stiff 

CLAYEY GRAVEL W/SAND 

LEAN CLAY 

LEAN CLAY 

FAT CLAY 

. .... ...... 

LEAN CLAY 

SILTY SAND 

LEAN CLAY 

BORING NO. RSB-12-6S1 
SHEET 1 OF 2 

PROJECT NUMBER: 200601.146 

DATE STARTED: ~3~/8~/0~6"--___ _ 

DATE COMPLETED: --"'3""'/9""10""'6'--___ _ 

GROUND ELEVATION: _-~42~2:.:!4_' __ _ 

LOGGED BY: 

~ Ja 
Vi U) 

C:c;::- ~ CPo o,e 
't:J Qi Qj 

~ '3 
...J > £ 

° 
U) !!! 0 tT '" ::J a:: (!) 

102.1 23.4 32 13 0 1 99 UC 

26.6 27 7 0 

861 30.8 51 28 0 

101 .6 20.3 34 18 0 

33 67 

CT 4 96 UC 

8 92 CT 
UC 

26.1 28 7 0 12 88 

RBAG 
ENGINEERING 

INC. 
PROVO, UTAH 

LEGEND: ~ ~ BIowCounlperS" 
DISTURBED SAMPLE 2,3,2,(6)- (N,)eo Value 

0.45 • Torvane (Isf) 

UNDISTURBED SAMPLE ~.~~~ Torvane (Isf) 

QIHERRSIS 
UC = Unconfined Compression 
CT '" Consolidation 
OS = Direct Shear 
TS = Triaxial Shear 

= California Bearing Ratio 
= Potential Liquefaction 
= Potential liquefaction & 

lateral Spread 



DRILL H BORING NO. RSB·12·651 
PROJECT: LEGACY PARKWAY - 0-843 (500 SOUTH OVER MULTI-USE TRAIL) 

CLIENT: UTAH DEPARTMENT OF TRANSPORTATION PROJECT NUMBER: 200601.146 

2 OF 2 

LOCATION: N -369,794, E -53,289 DATE STARTED: ~3~/8:::..:/0~6~ ___ _ 

DRILLING METHOD: CME-55 NO. 21 N.w. CASING DATE COMPLETED: ~3~/9~/0~6 _ __ _ 

DRILLER: D. SAMPSON 

DEPTH TO WATER - INITiAl: '!l 

Elev. 
(ft) 

4170 

4165 

4160 

4155 

4150 

4145 

140 

135 

130 

125 

80 

85 

90 

95 

Pushed CL 
0.63 (A-6(18)) 

CL 
CL 

CL 

Pushed 
CL 0.28 

Pushed 

RB&G 
ENGINEERING 

INC. 
PROVO. UTAH 

AFTER 24 HOURS: ~ LOGGED BY: 

Material Description 

to 

LEAN CLAY 
stiff 96.2 

brown, moist, stiff 

stiff 

SANDY LEAN CLAY W/SAND 
LENSES 

finn 

brown, wet, very stiff SANDY SILT 

LEGEND: ~ Blow Count per 6-
DISTURBED SAMPLE 2,3,2[6) - (N1)ao Value 

0.45 • Torvana (Isf) 

UNDISTURBED SAMPLE ~.~~~ Torvane (tsf) 

24.2 38 

24.4 22 

20 0 10 

1 0 22 

90 

78 

III 

iii 
~ .. 
4l 

.t: 
(5 

UC 

OJHEBTESIS 
UC = Unconfined Compression 
CT = ConSOlidation 
OS = Direct Shear 
TS = Triaxial Shear 

= Califomia Bearing Ratio 
= PolenHalliquefaction 
= Potential liquefaction & 

Lateral Spread 



PREVIOUS TEST HOLES 

{by others) 



BarIng: 58-12-2&3 
Test Results • Legacy Parkway - Preferred Afternative 

J SAMPLE 
c S_I"'. .SPT(NJ. ,d in ~ CD 

.. f-215 to 1-15/US 89 Interchange 
g- SAMPLE DESCRIFTION o.pth .!! ~ a-

~2 
-;; 

~ c..s:!- N,BlowaperD.1S" 
OSPT(NJ. i~ :> ::; ~ = .. 

L.~ • E JASTII D :mIlD 2<117) 
.., "'Ji I- KLEINFELDER !- ... • is (Grutarthan 50 Blows) 

~: 
iii';!. :s! 1] .. . ~ a ... 0 ... "0 :> ... 0 " It m ~ .. E (orlnteMlI'-) 

li: "'j ~ :IE 
.,. ... .. Z .J: .- uses AASHTO ~ 0 
:::; 0 Profect No. 35-8163-05 

II: 0 

Lan ClAY - d. moist, 1ight!JI"IIY. wIJh Ight brown moIIIing.1race silt t::: SPT 254 CL A-6 • 3 4 7 , .1~ I I I I I -- - - UJ.L JUt FIELD TEST BORING LOG - 1 - = -
J.l.J_l .lJ.l.L 

BOring: 58-12-263 
-1285 -- 5- == SH 610 pH - 2-= 62 wss Sheet 1 of 4 - IIII "" 

R 
1-0- - ~ -

3 - Logged by: s. Lewis lO- t- l~nH -iHr _ way oat!, -. 19hI!JI"II)'IIh-IIr. willi B rrm ..... '" ~ silly - ~ 
SPT 810 1 1 1 Date Slart: 1131/00 

I- sand - Date Finish: 2141D0 

- • ~ nn -,nr Slation: 70+189.825 •. 65LT -
~ 

Une: 500 soum 
l- IS-

\~ _ medium d. -. dille oJive.grlly. with h-graIned sand. trace - SPT SOB ML A-4 4 5 2 2 ~~~H -H-H- Coonfinales (m): N 112.713.423 E t6.081.29& 
5-- SH 

CL A-6 37 13.1 38 41 22 C Elevation (m): 1286.517 
Lan ClAy- meawm ...... -. dille SI3Y. with Irace gf DI\I8IIICI ~ 810 

I- - UJ.L JUt 48 SG TOIaI Deplh Drilled (m):· 61.6 -
8 - ~ Drill Contraclor. Layne Christensen 

20-- ~ 
SPT 457 1 1 2 3 ., Dnller. C.Onis 

1-1280 - ~ UU JUt Rig Type: Mobile 8-59 

- 7- DriIUng Melhod: Mud Rotary - i<- "" "" Hammer Type: Rope and Cat Head 
t- 25-

~ SILT - soil -. dalkolJve.gray. with micllIakes, bace day SH 610 ML A-4 Rod Type: AW - 8- nn -,nr 48 - Boring Diameter: 133mm 

I- -
~ - 9- n~J -,nr LEGENDINOTES 30- SPT 2 7 7 -slill - ~ 

559 & 
I- Elevations based upon North American Vertical Datum of - HH -H-H-- 10-

~ 
1988 (NAVD ·88) 

t- Silty SAND - medium dense. "'" 0JIve.gr8y. fk1e.grained 
- SM A-2-4 HH JUJ-

CooRfmates are NAD ·83 
35- SH 610 sz: - 11 -= Observed Groundwater depth at time of drilling 

1-1275 
-

J.l.J.I. JUt Blom = Number of blows required to drive split speon -- 12 ~ 
sampler 150 mm Of interval shown 

Sandy SILT - soil -. -.gray. ~ sand 
40- SPT 584 ML A-4 3 2 2 3 '4! I I "" uscs = Unified Soil Classification Syslem 

I- --
13 - ~~ -- - --- -rnr AASHTO = American Association of Slale Highway and 

- "" 
TransportaUon Officials 

I- - ~5 -45- SH BID 
= See Key to Soil Logs for fist of abbreviations 

- 14 -

~ 
rrn -,nr and descriptions of tests 

Silty SAND - medium _. -. Ight brDwnJsI>.groy. ~ sand - SM A-2-4 
I- - HH -H-H- SAMPLE TYPE - 15-

Lan ClAY - medium sIItf. -. dalll9I3Y. with ~ sand, with 
50- SAT 610 CL A-6 2 3 4 6 ., ~SPT = Standard Penetration Test. 34.9mm 10 and - ~ HH JUJ-mica lIIIIIes - SO.8mm 00 sprat spoon sampler 

18 - ~ - BMC = Modified Canfomia Sampler. SO.8mm 10 and 

1--1270 - ~ LlU _UJL 55- 63.Smm 00 split spoon sampler 

- 17 - ~ ~P = Piston Sampler. 76.2 mm 00 - "" "" .1- - ~ - 18 - --- -- -rnr []J SH I--

I " I 
= Shelby Tube, 76.2mm 00, pushed 

60- I-- SH 381 52 16.5 22 42 23 94 
I- - ~ 57 - 19 

~ nn -rnr I§! BAG = Bulk Sample -- '= I I I I 85- I I I I 

PLATE 8-108 



g =-
• E }-
w 

SAMPLE DESCRIPTION 
(AST1I D 24IIID ZII7) 

Lan CI.A Y - medium sIfIf, wei, dark gray, willi ~ sand, will 
mica _ (CDIIIkIued) 

'-1285 ___ IDIIgIIt -. _, 25 nwn..." ofllgllt brawn .... 

clay 

-1280 

-lghtllf1ll' 

-Ightollve-gray 

"-tiel.- SANDWIIh "-modhmdenM. wei, _,line ID 
~,wIIb~oftlnelD---'_mIco_, 
oIIeIhgmenIa 

Test Results • 
r SAMPLE 

Depth -' .sn{NJ. • i~... E ~)( J Q 

I--_~--I leu 1--"T"':::z:.,.....,.---,-SoI/-o---.------Io SPT (NJ. ~ ~ ! ~ .3 ~ ~ ~ -! : ~ 
I. :e a..IfIc:adDn N, Blows per 0.15 '!l (Gr. ... than 50 Brawl) ~; c ~ -a :;.; .5 :. Zo 

ft m 0 r: Be (orlnt.rvalshown) '" .t Qi!:'::IE .... E Il. - "i!-

: ~ 
: 21-;::: 

70- = : 22-= : = 
75- 23-= : = 

: 24 = 
80- = 

: 25-~ 
: ~ 

85: 28-= 
- ~ : 27-= 

90- = 
: 28-= 

: = 
95- 29-= - -
:-;= 

100': r0 

I- uses AASHTO c ~ 5l 

SPT 483 

SH 810 

SPT 5DS 

UH JUt 
8 J~J.l -'-UL 

IIII IIII 
nn -rnr 
nrr -rrrr 
HH -H-H- 38 

4 8 10 

4142425 

HH JUJ­
U J.l -'-Ll L 
I~II IIII 
nn -inr 

:: 31 -:(. 

,--1255 h-..... -=====-==-::::lO=====c===---1 - ~ SILT:meiIliiiI_, wel,IIf1Il',wilhllg/ll- moiling, will nee .105 __ 32 _ ~ 
arpnics . ~ SPT 810 

ML A-4 
5 7 10 

nrr -rrrr 
HH -H-H­
JJH ~tHJ­
IIII IIII 
III-j -il-il-

1250 

I-

: 33-~ 
110': ~ 

- 34-0 
~s,=ndy"""S'"IL~T""_weI,=-::IIf1Il'=-,"'~""""=.=-::sand",.,..--------1115 ~ 35-~ : ~ 

- 38 - ~ 
120': .? 

- / _ 37 - :J. 
- "/-

~ ..... -=~===-=~~~~~~~~~~-~125~_ 38-~ SILT - medIUm _, wei, dark gray, will rna tIokeo, lIno-groitIed ~ 

:: 39-~ 
130- ~ 

SH 330 ML A-4 

SPT 810 ML A-4 3 6 7 6 

fin IIII 
nn -rnr 
HH -H-H-
UH -~HJ-
LtLt JUt 
IIII IIII 
I-t I I IIII 
nn -rnr 
I I I I r' I r 

57 

Legacy Parkway - Preferred Altern·ative 
1-215 to 1-15/US 89 Interchange 

:L..~ KLEIN FELDER 
Project No. 35-8163-05 

FIELD TEST BORING LOG 
Boring: 58-12-263 
Sheet 2 of 4 

Logged by: 
Data Start 
Oalll F"mish: 
Statio": 

s. LowIo 
1131/00 

2/41110 
70+1119.825 4.65 LT 

Une: 500 SOUTH 
Coordil1llles em): N 112,713.423 E 16,081.296 
Elevation (m): 1288.517 
Total DepI/I D"lIed em): 61.5 
Onll Contractor. Layne Christensen 
OrUler: C. Davis 
Rig Type: Mobil. 11-59 
Orillb1g Method: Mud Rotary 
HammerType: Rope and Cat Head 
RocIType: AW 
Boril1g Diameter. 133 mm 

LEGEND/NOTES 
E1evaUons based upon North American Vertical Datum of 

1988 (NAYO '88) 

Coordinates are HAD '83 

'Sl =- Observed Groundwater depth at time of dnlling 

Blows· = Number of blows required to drive sprrt spoon 
sampler 150 mm or interval shown 

uses = U"ified SoH Clesification System 
AASHTO = America" Assaciatio" of State Highway and 

TrallSportatiD" Officials 

= See Key to SoH Logs for rlSl otabbreviations 

ami descriptions of tests 

SAMPLE TYPE 
~ SPT = Standard Penetration Test, 34.9mm 10 and 

SO.8mm 00 split spoon sampler 

= Modified California Sampler. 50.8mm 10 and 
63.5mm 00 split spoon sampler 

• Piston Sampler, 76.2 mm 00 

= Shelby Tube. 76.2mm 00. pushed 

= BufkSample 

PLATE 8-109 



BorIng: 512-263 Test Resufts • Legacy Parkway - Preferred Alternative 
'" SAMPLE 

c ~3af4 0 • SPT (NJ. .. i i" '" ..!! 1-215 to 1-15/US 89 Interchange ... ! :§ 
~- SAMPLE DESCRJPTlON Depth 1: c .. .. 

.!! ... l! l! E .. 
• E jASTII D :NIIID 2417) i. ~ ~ N.Blowspo.D.15n 

QSPT(NJ. ... .1 ::I ... ~ :: :~ I- ID KLEIN FELDER (Grwater th_n so Blowsl .- i~ ." :;~ I- • -e ~ : c:fi ow • :-!! ... 
SE 

0 :; ... 0 
w It m CI ?: (or InI1tmol.hown) 

:li 
., j ~ ::;; .,. ... ..,Z .c .- uses AASHTO ~ 

::::; is Profect No 35-8163-05 
II: .. c 

SILT-_sIII.-.-!fI8Y.- ..... -.~ -
~ 

I , , I 
, 

(canIInued) - HH -U-L~- FIELD TEST BORING LOG - 41 - ~ -d.-' ___ 135- SH 810 131 15.1 28 9~ c Boring: 58-12-263 
f-1245 - UU JUt 67 SG 

: 42-~ 
Sheet 3 of 4 

r- - IIII IIII 140-- 43-

~ nn ------- logged by: S. Lewis 

: IIII Date SIaIt: 1/31/00 
r-

~ 
Date Finish: 2/4100 

145: 
44- rrn ~trrr Station: 711+1"-825 4.65 l T 

PIIOfIy _ SAND -,"-,medIum -. wet, Ight gray.llno to - SPT 810 SP-S", A-3 13 23 33 35 Un.: 500 SOUTH r- Q 
modfum..groNd _. _ gray .. It IDp - 45- HH -H-H- Coordinates (m): N 112,713.423 E 16.D81.296 - Elevation (m): 1286.517 

~ L.ean CLAY - very sill. -'lIght __ • - _ moIIIIng - Cl A--6 
-~H~-

Total Depth Drilled (m): 61.6 
150- t= H~-~ - 48- SPT 810 5 8 13 17 0riU Contractor. Layne Christensen 

1-1240 - ~ UH Jut DriDer: C.DavIs 

- ~ Rig Type: MobneB-59 - 47 -
155- ~ IIII IIII 

Dnlling Method: Mud Rotary 

r- : Homme. Type: Rope and Cat Head 

48-~ - - - - - -- P.odType: AW - ~ IIII II II Boring Diameter. 133mm 

r- - ~ 160- SH 457 - chdty IghI grey - 49 - ~ rrn Tnr LEGEND/NOTES 
'- - ~ Elevations based upon North American Vertical Datum of - HH -H-H-- 50-~ 1988 (NA VO ·88) 

165-
~ - ~ HH -~H~- Coordinates are NAn "83 

- 51 - 2 = Observed Groundwater depth ilt time of drilling - = f- 1235 -

~ 
IIII JUt Blows 'II: Number or blows ~quired to drive split spoon 

Silly SAND - -. -. oIIweiIrar. line to rnedJum.ilrained _. with 
170- 52- SPT SM A-2-1 4 5 7 10 .. ---- sampler 150 mm or interval shown -

f-
mlcatlalces._ .. ..,.. - ! III i III uscs = Unified Soil Classification System - AASHTO = American Association or State Highway and 
SILT - wry 1IIIf. -. __ • with IIne-gt8ined _. mica 1Iakes, 

175: 
53- ML A-I I I ~,~ IIII Transportation Officials 

r- 1heIhgr-a - ~ 
SPT 610 8 18 23 35 

= See Key to SoH Logs for nst of abbreviations 

: 54- rrrr -rnr and descriptlons or tests 

f- - ~ -~H1- SAMPLE TYPE 180- 55- HH -
t- - ~SPT =- Standard Penetration Test. 34.9mm 10 and 

- $-~ ~-~H _~ ~ _~ L 50.8mm 00 split spoon sampler - II MC 
1-1230 

185-

~ 
SH 810 UU JU_L = Modified California Sampler. 50.8mm 10 and 

- 63.5mm 00 split spoon sampler 
Silty SAND - -. dar!< gray. ftne.gnJned. _ mica llakes - 57- SM A-2-1 EjP - IIII I i II = Piston Sampler. 76.2 mm 00 

'I-
Poorly Graded SAND wilt siII- medium _. wet, bruwn-gray. fine to - SP-SM A-3 

190- 58- SPT 457 16 35 50 -I-Yif II] SH rnedium-grUIed - IIII = Shelby Tube. 76.2mm 00. pushed 

I- - ;:: - 59 - nn -rnr I§ BAG = Bulk Sample 
SIlT - very d. -. _ grayIsh-IIroWn II1d 1Ight~. wilt - ~ Ml A-I 

I- 195- SPT 610 10 18 23 26 .,. 
mlcatlalces - I I I I I I I 

PLATE 8-110 



Boring: 58-12-283 
Test Results • Legacy Parkway· Preferred !\Iternative 

'" SAMPLE _4af4 0 ~ft ~ 1·215 to 1·151US 89 Interchange c ... esPTCNJ.. .t i '" 0 SAMPLE DESCRIPTION D8pIh 
z, co 

:l! ..... ~ E ::::; ]I :I 1~ IH ~E II ~ N,BlowsporG.15n 
OSPTCNJ.. .... ~:at KLEINFELDER CAS"1II D ZIIIID m7) ... !. 1-...... -1 ~ . ·z '" j1 !- I! c ... 

~ 'S ... 0 

It m " ~ (or 1 ...... 1._) 
~ "'I g r:r ... ;;teZ .- UIICS AASKT1) ... ::::; Project No. 35-8163-05 

It: 0 N 

SILT.vwy 1tiIf. -. maIIIed ~ IIId light oJIve.gray. willi 

~ 
I I 1 I , , 

mica_I"""""" - ~~H _~J_~~_ FIELD TEST BORING LOG . __ .~.wIh~- 200- 81 - ~ SPT 810 5 6 15 18 Boring: S8-12-263 
1-1225 HE _U.LL - 62- Sheet 4 of 4 

205-
" II 111I 

- 63- Logged by: S.l8w1o 

1111 1111 Date Sial!: 113111H1 
Date FInish: 2141110 

210- 64- nrr -rnr SbiItIon: 70+119.1125 4.65 LT 

Line: SOOSOUTH 

- 65- HH -H-H- CGordinates (m): N 112,713.423 E 16.081.296 

- ElevatIon (m): 1286.517 
215- UH -~U~- Tolal DepIh Drilled (m): 61.1 - 68- DrIll Conlnlc!t>r. Layne Christensen - Driller. c.o." .. 

r- '220 J,lJJ _LJJJ. RIg Type: MobDell-59 
220- ffT- enl&>!! Melhod: Mud RoIary - 1111 1111 Hammer Type: Rope and Cat Head 

68- Rod Type: AW 

1111 1111 Boring Dlameler. 133mm 

225-
89- nrr -rrrr LEGEND/NOTES 

HH -H-H-
Elevations based upon North American VertiCal Datum of 

230- 70- 1988 (NAVD '88) 

- H~-~ -~U~-
Coordinates are HAD '83 

71- :;z = Observed Groundwater depth at time of dnlling 

-1215 235- UJ.t Ju.t Blows • Number of blows required 10 drive spnt spoon 

72- sampler 150 mm or interval shown 

1111 1I11 uses z Unified SoU .Classification Syslem 

- 73-
AASHTD ~ American Association of State Highway and 

240-
1111 1111 

Transportation Officials . z See Key to SoD Logs for lisl of abbreviations 
74 -

- nn -rrrr and descriptions of I_sis 

245- HH -H-H- SAMPLE TYPE - 75-- ~SPT ;; Standard Penetration Test, 34.9mm 10 and 
t- - ~-~U -~H~-- 76 -

50.8mm OD split spoon sampfer 

250- .Me ='I: Modified California Sampler, 50.Bmm 10 and 
f-1210 - UU .LLLL - 77-

63.Smm 00 aprd spoon sampler 

- III1 I i II 
Ejp a PislOn Sampler, 76.2 mm 00 

255-- 78 -
1111 1111 

Ul SH == Shelby Tube, 7S.2mm 00, pushed 

t-
- 79- rrn -rnr ~BAG .::: BulkSample 

260-
t- - I'll I I I I 

PLATE 8 111 -



IIC~ -~II All 
.. - ... " - . --- ~ . .. -.-.- - - .. -~-- -- - -----._ ... _ - . ~.- --. ---- -- --_._-.-.. -- ----------.--.:J 

Legacy Parkway 
Site: SC-1 2-264 
Station: 70+224.505 2.59 LT 
Elevation: 1 2 86 .5 46 

Cone: 20 TON A 058 
Date: 0 1 :26:00 09 :47 

Ot (kPa) 

OK 25K 
O.O~~~~~~~~ 

! , 

1 
! .... ~ ••... u."I •.•••.• _ ..... . _ .. _ .• _ . ••• u ..... _ 

l 

-10.0 

-15.0~------~----~ 
Max. Depth: 33.70 (m) 

Depth Inc.: 0.050 (m) 

.. _- .. _ - ----- - -- - - _ .- -_._-_ .. _----_._-

o 
Fs (kPa) 

250 

l 
. ~ .......... -. ~.~.-.....•............. 

i , 

I 
~ 
! 

! 

o 
Rf % 

i 
! 
~ 
: 

! 
! 
l , 
: 

10 

.. ··········· .. ·r··_················· 
! 
! 
: 
! 

U (kPa) SBT 

O.OK 1.0K 0 12 

j 

! 
I 

I 
! 
[ 

I 
i 
i 
! 
i 

••••••• •• _t ... .. ~u ...... ........ . 

! 
! 
1 

I 
! 
1 

! 
i 
i 
! 
~ 

'0 -- _. __ . __ ._- ••.•••• •• i .................. . 

Cloy 

Coyey Sit 

Iml ...... :.... ........ -I Coy 

Sity Coy 

S:>ndy Sit 
Sit 
C:Oyey Sit 

Sit 

Cloyey Sit 

Cloy 

Sit 
Cloyey Sit 
Sity Cloy 
Cloyey Sit 

Slty Cloy 
Sit 
Sandy Sit 
Silty Sond/Scnd 

Sand 

Sit), Sand/Scnd 
SIt 

Cloyey Sit 

Sandy Sit 

Sit 

Coy 
Cloyey Sit 
Sandy Sit 

Sit 

! Sendy Sit \.....I;;==--'-__ ...J 

SST: Soa Behcvior Type (Robertson 1 9 gO) 

• Equilibrium (or near) Pore Pressure from Dissipation 

PLATE 8-112 



......... 

:5 
c. 
Q) 
o 

Qt (kPa) 

OK 25K 
-15.0~~~~~~~~ 

! , 
i 
i 
i 

I 
! 
i 

I 
! 

- 20.0 .-..... _ ............... .i. ........................... . 
i 
I 
i 
I 

I 
I 

I 
I 

-25.0 ........................... ! ............................ . 
i 
I 

I 

I , 
! 

I 
i 

-30.0L----------~------~ 
Max. Depth: .3.3.70 (m) 

Depth Inc.: 0.050 (m) 

Fs (kPa) 

o 250 o 
Rf % 

10 

.......... _-----. .. ~.-.- . --.-.... -.-- .. 

i 
i 
! 
i 
I 

! 
! 
i 
! 
i 
i 
! 
i 
! 
i , 

U (kPa) 

O.OK 

Cone: 20 TON A 058 
Date: 0 1 :26 :00 09:4 7 

1.0K 0 

SBT 

12 

Clayey S~t 

Sit 

Clayey Sit 
Cloy 

• . , ............ , Sity Cloy 
Clayey Sit 
Slty Cloy 
Cloy 

_ ·,· .... ·· .... ·1 Clayey Sit 
Sity Cloy 

Clayey Sit 

Sit 
Sandy Sit 
Sity Cloy 

• ... , ......... .. 1 Cloy 
Sity Cloy 

~\~rtlo~t 
L.;,l.:.. ... ; ......... .. 1 Cloy 

Sity Cloy 

Cloy 

,?oyey Sit 

SUt 

Slty SondlSond 
Sit 
Clayey Sit 

Slty Cloy 

Clayey Sit 

Sity Cloy 
, ... ,·· ......... 1 Cloy 

Sity Cloy 

Clayey Sit 

Sit 

Clayey Sit 

Sit 
Clayey Sit 
Sit 
Sand 
Sity Sandl'Sond 
Sandy Sit 
Sand 

Sand 

SST: Soil Behavior Type (Robertson 1 9 gO) 

II Equnibrium (or near) Pore Pressure from Dissipation 

PLATE 8-113 



,CONE~ 1111 1_' ie_- - - ·~a. ~._-y·--par_k_W_a_!. _ _ -_§~~-~_e-~_i:_~C_: -_7~1 ~_~_. 2_2_~_:_. _~_·~O~5_-_2~._~59_L~T_"·_~~6a_-on_t~ee~: :~g_-~_:2_ci~~-o_·~_A_g_~_~_7---.1 
- Elevation: 1286 .546 

..-.. 
E 
'-" 

at (kPa) Fs (kPa) 

OK 25K 
-30.0~~~~~~~~ 

ReC~a1 

-35. 0 .......... _ ............... .1. ....... _ ... _ ............ . , 

I 
! 
l 
: 

-40 . 0---1·--- -

I 
: 

-45.0~-----~----~ 
Max. Depth: 33.70 (rn) 

Deoth Inc. : 0 .050 (rn) 

o 250 

i 4::. 

i 

Ref-bsal 
i 

! 
••••.•• ••••.•••• •• 0< • ••. • • : •• _ • .• • •••• ••••.••.••.• • • 

i 
! 
i 
I 
I 
! 
! 
i 
! 
i 
! 
i 

• • • •• • u .... . _ • • _ ••.••• , •• _ ... . ... . . . ~~. __ • 

! , 
~ , , , 
i 
! 
1 
1 
: 

I 
j 

0 

Rf % 

ReC-bsai 
j 
i , 

10 

........ ..... ....... i. .......... u_ .•.... 

! 

I 
I 
I 
I 
I · .. ·· .. ·· ··· .. ·· .. ·1·· .. ··· .. ·· .. ······ 

I 
I 
~ 
i 
i 

! 
! 
j 
j 

U (kPa) 

O.OK 1. OK 

-Z I 
<:: 

I h ! 

Refuhal 

I _ ..... _ .. , ..... + ............. _ . 
! 
I 
i , , 

I 
I , 

I 
• • •••• •.•.•• • • • ••••••• • u • • .••••••• •• ••• 

! , , , 
! 

I 
I 
! 

I 
: , 
! 

SST 

0 12 

O-Ovely Sand 

Sit 
Sorldy S i t 

Sit 

Sandy S i t 

Sit 
Sandy Sit 

Slty Sanc::I/Scnd 

SQI"Id 

SST: Sea Behavior Type (Robertson 1 9 gO) 

~ Equaibriurn (or near) Pore Pressure from Dissipation 
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Baring: SB-12-265 Test Results • Legacy Parkway - Preferred Alternative .. SAMPLE 
c Sheello" 0 IIi ~ft ~ 

.. 
0 SAMPLE DESCRIPTION 

oJ _SPT(NJ. e- l:' CII ;; 1-215 to 1-15/US 89 Interchange 
=- Depth 0 

OSPT(NJ" .... !! E :2 = .5g .. 
IH ~.§. (ASTM D 24111D UI7) 

:c ~ Son ... ~ ~~ : ~ >- KLEINFELDER Do Z. ~E 
c.._. N, Blows per 0.15 m (Gr .. br tfaln so Blows) 

~ I !3 .., -.., :; .!! I! "0 :; ;.5 .. ° 
w It m c:I ~ .. E (or inteMlI.hown) 

iii 
OJ l ~ :s <T .. ,.Z .c .- uses MSIITO '" a :::l 0 Project No. 35-8163-05 

II: .. N c 

I 

SILT - still, moiII, __ • will argonics -
1-~ 

SPT 457 ML A-4 2 3 3 5 t -10 I I I , , 

- LLJJ -LUL FIELD TEST BORING LOG -
Lean CLAY -IIIIT, -.1Ight;ray to light _, _, OCCUiDnal - CL A-6 Boring: 58-12-265 

-1285 
~-

5- 1--"' SH 610 J.lH JJJL pH - 2-~ 67 WSS Sheet 1 of 4 -- i= 1111 IIII R 

I- - 3-~ 10- Hn -rnr Logged by: W. Lewis 

- soli, willi ...... organics - ~ 
SFT 584 1 2 2 2 Dale Slart 1122/00 

I- - Dale Finish: 1/26/00 
- 4-~ nn -,nr Slation: 70+260.053 3.46 LT - ~ Une: 500 SOUTH 

I- 15-
-atIft' - 5-~ 

SH 810 HH -H-H- 83 157 2T 39 t7 97 C Cooldlnalel (m): N 112,713.116 E 16,151.533 
4 SG - I;:: Elevation (m): 1286.640 

I- - J.LH -LLU- Total Depth Drflled (m): n.l - 6-~ SILT - medium still, -. oIIve-gray 20- ML A-4 DriU ContradOr: Layne Christensen 
SPT 559 1 3 3 4 -. DriOor. C. Davis -

7-~ JJH JJJL t-1280 - RIg Type: Mobile 8-59 

- Drilling Method: Mud Rotary - IIII IIII I- 25- ~ SH 
Hammer Type: Rope and Cathead 

-willi .. "" 
610 - 8 V/, nn ------- Rod Type: AW 

-
~ " r I 

Boring Diameter. 133mm 

I- -
-

9- ~ 1;trl -,nr LEGEND/NOTES 
-light brawn to oI"MI-g..,. 

30- SPT 584 2 3 3 6 

I- - ~ Elevations based upon North American Vertical Datum of - 10-~ HH -H-H-- 19B8 (NA VD ·B8) 

- Coortlinates are HAD "83 r- 35-

11 ~ SH 483 UJJ -~J.U-- ~ = Observed Groundwater depth at time of drilUng 
- J)H JHt aiI>WS ,. Number of blows required to drive split spoon r- 1275 - 12-~ - sampler 150 mm or interval shown 

40- SPT 610 2 3 2 4 151 I I IIII uses .. Unified Soil Classification System 

I- -- 13 - ------ -rnr AASHTO = American Association of State Highway and 

- IIII Transportation Officiats 
-r- 45-

. .. See Key to Soil Logs for rlSt of abbreviations 
- grayIsh-boown - 14 - SH 810 nn -,nr and descriptions of iesls 62 - % I- -- 15-~ HH -H-H- SAMPLE TYPE 

- soli. 10 mm ....... of line sand 
50- SPT 610 2 2 3 4 -0 ~SPT .. Standard Penetration Test, 34.9mm ID and 

I- - UJJ -lUJ-- 16-~ SO.8nvn 00 split spoon sampler 

- II MC ,. Modified Califomia Sampler, 50.8mm 10 and 

1-1270 
- 17-~ EJJ JHt 55- 63.Smm 00 split spoon sampler 

-
IIII IIII riP = Piston Sampler. 76.2 mm 00 - 18-~ t- -Loan CLAY --.IIght~_ CL A-6 -------- nn III1 [j] SH = Shelby Tube, 76.2mm 00. pushed 

60- k=: SH 508 
t- -

19-~ SILT - wat, DIive-g..,., with _ nne-g_ and and inial of - ML A-4 rrn -rnr ~ BAG = Bulk Sample 
day -

I- -
85- J I I r I I I I 

PLATE 8-115 



BorIng: SII-12-2115 .. Test Results • Legacy Parkway - Preferred. Alternative 
c S_2014 0 SAMPLE 

.. i ift !l 
0 

..... • SPT ""'-
~ E .. 1-215 to 1-15/US 89 Interchange 

SAMPLE DESCRIPTION Depth " 
i!> "c .. 

=- :i! l: o SPT IN')' ... .1! ~ E :; :2 :: 5~ 
GO 

IH • E (ASTII D 24II1II2417) ~ N,BlGwspertL15m ... " .... KLEIN FELDER >- a. S. iI fGtntw thIIn sa Blows» 
!I : !~ iii"':' "" j1 :;; 

iii I! ~ "3 ... 0 

It m " ?: (or Inhlrvalohown) ., j d II ... ~z :5 i- uses AASHIO .. C ...J 0 Project No. 35-81s:Hl5 
c .. ... ~ 

~ 
, , 

" It 

Lan aAY - -. -. IghIbIawn _ ...... orgonico and light gray : CL MI HH -UJj- FIELD TEST BORING LOG 
..-.g 

70-= 
21 - f= Boring: 58-12-265 

-1265 -: f= SPT 610 4 3 3 3 tU.l .lUJ. 22 ~ 
Sheet 2 of 4 

: ~ I I " IIII 
75- 23-1= nn -inr Logged by: W.L.wis 

: 1= 
Date Start: l1Z2100 

: Date FIIlish: 112&100 
24 - 1= nn -~nr Station: 70+260.053 3.46 L T 

80- Wne: 500 SOUTH 

: 1= SH S33 

25- HH -H-H- 57 Coordinates (m): N 112,713.116 E 16,151.533 

- 1= Elevation (m): 1288.640 

85': 1= ~.LU -~Uj-
Total Depth DriDed (m): n.1 

26 - I-- Dr1Il Contractor. Layne Christensen 

: t= HLl .lLlJ. Driller. C.Oavjs 

r-- 1260 : 1= Rig Type: Mobile 8-59 
27- Drilling Method: Mud Rotary 

-stilf 90-: 1= SPT 610 4 6 9 11 I.,! I IIII Hammer Type: Rope and Cathead 

- 28-1= - - - - -- -,Hr Rod Type: AW 

- 1= IIII BOring Diameter: 133mm 

95': 29-1= nn -~nr LEGEND/NOTES : I--

t= Elevations based upon North American Vertical Datum of 

: lO-

ts HH -H-H- 1968 (NAVD '88) 

SIlly CLAY - -. -. grot1. nee or __ 100- SH 810 CL-Ml. A-7.fJ HH -U-~j- 135 161 26 43 17 99 C Coordinates are NAD '83 

: 31 - t= 43 SG ~ = Observed Groundwater depth at time of drilring 

: I--
!- 1255 t= HH JUt Blows = Number of blows required to drive split spoon 

105- 32-f= 
samp5er 150 mm or interval shown 

: = IIII IIII uses = Unified Soil Classification System 

- 33-c;:: l~in -inr AASKTO = American Association of State Highway and 

llD': 
Transportation Officials 

SILT - medium _, -.1g1II aIIve-grIy _ wII .. chilly II1DIIWIg 
: ~ SPT 610 ML A-4 3 4 5 7 ~ See Key to Soil Logs lor rost 0' abbreviations 

34-

~ nn -rnr and descriptions of tests 

: 
35- ~ HH -H-H- SAMPLE TYPE 

115: 

~ ~SPT = Standard Penetration Test, 34.9mm 10 and - MM -LHj-
Poorly G.- SAND - medium d ..... wet. _ - 35 SP A-3 

50.8mm 00 spHt spoon sampJer 

-
l:> 

.MC = Modified Califomia Sampler, 50.8mm 10 and 

1-1250 120- SH soa HH Jut - 37-
63.5mm 00 split spoon sampler 

- ~P - I::··, IIII IIII 
= Piston Sampler, 75.2 mm 00 

Lean aAY -still. -..-Ight brown'" Ighl_ - 38 ~ CL MI ill SH 12S- J---' i"T,H -,Hr = Shelby Tube. 76.2mm 00, pushed - C SPT 610 3 4 16 16 
Poorly G.- SAND - medium _. wet. -_ - SP A-3 

- 39 I:>":, nn -rnr @lBAG = Bulk Sample 

-
~ 130- SPT I I -Hi J I I I 

PLATE 8-116 



Boring: S8-12-2S5 Test Results' Legacy Parkway - Preferred Alternative .. SAMPLE 
c S_3of4 !I eSPT{N,J. .. i i" '" .l! 1-215 to 1-15/US 89 Interchange 
~- SAMPLE DESCRIPTION Depth u ~ e 2:- c co co 

:i! ~ Sail QSPT{NJ.. Do" i.e " :::; :g :I 1~ 
.. 

k'fJ • E (ASTM D 24IIID m7) N. Blows por 0.15 IT ... " .';1. .... KLEINFELDER >- ... !. IE 
c_ 

(Greater than sa Blows' 3: Q~ ~ 
-." 

~ 

.!! I! a £~ Do 0 .. 
w It m " ~ :,S (or (n"moI shown) 

:ii 
., E 

5 ::I! <T , .. z .c 
uses ...... HTO ... S :::; 0 Project No. 35--8163-05 

II: co N 

SlLTwfth sand - YW'/ still. -. dirk ~ -

~ 
610 ML A-4 8 12 18 25 I I I I r I I I 

- - UU -~U~- FIELD TEST BORING LOG - 41 -138-

~ 
Boring: 58-12-265 - HLl .lEt ,..1245 - CL A-6 Sheet 3 of 4 Lean ClAY - -. gray - 42--

I 
III' "" t- 140- SH 356 

SIty SAND - mecnum _. -.ligIItpy. cx:casIanoI ~ gtaded - 43- SM A-2-4 

"" 
lagged by: W.l.ewis 

- I " , Date Start llZ210D 

I-
sand.., - Da .. F'mish: 112&IVO - 44-

26 -rrrr ;bnr SlaIIon: 70+260.053 U6 LT 

- 25 rnm day J.yw 
145- SPT 533 11 34 25 Une: 

I-
- 500 SOUTH 

- 45- HH -H-H- Coordinates (m): N 112,713.116 E 16.151.533 
- Elevation (m): 128&.640 

t- SILT - still. -. CIIve-gJay. wfth _chIIlky -..-.g - Ml A-7--6 
H~-~ -~~-~~-

Tola. Depth Drilled (m): 77.1 
150-

- ~-~ 
SPT 506 4 8 13 26 Drill Contractor. Layne Christensen 

-
UH Jut 

DriUer. C.Oovis 

1-1240 - ~ RIg Type: Mobile B-59 - 47 - DnlHng Melhod: Mud Rotary 
155-

~ "" "" Hanvner Type: 
I- - Rope and Cathead 

- 48- nn Rod Type: AW 

-

~ "" 
Boring Diameter: 133mm -

J- 160- SH 381 110 15.1 27 44 17 100 C 
- grlIy - 49 - nrr -rnr 62 SG LEGEND/NOTES -

J- - HH -H-H-
Elevations based upon North American Vertical Datum of 

- 50-

~ 
1988 (NAVD 'B8) 

165-

J- - UH _~HL Coor::dinates are HAD '83 

- 51 - '!]. = Observed Groundwater depth at time of drilling -

~ f-1235 170-= J.J.J -'- Jut Blows = Number of blows required to drive spilt spoon 

- ..-... d. _ 0CCIISI0naI sIty sand Iayets 52- SPT 610 4 5 15 14 sampler 150 mm or interval shown 
-

~ "" I " , - uscs = UnifMOd Soil Classification System 

- AASHTO = American Association of State Highway and - 53- nn -inr Transportation Officials 
175-

- . = See Key to Soil Logs for list of abb"",lalions 

- 54-

~ nrr -rrrr and descriptions of tests --
HH -H-H- SAMPLE TYPE 160- 55- SH 506 -

~ ~SPT - HH -~H~-
= Standard Penetration Test, 34.9mm 10 and 

- SO.8mm 00 split spoon sampler 
- 56-

IMC 185- ~ ~.lJJ JLU_ 
= Modified California Sampler, 50.8mm 10 and 

1-1230 - 63.5mm 00 split spoon sampler - 57-

~ ElP :. Piston Sampler, 76.2 mm 00 - " , , "" 190": 
lean CLAY- d. -. light brown, 0.3 m poorly gtaded sand layer - S8 -

!= SPT 584 Cl A-6 8 17 16 15 r'Iii "" 
II] SH = Shelby Tube. 7<i.2mm DO, pushed 

-- 59-1= nn -rnr ~BAG = Bulk Sample - 1= 195-
- l- I I I I I I I I 

PLATE 8-117 



1-1225 

I-

BorIng: S8-12..265 
Sheet 4 .,,4 

SAMPLE DESCRJP110N 
(ASTJI 0 Z41811124I7) 

Lean etA Y - stiIf, wet, light blown (candnued) 

I- SIllySANO--' wet,1IgIIt~ 

--
200-

---
205---

-
t- f-Lian-r::::=C""LA"'Y""_"'stiIf"",.."wet,=-_="'_=:-,"'with"""'fine.t::=-:=-="'-=""-=--~ 210:: 

I-

1-1220 

I-

I-
- medium stiII,lIgIItgrayil/l-blaWn with __ oIvIt-ggy coloring 

I-

1-1215 

I-

I-

I-

I-

11-
1210 

-vetystill,IIght __ 

~ 
'1-i 
~I-

I-

-
215-

220-

--
225-----
230----
235: 

---
240-----
245-

---
250-----
255-----
260---

t::: 
61 oj::: 

1= 
B2-t=: 

1= 
63-1= 

M~ 
j...-: 

65-1= 
1= 68-1= 
10-
10-

67-1= 
1= 68 -1= 
1= 69-1= 
1= 70-1= 
1= 

71-1= 

1= n-j:::: 
t::: 73-1= 
I--

74 -1= 
1= 

75-1= 
t::: 

76-1= 
1= 

77-~ 

78 -

79-

SH 457 

SM 

SPT 610 hCL....-IhMj.,.-l 15 27 12 16 

SH 356 

SPT 610 6 10 14 20 

SH 381 

I I I i I I I I 

H~-~ -~H~­

HH .l.HL 

I I II "" 

"" "" n"r -rrrr 
HH -H-H-
~-~H -~H~­

H Ll .I. H L 

"" "" "" "II nrr -rrrr 
1~H -H-H­
~-~H -~H~­

LlLl .l.LlL 

"" "" "" /I" nrr Tnr 
1+1+ +1+,­
UH -~H~-

SPT 432 11 22 50/ 

125mm J.l J.l J J.l L 
I I" I III 

"" "" rrn -rnr 
I r ! I I It' 

Test Results • 

99 16.4 26 39 16 96 
120 

.!I .. 
~ 
~ .. 
:5 o 

C 
SG 

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

III KLEINFELDER 
Project No. ~163-05 

FIELD TEST BORING LOG 
Boring: 58-12-265 
Sheet 4 of 4 

Logged by: W. Lewis 
Date Start 1/22/00 
Date Fmish: 1126/00 
Station: 70+260.053 3.46 LT 
Un.: 500 SOUTH 
CoorOma1es (m): N 112,713.116 E 16,151.533 
Elevation (m): 1286.MO 
Total Depth Drilled (m): 77.1 
Drm Contractor: Layne Christensen 
DriDer. C. Davis 
RIg Type: Mobile 11-59 
Drilling Method: Mud Rotary 
Hammer Type: Rope and Cathaad 
Rod Type: AW 
BOring Diameter: 133 mm 

LEGEND/NOTES 
Elevations based upon North American Vertical Datum of 

1988 (NAVD '88) 

Coordinates are NAO '83 

~ = Observed Groundwater depth at time of drilling 

Blows = Number of blows requimd to drive sprlt spoon 
sampter 150 mm or interval shown 

uses • Unified Soli Classification System 
AASHTO = American Association of State Highway and 

Transportation Officials 

= See Key to son Logs for list of abbreviations 

and descriptions of tests 

SAMPLE TYPE 
~ SPT = Standard Penetration Test. 34.9mm 10 and 

50.8mm 00 split spoon sampler 

= Modified california Sampler, 50.8mm 10 and 
63.5mm 00 split spoon sampler 

-= Piston Sampler. 76.2 rnm 00 

= Shelby Tube, 76.2mm 00, pushed 

= BulkSample 

PLATE 8-118 



Bomg: RB-371 .. Test Results • Legacy Parkway - Preferred Alternative 
~1a12 

SAMPLE 

'" !I .SPT!NJ,. . ~ ~1 ~ '" !! 1-215 to 1-15/US 89 Interchange 
0 SAMPLE DESCRlPTlON DopIh a ! Z> 

5 
.. 

';'E :i! to SolI OSPT!NJ,. .. " i;t :2 = .. 
IH ".II .... KLEINFELOER 

>- CASl1I D 24II/D Z4I7) !' . tI c..-.. N, Blows per 0..15 ~ (Gratwthan sa BIOWII) 
~ ; !~ " -" ~ 

~ 
... (or 1_._) ~ :; ';.5 .. 

w It m c:I ~ !- 5 "'j to :3" .. ... .r:. 
uses AASHTO .. 0 Project No. 35-8163-05 a: .. .. ~ c 

...... aAY-SIiII'._-- - 1= P 810 CL A-7~ I I I I I I I I 

- JJJ!I! • -U-LL FIELD TEST BORING LOG - ~ SPT 305 4 5 8 10 
1 - 29 

-1gId~ - 1= Boring: RB-371 
5- Me 508 1 2 2 2 HJJ JUt 

1-1285 - 2-~ Sheet 1 of 2 -- 1= SPT 810 1 2 3 3 nil 1111 
I- 10-: 3-1= nn -rnr Logged by: A. Waldman 

P 533 22 14.3 34 42 22 f17 C -

~ 
MI. M 38 SG 

Date Start 2/21/00 
SILT-_01111' ........ -

I- SPT 610 SM A-2-4 0 2 6 5 trn OS Date Finish: 2/29/00 
SillySAND-_.-. gray. ~ - 4- -rnr Slation: 70+338.171 0.29 RT -

15-
Line: soo South 

I- - Me 356 5 19 20 20 HH ~ .,. ~ CoordinateS'(m): N 112,710.357 E 16,229.&92 
S- - h -- SPT 305 4 3 4 3 ., Elevation (m): 1286.826 

Fill aAY -medium d. -. _. hquent~ sand_oil - ~ 
CH A-7~ JJJ-L -LUt Total DeP1h Drilled (m): 31.1 

-I- - 20- 8-

~ 
DnllConlrllcIDr. Layne Christensen 

- P 610 Dnller. c. Davis 

ME JUL 62 

1-1280 
- 1= SPT 432 2 3 5 6 Rig Type: Mobile B-53 

- 7 - 1= DrllDng Method: Mud Rotary - I I 1.1 .. 11// 25- j:: 810 9 7 15 23 
Hammer Type: Safety 

J- - ___ 0IIII' - 8 -
Me Rod Type:, AW 

Silly SAND - meGlUIII CIerii8, -. _. wan ..... grawo -

~ 
SPT 305 SM A-2-4 3 4 10 17 n~;i -rnr Boring Olameter: 133mm 

-
J- - 9- nn -rnr 30- LEGEND/NOTES 

- P 810 
Lean CLAY -very 0IIII'. -. __ - ~ 

a. A-6 86 Elevations based upon North American Vertical Datum of 

J- - 10-' SPT 508 3 7 9 13 HH -H-f+ 1988 (NAVD ·8S) 

- 1= Coordinates are HAD '83 
35- 1= Me 508 4 6 11 16 J-~M -LUt - 11 - !l = 0bseNed GlOUndwater depth at lime 01 driMlng 

Sandy Lean aAY -d. _ ~ - ~ SPT 508 a. A-6 7 8 9 11 JJtt JUt - Blows = Number of blows required to drive sprrt spoon 

1-1275 - 12 - E± sampler 1 SO rrvn Dr tnterval shown 
40- P 610 

I " / "" - ~ 
USCS = Unified SoU Classification System 

- 38 AASHTO = American Association 01 State Highway and 
I- 13 -

I 
SPT 61D 2 1 4 5 -... - --- -Inr - "" TranspoJIatIon Offlcials -

f- SBty SAND - -. -. gray 45- Me 408 SM A-2-4 5 15 38 40 -ri'if 
= See Key to Soil logs for list of abbl1!viations 

- 14 - nrr and desaiptions or tests 

-- SPT 508 a. A-6 5 7 10 14 ,. 
I-

Lean CLAY - very stiff. -. ~ 

sa-: IS- =' HH -H-H- SAMPLE TYPE 

~ P 81D ~SPT = Standard Penetration Test, 34.9mm 10 and -
~ U~~ -U-LJ- 48 

J- - 16 - SPT 508 8 9 12 18 
SO.8mm 00 split spoon sampler 

- ~ .MC z Modified Cardomia Sampler, 5O.Smm 10 and - ULl JUt 
1-1270 

55-
17 -~ P 102 

63.5mm 00 spUt spoon sampler 

- 96 EjP • Piston Sampler. 76.2 mm 00 - r- "" "" SoIndy Laen CLAY -_.-.~ - ~ P 610 a. A-6 
I-

96 - 18 - f=- a. A-6 flTJ -Inr fiSH = Shelby Tube. 76,2mm 00. pushed 
Lean CLAY -~ stiff. ~. cdc:he rich 60- ~ SPT 457 4 8 10 15 - f= J- - 19 - nn -rnr I§I BAG = BulkSample - ~ - I I I I 

I- 85- I-- I I I I 

PLATE 0-29 



Bamg: RB-371 Test Results • Legacy Parkway - Preferred Alternative .. SAMPLE .. ~2"'2 !l eSPTIN,)" . i ~ .. E '" .! 1-215 to 1-15/US 89 Interchange 
0 SAMPLE DESCRIPTION Depth !~ i= Co .. 
=- i ~ Soil OSPTPIJ. ..... I! E :J i~ {! IH KLEINFELDER • E CAS'T1I D 24IIID 2m) • fE ~ N.BlowsporD.15'! (Grut8r then 10 Blows) 

... ,s 
.!! ." -." .. >- ~: ].5 iii I! Go ~ :; ... 0 • 

It m CI ~ BE (or Interval.hewn) OJi d 
.,. ... :/t.z .c .- uses AASHTO .. Ii: :J 0 Project No. 35-8163-05 

II: 0 N -
~ 

P 330 I I I I I I I 32 185 17 29 13 86 C 

t.I ClAY -VMJIIIIr.~. _1Ich (canIInuod) - BS TR FIELD TEST BORING LOG - ~. UH -~UJ- SG 
SandyQAY- ......... Ilflr1DIIfIr .... ~ - 21 - CL A-6 

70-
~ 7 

Boring: RB-371 - SPT 810 2 4 4 
J~\U JUt -1285 - 22-~ Sheet 2 of 2 - ~. IIII 1111 -

75- 23-

~ 
P 610 -iHr Lagged by. A. Waldman - IIII Date Start 2121/00 -- Date F"mIsh: 2129100 

eo-: 24 - ~ nn -rrrr S1ation: 70+338.171 0.29 RT --- ~. 
SPT !iOII 7 9 12 20 e15 Une: 500 SOU1II - HH -H-H- Coon!Ina1es (m): N 112,710.357 E 16.229.692 r- - 25-

- Elevation (m): 1288,821 

- UH -~UJ- TotaIllepth Drilled (m): 31.1 
85- 28- .§ P - DriDContnldor. Lay .... Christensen -

UE JUt BS Driller. C. Davis - :: RlgType: MobileS-53 
,...121iO - ~ so-: 27- DrIJDng MetI1ocI: Mud Rotary e. SPT 810 3 5 8 10 le~ I I IIII HamrnerType: Safaty 
,... -

26-~ Rod Type: AW - ;: nn -,Hr - 0- Boring Oiamet.r. 133mm 

- ;.;.. ... 
r- 95- 29-~. P 483 nn -rnr LEGEND/NOTES -

ca,eySAND- ......... -. ... oM, ~ - SC A-2-6 8evatians based upon North American Vertical Datum of 
>-

LanCLAY-oIIr.-'_ - 30- f--'-'- CL A-6 HH -H-H- 1988 (NAVD '88) 

100-: ~ 
== 

SPT !iOII 3 8 11 15 J-rn -~JJJ-
Coordinates are NAn '83 

-
31 - S/. • Obsenled Groundwater depth at time of drilling - r-- UH JUt BloWs is Number of blows required to drive sprrt spoon 

f-1255 - sampler 150 mm or interval shown 105- 32-- IIII IIII uses = Unified SoD Classificalfon System 
AASHTO. American Associa1ion of State Highway and 

33-
IIII -inr Transporlation 0IIicIaIs 

110- • See Key to 500 Logs for list of abbA!viations 
I- 34- nn -rrrr and desaiptions of tests 

-
r- 115- 35- HH -H-H- SAMPLE TYPE 

- UU -~U~- ~SPT = Slandard Penetration Test, 34.9mm 10 and 

r 38 
SO.8mrn 00 sprat spoon sampler 

120-: HH JUt .MC = Modified california Sampler, 50.8mm 10 and 

-1250 
63.5rnm 00 split spoon sampler 

37-- IIII IIII EjP = P"lSton Sampler, 76.2 mm 00 
--

125- 38 - nn -inr [l SH = Shelby Tube, 76.2mm 00, pushed 

- 39- rrn - -rrrr ~BAG = BulkSample 

130- I r I I I r I I 

PLATE D-30 



APPENDIXC 
Laboratory Testing 



F-718 

500 South over Legacy Parkway 



Table 1 

SUMMARY OF TEST DATA 

Legacy Parkway PROJECT 
LOCATION Structure F-718 (500 South over Legacy Parkway) 

PROJECT NO. 
FEATURE 

200601-112 
Foundations 

DEPTH STANDARD 
BELOW PENETRATION 

HOLE GROUND BLOWS 
NO. SURFACE PER 

(It I FOOT 

RSB-12-609 10-11.5 Shelby 

20-21.5 Shelby 

31.5-33 17 

40-41.5 7 

43.5-45 Shelby 

53.5-55 Shelby 

63.5-64.5 Shelby 

73.5-75 Shelby 

93.5-95 Shelby 

103.5-104.3 Shelby 

104.3-105.0 Shelby 

113.5-115 Shelby 

118.5-120 51 

123.5-125 Shelby 

133.5-135 Shelby 

143.5-145 36 

RSB-12-610 5-6.5 Shelby 

15-16.5 Shelby 

26-27.5 Shelby 

32-33.5 12 

38-39.5 39 

45-46.5 Shelby 

55-56.5 Shelby 

65-66.5 Shelby 

74-75.5 Shelby 

83.5-85 Shelby 

98.5-100 36 

103.5-105 Shelby 

108.5-110 36 

120-121.5 22 

133.5-135 Shelby 

143.5-145 44 

153.5-155 38 

NP=Nonplastlc 

RB&G ENGINEERING, INC. 
Provo, Utah 

IN-PLACE 

DRY 
UNIT MOISTURE 

WEIGHT (%) 
(pel) 

93.3 27.0 

72.2 45.7 

25.2 

27.1 

99.1 25.7 

114.9 16.3 

113.1 16.5 

107.2 21.7 

87.6 34.2 

19.2 

97.3 28.3 

22.1 

19.8 

102.6 23.9 

92.0 27.2 

26.6 

98.4 27.3 

101.1 28.6 

22.1 

36.5 

21.2 

90.7 28.2 

104.8 18.2 

107.7 21.9 

111.7 18.7 

105.2 22.0 

19.3 

89.2 30.1 

22.8 

26.2 

103.2 22.7 

24.7 

23.3 

ATTERBERG LIMITS MECHANICAL ANALYSIS UNIFIED 
UNCONFINED SOIL 
COMPRESSIVE CLASSIFICATION 

STRENGTH LlOUID PLASTIC PLASTICITY PERCENT SYSTEM I 
(psfl PERCENT PERCENT (AASHTO LIMIT LIMIT INDEX 

GRAVEL SAND 
SILT 

(%) (%) (%) & CLAY Classificationl 

1482 39 19 20 0 4 96 Cl I A-6(20) 

43 18 25 0 17 83 CLI A-7-6(21) 

NP 0 57 43 SM I A-4(O) 

NP 0 89 11 SP-SM I A-2-4(0) 

37 19 18 0 1 99 Cl I A-6(19) 

1859 24 18 6 0 47 53 Cl-Ml I A-4(1) 

35 15 20 0 6 94 CLI A-6(18) 

30 17 13 0 8 92 CLI A-6(11) 

60 22 38 0 0 100 CH I A-7-6(43) 

NP 0 96 4 SP I A-3 

1695 50 24 26 0 5 95 CH I A-7-6(28) 

35 19 16 2 21 77 CLI A-6(11) 

NP 0 87 13 SM I A-2-4(0) 

29 22 7 0 6 94 Cll A-4(6) 

32 20 12 0 5 95 CLI A-6(11) 

NP 1 19 80 Mll A-4(O) 

3169 41 19 22 0 2 98 Cl I A-7-6(23) 

720 36 19 17 0 3 97 Cl I A-6(17) 

NP 0 79 21 SM I A-2-4(0) 

42 31 12 0 14 86 Ml I A-7-5(12) 

NP 0 89 11 SP-SM I A-2-4(0) 

3475 29 18 11 0 2 98 Cll A-6(10) 

29 16 13 0 42 58 Cll A-6(5) 

2850 34 15 19 0 8 92 CLI A-6(17) 

3798 33 15 18 0 15 85 Cll A-6(14) 

36 17 19 0 7 93 Cll A-6(18) 

NP 0 86 14 SM I A-2-4(0) 

4109 44 20 24 0 5 95 Cl I A-7-6(24) 

25 21 4 0 6 94 Mll A-4(3) 

NP 0 88 12 SM I A-2-4(0) 

2910 31 25 6 5 3 92 MLI A-4(6) 

NP 0 48 52 Ml I 8-4(0) 

52 18 34 0 6 94 CH I A-7-6(34) 

H:\2006\1 00 _LegacyPkwy General\l12_LegacyPkwy Bridge S12\Lab Testing\LabSurrunary.doc 
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(f) 

150 

120 

90 

60 
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Test 
No. 
or 

Symbol 

• 
• ... 

// 
/ 

V 

/ 
/' 

,/ 

/ 
/ 

/ 

~ ~ --V 
V ~ 

'" V; -.......... 

"" 
'\ 

/' 1\ 
/ II \ \ ~ \ 

\ \ \ 
60 90 120 150 180 210 240 270 

Normal Stress (psi) 

MULTI-STAGE CONSOLIDATED UNDRAINED W/PORE PRESSURE MEASUREMENTS: 
TOTAL STRESS F~LURE ENVELOPE 

Sample Data Degree Maximum 
Strength Values 

Sample Strain Confining at Failure 
Dry Moisture of 

Pressure Deviator Friction Size, Rate 
Density Content Saturation Stress Angle. 

Cohesion UD Cinches/ 
(pcf) (;1.) (Y.) 

(psi) 
(psil (degrees) Cc/psi> (inches) minute) 

94.7 21.7 -100 20 59.9 

94.7 21.7 -100 40 126.6 31.5 0 2.88/1.38 0.001 

94.7 21.7 -100 60 191.5 

RB&G 
ENGINEERING 

INC. 

TRIAXIAL SHEAR TEST HOLE NO,: RSB-12-609 Figure 

Provo. Utah 

Project: Legacy Parkway - Structure F-718 
(500 South Over Legacy Parkway) 
Davis County, Utah 

DEPTH: 73,5 '-75' 
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Normal Stress (psi) 

MULTI-STAGE CONSOLIDATED UNDRAINED W/PORE PRESSURE MEASUREMENTS: 
EFFECTIVE STRESS FAILURE ENVELOPE 

Test Sample Data Degree Maximum 
Strength Values 

Sample Strain 
Confining at Failure 

No. Dry Moisture of Pressure 
Deviator Friction Size, Rate 

or Saturation Stress Cohesion UD Cinchesl Density Content (psi) Angle. 
Symbol (pcf) (1.) (1.) (psi> (degrees) (c/psi> (inches) minute) 

• 94.7 21.7 -100 16.3 56.2 

• 94.7 21.7 -100 27.2 113.8 36.4 0 2.88/1.38 0.001 

... 94.7 21.7 -100 42.4 173.9 

RB&G 
ENGINEERING 

INC. 

TRIAXIAL SHEAR TEST HOLE NO.: RSB-12-609 Figure 

Provo. Utah 

Project: Legacy Parkway - Structure F-718 
(500 South Over Legacy Parkway) 
Davis County, Utah 

DEPTH: 73.5 1-75 1 
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"0 
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> 1.00 

\ [j] RB&G 
ENGINEERING \ INC. 

CONSOLIDATION TEST RESULTS 1\ 
.90 ,\ 

Figure No. Boring No. RSB-12-609 
~ 

Surface Elev. Depth Interval 201-21.5' 

Moisture Content 45.7 1- Dry Unit Wt. 72.2 Ibs.lfP \ LL 43 1. PL 18 1. PI 25 1-

-----.80 
Project: Legacy Parkway - structure F-?18 ---- --i --(500 Soutll over Legacy Parkway) -... Davis CouzJty. Utah ---r--

.70 
0.01 0.1 1.0 10 

Pressure (tons/ft2) 



0 - r--. r- ....... ....... 

'~ 
5 

1\ 
10 ~ 

c \ 
0-

1\ 0 
L 
i-
t/) 

)'.t 1\ 15 

~ 
RB&G 1\ ENGINEERING 
INC. \ 

CONSOLIDATION TEST RESULTS 1\ 

" 20 
Figure No. Boring No. RSB-12-609 

Surface E1ev. Depth Interval 201-21.5 1 

-----Moisture Content 45.7 1. Dry Unit wt. 72.2 Ibs.lfP ----43 18 25 ---.... l-LL 1. PL 1. PI 1- --25 I-
Project: LegacT Parln,aT - Structure F-718 ----. 

(500 South over LegacT ParJc"aT) 
Davis CountT. Utah 

30 
0.01 0.1 1.0 10 

Pressure (tons/fP) 
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,.j Time (,.jminutes) 

Hole no.: RSB-12-609 I TIME CONSOLIDATION I 
[jJ RB&G 

ENGINEERING Depth: 20'-21.5' Legacy Parkway - Structure F-718 U INC. Load: 1.15 to 2.30 tons (500 South over Legacy Parkway) 
Pr-ovo. Utah 

Davis County, Utah 
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Hole no.: I TIME CONSOLIDA TION I 
[j] RB&G RSB-12-609 

ENGINEERING Depth: 20 1-21.5 1 Legacy Parkway - Structure F-718 U INC. Load: 2.30 to 4.60 tons (500 South over Legacy Parkway) 
Provo. Utah 

Davis County, Utah 
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Table 1 

SUMMARY OF TEST DATA 

PROJECT 
LOCATION 

Legacy Parkway Structure No. D-843 
500 South over Multi-Use Trail 

PROJECT NO. 200601-146 
FEATURE Foundations 

DEPTH STANDARD 
BELOW PENETRA nON 

HOLE 
GROUND BLOWS 

NO. 
SURFACE PER 

1ft) FOOT 

RSB-12-651 6-7.5 Shelby 

13.5-15 11 

18-19.5 Shelby 

35-36.5 Shelby 

46.5-48 14 

55-56.5 Shelby 

76.5-78 25 

NP=Nonplastlc 

-RB&G ENGINEERING, INC. 
Provo, Utah 

IN-PLACE 

DRY 
UNIT MOISTURE 

WEIGHT (%) 

(pel) 

102.1 23.4 

26.6 

86.1 30.8 

101.6 20.3 

26.1 

96.2 24.2 

24.4 

A TTERBERG LIMITS MECHANICAL ANALYSIS UNIFIED 
UNCONFINED SOIL 

COMPRESSIVE CLASSIFICATION 
STRENGTH lInUID PLASTIC PLASTICITY 

PERCENT PERCENT 
PERCENT SYSTEM I 

Ipsf) LIMIT LIMIT INDEX 
GRAVEL SAND 

SILT (AASHTO 
(%) (%) (%) & CLAY Classification) 

2568 32 19 13 0 1 99 CLI A-6(13) 

27 20 7 0 33 67 CL I A-4(3) 

1258 51 23 28 0 4 96 CH I A-7-6(30) 

3177 34 16 18 0 8 92 CL I A-6(16) 

28 21 7 0 12 88 CL I A-4(5) 

3435 38 18 20 0 10 90 CLI A-6(18) 

22 21 1 0 22 78 ML I A-4(O) 

H:\2006\1 00_ LegacyPkwy General\146 _ LegacyPky PedTunn500 So\LabSummary.0506.doc 
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APPENDIXD 
Supplemental Data 



Recommendations .for LPILE and GROUP analyses. 

Project: Legacy Parkway by: srj 
Structure No: F-718 FAK No: 

~~--~--~----
12 date: 7/2212006 

Description: 500 South over Legacy Parkway 

Exist. Ground Surface Elev: 4223 ft 
----~~~~------Est. Pile Tip Elev: _____ 4-:-1 0~5~ft":"'--___ _ 

Pile Type: _...;;.C.;..;lo...;;.s_ed_-:-::E~n~d_P:-,ip~e~P=-i_le_ 
Size: 16 inch 0.0. 

Pile Length Below Ground: _______ 1 _18.;......;..ft~ ___ __ Water Table: ----:-:U-pp-e-r--:5:-~:-e-et:-----

Soil Layers 
Thickness Top Elev Bottom Elev Eff. UnitWt. Cohesion Strain Factor Friction Angle 

(ft) (ft) (ft) 
Soil Type (p-y model) 

(pci) (psi) £50 (degrees) 

18 4223 4205 Soft Clay (Matlock) 0.033 3.5 0.020 0 
12 4205 4193 Soft Clay (Matlock) 0.025 5.5 0.015 0 
8 4193 4185 Uquefiable Sand 0.030 0 0 0 

22 4185 4163 Soft Clay (Matlock) 0.033 9.7 0.01 0 
22 4163 4141 Soft Clay (Matlock) 0.039 10.0 0.01 0 
18 4141 4123 Soft Clay (Matlock) 0.032 5.5 0.Q15 0 
30 4123 4093 Soft Clay (Matlock) 0.033 9.7 0.010 0 

Other Considerations 

Corrosion of Pipe Pile 
Reduce Pipe pile wall thickness by 1116 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 0.069 pci (regular weight) or 0.046 pci (pumice) 
Assume Friction Angle of 38 degrees. Consider reduced parameters for loading towards MSE wall face. 

MSEWalls 
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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p-y Modulus, k 

(pci) 
30 
45 
10 
100 
100 
45 
100 

Max Unit Resistance 
Side End 
(psi) (psi) 
3.4 0 
5.2 0 
2.0 0 
8.0 0 
8.9 0 
5.5 0 
8.0 87.4 

printed 7/2212006 





Legacy Parkway Project 
Summary of Lateral Earth Pressure Recommendations 

Recommended Soil Parameters 

(1) Active Lateral Earth Force (yielding walls) 

P A = 0.5KAyH2 (triangular distribution) 

KA = 0.24 for Sandy Gravel and Pumice 

0.28 for Silty Sand 

(2) Passive Lateral Earth Force (yielding walls) 

Pp = 0.5KpyH2 (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 

In the equations listed herein: 

'Y = effective unit weight of soil 

H = height of wall 

(4) At-Rest Lateral Earth Force Modified for Compaction (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* = 0.5KoyH2 (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 

Equations by Okabe (1926) and Mononobe and Matsuo (1929). referenced in Kramer (1996) 

Total Active Thrust 
2 P AE = O.5KAEyH 

KAE = (see table below) 
Dynamic Component 

ilP AE = P AE - PAPA has triangular distribution (resultant at H/3 above base of wall) 

ilP AE acts at about O.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) 

(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 (PGAJg) 

Dynamic Overturning Moment 

LlMeq = O.53ahyH) 

Point of Application of Dynamic Thrust 

heq = ~Me/ ~P eq 
== O.53H 

References 
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: 

Sohail T. Khan, P.E; Larry Reasch, P.E. 

Brad Price I Rob Johnson 

CC: 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 pcffor load calculations, 80 pcffor 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 range 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 Fill - 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 MSHTO LRFD A11.1.1.1 and do 
not include inertia forces. Page 11-85 of the MSHTO 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, ~E and KpE, are for total active 
and passive thrust, respectively, and include both static and dynamic components. The 
dynamic components are L\KAE and L\KPE 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 04/17106, 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 KpE. AASHTO LRFD A11.1.1.2 states that a kh value equal to Y2 
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. 

0.56 

3.94 3.89 3.51 3.38 

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 glle diameters larger tha 16", although driven piles with 
diamefers/widths greater than 16" are so e at J: re 10 lliJ: and loca drLving.ca,pabilities 
!!l9~~~)iroilEl~ 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 e structural firms would perform the lPlbE 
anal sis 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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