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LEGACY PARKWAY 

UTAH DEPARTMENT OF TRANSPORTATION 
SP-0067(5)O 

GEOTECHNICAL INVESTIGATION REPORT FOR STRUCTURES 

Structure E-2572 - LP over Mill Creek Trail 
Structure E-2573 - LP over Multi-Use Trail & D&RGW RR 

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: 

• E-2572 - Legacy Parkway over Mill Creek Trail 

• E-2573 - Legacy Parkway over Multi-Use Trail and D&RGW RR 

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 

The Mill Creek and D&RGW RR underpass sites are both located in Davis 

County in Segement 2 of the Legacy Parkway project. Segment 2 begins north of 

500 South in West Bountiful, and continues north to a point approximately 1800 

feet south of Glover's Lane in Farmington. The Mill Creek underpass site is 

located at Station LP NB 2356+41 (Sta. LP SB 3356+78) on the north side of 

1200 North Street at about 1600 West, in West Bountiful City. The D&RGW RR 
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underpass site is located at about Station LP NB 2445+50 (Sta. LP SB 3447+50) 

near the westerly limits of Centerville City, adjacent to Sheep Road between 

Center Street and Parrish Lane (400 North). Structures do not presently exist at 

the Mill Creek and D&RGW sites. 

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. At the Mill 

Creek and D&RGW RR underpass sites, it is anticipated that box-type structures 

will be constructed to permit passage of the multi-use trail through the Legacy 

Parkway embankment. At the Mill Creed site, the structure will be oriented in a 

northwest-southeast direction. The D&RGW structure will run in an 

approximately north-south direction. 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 Brinckerhoff 

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

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

investigations performed by Kleinfe1der, Inc. and provides geotechnical 

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

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

Segment 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. Segment 3 was to begin at the north end of Segment 2 and 

continue north to about Lund Lane at the border between Centerville and Farmington. 

It is our understanding that a structure was initially planned at the D&RGW crossing 

location during early phases of the Design-Build work, but was later eliminated from the 

Design-Build project. Before the structure was eliminated, subsurfac~ investigations were 

completed at the site, and the test hole logs are contained in the PB/F AK Segement 3 

Geotechnical Report. No Design-Build test holes were located within about 500 feet of 

the Mill Creek site. 

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 

No buildings presently exist at the Mill Creek underpass site. Bountiful's 1200 North Street is a 

minor paved roadway that runs in an east-west direction within about 100 to 250 feet south of the 

proposed structure location. The roadway is underlain by several feet of embankment fill in the 

area. The nearest buildings are a line of several homes, beginning about 650 feet west of the site 

along the north side of 1200 North Street. A sewage treatment plant operated by South Davis 

Sewer is located approximately y,; mile west of the site. Bountiful Pond is located about 700 feet 

north of the Mill Creek site. Mill Creek is a small creek flowing in a generally south-to-north 

direction through the area. 

The anticipated D&RGW structure location is presently occupied by the old railroad bed running 

in a north-south direction along the westerly edge of Centerville. Sheep Road is an unpaved road 

that parallels the D&RGW line about 60 feet west of the railroad bed. It is our understanding that 

this road will be realigned to accommodate Legacy Parkway in this area. A power substation is 

located approximately 400 feet west of the proposed underpass structure, and various overhead 

power lines run were observed in the area. Some commercial/industrial buildings were also 

observed about 300 to 400 feet west of the site at the time of the field investigations. 

Various buried utility lines are known to exist in the vicinity of the proposed structures, 

including sewer, water, natural gas, oil/petroleum, and possibly some communications lines. 
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4.0 FINDINGS 

4.1 EXISTING SITE CONDITIONS 

The topography is relatively flat throughout Segment 2 and generally slopes down to the 

west toward 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 ofl-15. North 

of Parrish Lane in Centerville, the Parkway corridor will be located less than about 0.25 

miles west ofI-I5, 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 Mill Creek site is relatively flat, with the natural terrain sloping gently to the 

northwest. At the Mill Creek site, 1200 North Street is on embankment fill and is 

elevated about 5 to 7 feet above the surrounding properties. Some trees and brush line 

Mill Creek, and scattered trees were observed along the roadway. The Mill Creek 

structure will be located in an area vegetated by weeds, wild grass, and sparse brush at 

the time of the field investigations. 

The natural topography at the D&RGW site is also flat, with a gentle slope to the 

northwest. The railroad bed is raised about 5 to 6 feet above the surrounding ground. At 

the time of the field investigations, vegetations along the sides of the railroad bed 

consisted of wild grass and weeds, with some low brush and occasional trees. 

4.2 SURFACE DRAINAGE 

Surface drainage in the area generally follows the topography to the west and northwest 

toward the Great Salt Lake. In addition to the Jordan River and Oil Drain at the south 

interchange, some creeks, streams, and canals (including Mill Creek) cross the alignment 

at various locations, creating the potential for flooding. At some locations within 

Segment 2, the existing ground is covered by water during at least part of the year, 

creating difficult access conditions. The location of the Mill Creek structure was 

particularly wet and soft at the time of drilling, as were the low-lying areas adjacent to 

the railroad fill at the D&RGW site. 
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4.3 GEOLOGY 

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

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

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

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

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

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

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

northerly along the base of the Wasatch Mountains from Levan in the south, and up into 

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

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

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

Fault capable of generating large earthquakes with magnitudes near 7.4. 

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

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

predominately covered with Pleistocene Lake Bonneville deposits, and younger alluvial 

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

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

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

this shoreline, the lake eventually overtopped and breached through unconsolidated 

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

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

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

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

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

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

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

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

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

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

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

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

lateral spread deposits at some locations. Post-Bonneville lacustrine and marsh deposits 

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

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

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

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

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

consisting of cobbles and gravel in a sandy matrix. 

As shown on Figure 2a, the Mill Creek and D&RGW RR sites both lie near the border of 

two surficial geologic units mapped by Davis (1983). On the westerly side of the Legacy 

Parkway alignment in this area, the surficial materials are mapped as salt flat deposits, 

characterized by high silt, clay, and salt content and by poor drainage characteristics. The 

deposits mapped on the easterly side of the Parkway are Provo Formation and younger 

lake bottom sediments, which consist of clays, silts, sands, and localized offshore sand 

bars. It will be noted from the figure that the Mill Creek site is most likely covered by the 

salt flat deposits, while the lake bottom soils appear to cover the D&RGW site. 

A more recent surficial geologic map by Nelson and Personius (1993) is shown on Figure 

2b. On this map, the two sites also lie along the border of two difference geologic units. 

The deposits west of the Parkway in this area are described as young deposits of silt, clay 

and sand deposited in Great Salt Lake marshes, low-energy streams, oxbow lakes, and 

sag ponds resulting from seismic events. The young lake and marsh soils are often rich in 

organics and may contain localized zones of peat. East of the Parkway alignment, the 

surficial deposits are mapped as silt and clay with minor fine sand deposited in deep 

and/or quiet water of the Bonneville lake cycle. The marsh deposits shown on the 

westerly side of the Parkway are likely underlain by the lake bottom deposits mapped on 

the easterly side of the alignment. 
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Harty and Lowe (1992, 2003) prepared maps of several liquefaction-induced landslides 

along the Wasatch Front, including the North Salt Lake landslide features. The northerly 

limits of these landslides are located about 'lS. mile south of the Mill Creek site, and are 

identified as unit clsp on Figure 2b. The authors of the map noted that they were unable 

to confirm 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 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. 

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

tectonic subsidence will shift the lake toward the east. This subsidence will cause a rise in 

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

Subsidence and tilting will be greatest nearest the fault and will taper off away from the 

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

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

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

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

should be noted that the magnitude of this hazard is directly related to the level of the 

lake and the location and magnitude of the earthquake. Ground shaking from surrounding 

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

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

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

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

Other hazards include shallow ground water and potential flooding. Further discussion of 

seismic hazards at the Mill Creek and D&RGW sites is provided in Section 5.0. 
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4.5 SOIL MATERIALS 

Borings at the Mill Creek Site generally encountered firm to stiff lean and fat clay with 

some sand layers and lenses in the upper 60 feet. A medium-dense to dense sand layer 

ranging from about 4 to 7 feet thick was identified between depths of 60 and 70 feet, and 

was underlain primarily by clay with some sand layers. The frequency and thickness of 

the sandy deposits generally increased with depth. The deepest boring extended to a 

depth of 100 feet (approximate elevation 4113 feet). 

Borings at the D&RGW RR site encountered about 3 to 6 feet of sand and gravel fill 

associated with the railroad bed, followed by firm to stiff lean clay with sand lenses and 

occasional layers to a depth of about 48 feet. The sand layers increased in frequency and 

thickness below 45 feet, with lean and fat clay being the other predominant soil types in 

the bottom half of the borings. The deepest boring completed at the D&RGW site in 2006 

extended to a depth of 88 feet (approx. elev. 4134 feet). Several of the borings performed 

previously at the site by others extended to at least 200 feet, and the deepest of these 

terminated 247 feet below the ground surface (approx. e1ev. 3970 feet). 

Soil conditions for each site are described in further detail in Section 7.1.2. 

4.6 HYDROGEOLOGIC CONDITIONS 

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

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

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

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

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

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

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

mountain fronts. 

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

toward the Great Salt Lake. The depth to groundwater was measured in the borings as 

indicated on the boring logs. At the Mill Creek site, the water level was within about 5 

feet of the ground surface at the time of drilling (March 2006). At the D&RGW site, the 

groundwater was measured between 5.5 and 7 feet below the top of the railroad bed in 

February 2006. Fluctuations of a few feet can be expected due to typical seasonal 
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variations. Artesian conditions were encountered in the lower confined aquifers at some 

locations, including borings at the Mill Creek and D&RGW sites, as noted on the boring 

logs. 

4. 7 POTENTIALLY HAZARDOUS MATERIALS 

Potentially hazardous materials were not noted during the field investigation. All soil 

samples were re-examined in the laboratory and odors indicative of contamination were 

not noted. Potential sources of contamination include the oil drain at the southerly end of 

the project along with various past and present industrial sites located in the vicinity of 

the Parkway alignment. The apparent lack of contamination observed by field and lab 

personnel does not preclude the possible presence of potentially hazardous materials in 

the 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 ofthe 

Wasatch Fault Zone (WFZ) located about 1.7 miles west of the Mill Creek site, and 1.2 miles 

west of the D&RGW site. The Weber segment is capable of generating a magnitude 7.4 

earthquake. The Salt Lake City Segment of the WFZ is located about 3.3 miles southeast of the 

Mill Creek site and 4.6 miles south of the D&RGW site and can generate a magnitude 7.2 

earthquake. The West Valley Fault Zone is located about 7.5 miles south of the Mill Creek site 

(8.9 miles south of the D&RGW site). It is uncertain whether the West Valley Fault Zone has a 

true independent seismogenic source or if it functions as an antithetic fault to the WFZ. 

5.1 DESIGN CRITERIA 

The Mill Creek site is located at latitude 40.902° North and longitude 111.925° 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 

26.02 

61.77 

21.15 

2%PE in 50 yr 

62.71 

148.94 

62.19 

The D&RGW RR site is located at latitude 40.919° North and longitude 111.901 ° 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 

24.92 

59.38 

20.35 

2%PE in 50 yr 

63.48 

149.42 

62.06 

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 at both sites have average undrained shear strengths of 
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slightly greater than 1,000 psf. Based on this information, it is recommended that 

MCEER Site Class D be used for seismic design at the Mill Creek and D&RGW 

underpass sites .. 

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. 

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 (Youd 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 Calculated Liquefaction Settlement 

Site Boring No. 
(tt) (in) 

Within Depth Within Upper Within Depth Within Upper 
Investigated 50 Feet Investigated 50 Feet 

RSB-39-624 10.5 4.5 2.1 1.0 

RSB-39-625 5 1 0.8 0.3 
Mill Creek 

RSB-39-626 10 3 0.8 0.7 

RSB-39-627 13.5 2 2.1 0.5 

RSB-X3-628 6 1 1.4 0.4 
D&RGW RR 

RSB-X3-629 10 3 1.6 0.7 

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

spread at either site. It is our opinion that the potential for lateral spread at these sites is 

very low, and lateral spread mitigation is not necessary for the proposed structures. The 

principal consequence of liquefaction at these sites is expected to be ground settlements, 

estimated to range in magnitude from about 0.8 to 2.1 inches as shown on the table. 

RB&G ENGINEERING, INC. 
Provo, Utah 

H:\2006\\ 00_ LegacyPkwy Genera\\Fina\ Reports\MiII Creek & D&RG\Repolt_E-2S72&E-2S73.\006.doc 
Page \2 



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 or structure, 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 Mill Creek site was designated with the number "39" for subsurface exploration 

numbering purposes. Borings performed for the Design-Build project at the D&RGW site 

are labeled with the numbers "13" and "14", in reference to the numbers of the structures 

initially planned for the site. For the current project, the D&RGW site was numbered 

"X3". 

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

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

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

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

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

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

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

used for each boring is noted on the boring log. The 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% in the spring of2006. 

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

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

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

exceeds the inside diameter of the sampling spoon. 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 LASORA TORY TESTING 

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

subsurface material included: 

1) Mechanical Analysis 
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2) Density 

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 perfonned in accordance with applicable standards published by 

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

Association of State Highway and Transportation Officials (AASHTO). 

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

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

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

7.1 DESCRIPTION 

7.1.1 General 

It is our understanding that Structures E-2572 and E-2573 will both be box culvert 

type structures which will allow portions of the multi-use trail system to pass 
beneath Legacy Parkway. The maximum cover over the structures is expected to 

be less than about five feet. 

It is anticipated that the Mill Creek underpass will consist of two cast-in-place 
concrete boxes; each about 66 feet in length and having inside dimensions of 

about 20 feet wide by 10 feet high. An open trail area about 35 feet wide is 

expected to exist in the Legacy Parkway median area between the two box 

sections. The structural engineer has informed us that the maximum Strength I 

bearing pressure beneath the structures will be about 5.7 ksf. 

The D&RGW RR trail underpass is expected to be a single cast-in-place box 

structure about 466 feet long, with an inside width of about 28 feet. Preliminary 
drawings show that the inside height of the structure will vary from about 8 to 10 
feet, with a two-foot step up in grade between the equestrian trail and the 
pedestrian trail. It is our understanding that the maximum Strength I bearing 

pressure on soils beneath this structure will be approximately 5.9 ksf. 

7.1.2 Subsurface Conditions 

7. 1.2. 1 Mill Creek Site 

Boring RSB-39-624 was drilled near the anticipated location of the northwest 

end of the underpass. This boring encountered firm to stiff lean clay with silt 
lenses in the upper 36 feet, followed by alternating layers of medium-dense 

sand and stiff lean clay up to 5 feet thick to a depth of about 50 feet. Firm fat 
clay was identified between about 50 and 57 feet, then stiff lean clay to about 

64 feet. A zone of medium-dense silty sand with thin clay layers was 

encountered between 64 and 71 feet, followed by stiff lean clay with 

occasional sand layers to the bottom of the boring at a depth of79.5 feet (elev. 

4133 feet). 
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Borings RSB-39-625 and 626 were drilled near the interior ends of the two 

anticipated structures (in the Legacy Parkway center median area). Each 
boring encountered 14 feet of firm to stiff lean clay with thin sand and silt 

layers, followed by firm to stiff fat clay with sand and silt lenses to an average 
depth of 47 feet. The soil deposits below 47 feet were predominantly firm to 
stiff clay, with layers of medium-dense to dense sand up to about 5 feet thick. 
Boring RSB-39-625 terminated at a depth of 96.5 feet (elev. 4116 feet), and 
Boring RSB-39-626 terminated at 85 feet (about elev. 4127 feet). 

Boring RSB-39-627 was located near the southeast end of the anticipated 
underpass. The subsurface profile in this boring consisted of about 12 feet of 
stiff lean clay with sand lenses, followed by firm to stiff fat clay to a depth of 
38 feet. A two- foot zone of medium-dense sand was identified between 38 
and 40 feet, and was underlain by stiff lean clay with some sand layers to 
about 62 feet. Another deposit of medium-dense sand was encountered 
between 62 and 67 feet, followed by firm to stiff lean clay with occasional 
sand layers up to about 3 feet thick to the bottom of the boring at a depth of 
1000 feet (about elev. 4113 feet). 

Samples of lean clay obtained from the borings were tested in the laboratory, 
and were found to have liquid limits ranging from 30 to 47 (average of 41), 
and plasticity indices between 12 and 26 (average of 20). The liquid limit of 
the fat clay samples was between 51 and 73 and the plasticity index ranged 

from 31 to 49. 

7.1.2.2 D&RGW RR Site 

Borings and CPT holes completed by others for the Design-Build project 
included several test holes near the proposed D&RGW RR underpass 
structure. These explorations characterized the subsurface soils as 
predominantly soft to stiff cohesive soils. Some relatively thick (greater than 
about 10 feet) deposits of medium-dense sand appear on the boring logs; 
however, the continuous CPT profiles suggest that the sand layers are usually 
less than 6 to 7 feet thick. The deepest CPT extended to about 176 feet below 
the ground surface, and the deepest boring reached a depth of 247 feet (elev. 
3970 feet). 

Boring RSB-X3-628 was drilled at the south end of the proposed structure, 

and encountered 3 feet of granular fill material, followed by firm to stiff lean 
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clay to about 48 feet. A zone of finn to stiff fat clay was identified between 28 

and 58 feet, followed by a deposit of silty sand about 3 feet thick. Below 61 
feet, the boring encountered finn to stiff lean clay with sand layers up to 2 feet 
thick. The boring tenninated at a depth of83 feet (elev. 4138 feet). 

Boring RSB-X3-629 was drilled about 100 feet south of the north end of the 
structure, and this boring encountered 6 feet of granular fill, underlain by finn 
to stiff lean clay with sand layers up to 3 feet thick to a depth of about 58 feet. 
Medium-dense to dense silty sand was the predominant soil type between 58 
and 72 feet, followed by finn to stiff lean clay with sand layers up to 3 feet 
thick to the bottom of the boring at a depth of88 feet (about elev. 4134 feet). 

Samples of the lean clay from Borings RSB-X3-628 and 629 were tested in 
the laboratory, and the liquid limit was detennined to range from 33 to 49, 
with the plasticity index between 15 and 28. One sample of fat clay was 
tested, and this sample had a liquid limit of 55 and a plasticity index of 32. 

7.1.3 Groundwater Conditions 

The shallow static groundwater level was encountered at a depth of about 5 feet 
(approx. elev. 4207.5 feet) at the Mill Creek site at the time of drilling (March 
2006). At the D&RGW RR site, the shallow groundwater was between elevations 
4215 and 4216 feet (5.6 to 6.7 feet below the top of the existing railroad bed) at 
the time of drilling in February 2006. It is anticipated that up to two feet of 
groundwater fluctuation may occur due to typical seasonal variations in 
precipitation and climatic cycles. Greater fluctuations are possible under unusual 

environmental conditions. 

7.2 RECOMMENDATIONS 

7.2.1 Bridge Structures 

Potential foundation types at the Mill Creek and D&RGW RR underpass sites 
include shallow foundations, such as spread footings, and deep foundations, such 

as drilled shafts or driven piles. It is anticipated that the bottom of each culvert 

can be designed as a mat foundation. This type of shallow foundation will be 

significantly more cost-effective than deep foundations. Recommendations for 

shallow foundations are summarized below. Recommendations for deep 

foundations can provided for the underpass sites if needed. 
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7.2.1.1 Foundation Design 

The bottom of the box structures are expected to be between elevations 4211 

and 4212 feet at the Mill Creek site, and between elevations 4212 and 4215 

feet at the D&RGW site. The soils encountered at these elevations are 

predominantly finn to stifflean clays. It is anticipated that the bottom of each 

concrete box underpass structure will act as a mat foundation, and that the 

bearing pressures at the bottom of each culvert will generally be somewhat 

less than the pressures induced in the sub grade beneath the surrounding 

embankment fill. 

Bearing capacity for the underpass box structures will be controlled by the 

firm to stiff lean clay encountered in the upper 20 to 40 feet of the subsurface 

profile at each site. The results of field and laboratory testing indicate that 

these soils have a short-tenn nominal bearing resistance of about 5,140 psf at 

the Mill Creek site, and about 5,400 psf at the D&RG RR site. The Strength I 

bearing resistance can be estimated by multiplying the nominal resistance by a 

resistance factor of 0.50. These bearing resistance values are applicable to the 

structure placed on existing sub grade soils prior to placement of roadway 

embankment fill around the structure. 

It should be noted that the placement of roadway embankment fill will 

consolidate sub grade soils, and the clayey soils will gain strength with 

consolidation. If roadway embankments adjacent to the underpass are 

constructed in such a manner that loads from the roadway fill weight do not 

exceed the bearing resistance of the sub grade, bearing resistance will not be 

critical for the structure. Staged construction, lightweight embankment fill, or 

sub grade reinforcement/modification may be necessary to provide sufficient 

bearing resistance for the new fill, depending upon fill heights. Any sub grade 

modification or staged construction recommendations provided by Kleinfelder 

for the embankments in these areas should also be considered applicable to the 

structure foundation footprints. 

A coefficient of sub grade reaction of 50 pci is recommended for concrete 

supported directly on the sub grade clay soils. This estimated coefficient of 

subgrade reaction is for a 12-inch square footing area and is based on typical 
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values for the soils encountered at the sites. The coefficient of subgrade 

reaction can be increased to 100 pci if at least one foot of sandy gravel fill is 

placed beneath the concrete. 

7.2.1.2 Foundation Settlement 

It is anticipated that significant consolidation settlement will occur due to the 
placement of new roadway embankment fill adjacent to and on top of the 
underpass structures, and that differential and total settlement considerations 
may control the structural design. It is our understanding that Kleinfelder is 
providing settlement estimates and settlement mitigation recommendations for 
embankments throughout the project. If the structures cannot be designed to 
tolerate the anticipated settlements, it may be advisable to preload the 
foundation sub grade area with temporary embankment fill, allow 
consolidation to occur, and then excavate the temporary fill to construct the 

structures. 

Liquefaction of loose non-plastic soil deposits due to the design event may 
cause settlement related to volumetric strain. Estimated ground settlements 
due to liquefaction are discussed in Section 5.0. Based on these estimates, it is 
anticipated that structures may experience up to about two inches of 
settlement due to liquefaction in the design seismic event. 

7.2.1.3 Construction Considerations 

As a minimum, the upper 6 inches should be stripped from the foundation area 

to remove excess organic matter. Following foundation excavation, the area 

should be proof rolled with light ground pressure equipment. Soft areas should 
be over excavated and stabilized. 

Based on anticipated foundation elevations and groundwater levels 
encountered m the borings, some dewatering may be necessary for 

construction of the underpass structures. 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 usmg 
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 
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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 a four-inch layer of granular borrow be placed at the bottom of 

excavations 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, 1.5H: 1 V cut slopes or flatter should be used for the entire depth 
of the cut. 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 structures or utilities located within 500 feet of the 

construction areas. 

7.2.2 Embankments 

Analyses and recommendations for embankments are provided In a separate 

report by Kleinfelder. 

7.2.3 Retaining Walls 

Analyses and recommendations for retaining walls are provided in a separate 

report by Kleinfelder. 

7.2.4 Lateral Earth Pressures 

Lateral earth pressures can generally be calculated using the equation 
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The earth pressure coefficient used in designing the walls will depend upon 

whether the wall is free to move during backfilling operations, or whether the wall 

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

during backfilling operations, we recommend that an active earth pressure 

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

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

generally the case with box culverts and similar structures), we recommend that 
an at-rest earth pressure coefficient be used to calculate the lateral earth pressures. 

A passive earth pressure coefficient should be used to calculate the lateral soil 

resistance where the wall is being pushed toward the soil. It should be recognized 

that the pressures, calculated by the above equation, are earth pressures only and 
do not include hydrostatic pressures. Where hydrostatic pressures may exist 

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

hydrostatic pressure, or that a drainage system be placed behind the wall to 
prevent the development of hydrostatic pressures. 

Lateral earth pressure coefficients and other recommendations for computing 

lateral earth pressures are included in Appendix D. A general earth pressure 
coefficient has been provided for calculation of earth pressures where mechanical 

compaction equipment is expected to be operated near non-yielding walls less 

than about 8 feet high. This scenario is anticipated during placement of fill around 
culverts. The residual pressure from compaction equipment can be reduced by 

limiting the proximity and weight of compacting equipment near culvert walls. 

Recommendations based on the Mononobe-Okabe approach for active and 

passive seismic lateral earth forces are included in Appendix D. For non-yielding 
walls, recommended equations for calculating the dynamic thrust and dynamic 

overturning moment are also provided. 
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8.0 CORROSION INVESTIGATIONS 

In order to obtain an indication of the corrosive nature of the subsurface material at these sites, 

resistivity, pH, sulfate, and chloride tests were performed on soil samples obtained in the test 

holes. The results of these tests are tabulated below: 

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

E-2572 
RS8-39-624 3-4.5 Lean Clay 15,573 8.6 1,542 615 

Mill Creek 
RS8-39-626 6-7.5 Lean Clay 7,786 8.4 598 415 

E-2573 RS8-X3-628 5-6.5 Lean Clay 11,680 9.1 366 190 D&RGW 

The following table taken from the Bureau of Reclamation Concrete Manual indicates the 

amount of sulfate producing adverse effects on concrete in contact with soil containing sulfate. 

Relative Degree Percent Water-Soluble Sulfate mg/l Sulfate (as S04) 
of Sulfate Attack (as S04) in Soil Samples in Water Samples 

NeQliQible 0.00 to 0.10 o to 150 

Positive1 0.10 to 0.20 150 to 1,500 

Severe2 0.20 to 2.00 1,500 to 10,000 

Very Severe3 2.00 or more 10,000 or more 

1 Use type II cement. 

2 Use type V cement, or approved combInation of portland cement and pozzolan which has been shown by tests to 
provide comparable sulfate resistance when used in concrete. 

3 Use type V cement plus approved pozzolan which has been determIned by tests to improve sulfate resistance 
when used In concrete with type V cement. 

The water-soluble sulfate content in one sample at the Mill Creek site was about 0.15 percent, 

and a positive degree of sulfate attack should be expected. Type II cement is strongly 

recommended for concrete in contact with soil at the Mill Creek site. Based upon the above tests, 

Type I or Type II cement may be used for concrete at the D&RGW RR site; however Type II 

cement is preferred for its superior resistance to deterioration. 
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9.0 LIMITATIONS 

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

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

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

investigation. If during construction, conditions are encountered which appear to be different 
than those presented in this report, it is requested that we be advised in order that appropriate 

action may be taken. 

The information contained in this report is provided for the specific location and purpose of the 
client named herein and is not intended or suitable for reuse by any other person or entity 

whether for the specified use, or for any other use. Any such unauthorized reuse, by any other 
party is at that party's sole risk and RB&G Engineering, Inc. does not accept any liability or 
responsibility for its use. 
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DESIGN DATA: 
HL-513 IN ACCORDANCE WITH 3RO £anum AASHTO LRFD AND INTERILI 
SPECIFICATIONS THROUGH 2006. 
CAST-IN-PLACE cONCRETE: 'f'o ... "DOD pal: fy (REINF.1 IZ 60.000 pal: n-8 
PRECAST CONCRETE; f'o = 5000 psI: fy fNOHPRESTRESSEDI ... 60.000 psi: n-6 
STRUCTURAL STEEL: fY = '36.000 psi 
DESIGN SPEED: 70 IJ'Ph LEGACY PARU'AY: 
SEISMIC: SEISt.UC DESIGN PER WCEER/ATC 49 

(2475 YR RETURN PERIOD. 3~ PE IN 7S YEARS I 
Sa = WAX COHSIOERATION ED CRI1JND IoI)TIOO AT 0.2 _ 1.41 g 
S1 -= MAX CONS [DERATION EO GROUND J,[JTJ[JI AT 1.0 _ 0.59 g 
SlTE CL.A5S X 

TRAFFJC DATA: 2020 AOT = 37300 LEGACY PARKWAY NORTHBOUND 
2020 ADT = 31300 LECACY PARKWAY SoUTHBCUND 

DESIGN MAXIMUM COVER = 3 ' -6-
DESIGN WINIIdUW COVER. X'_X-
SOIL. MOIST UNIT WEIGHT =- xx #/CF 
SOlL SUBMERGED UNIT WEICHT ... XX #/CF 

3[1'-6-

28'-0· 

PRoPOSED GRADE MIN COVER- X'-X" 
/ L.EGAC~ PARKWAY MAX COVER_ 3'-6" 

. ~ 

l . i' 14'-6· 
PED. TRAIL 

I Ii ~ I PED. TRAIL 
'f' 

! 
I' } CONTROL II HE 

~ :1 ~ I r ;. UGHT WT. F1ll 

" ~ / 
:1 ~ - /1'1 ! ~J\ PROPOSEO TRAIL/ ..(' 

~ • • OR""" 

. \ - I--cJ 
EL. 42104.51 (SOUTH ENOl 

l' \ 
EL. 4212.10 (NORTH ENOl 

N I 
EL. -4219.24 (SOUTH ENOl 
EL. 111211.37 (NORTH END) 

IELEVATIONS TAKEN AT CL BOX 
F ACE OF STRUCTURE I 

SECTION THRU STRUCTURE 

« 
a: 
I-

UJ I- a 
>- VI :::J « :::J 0 ,., I >- U'l 
".: « ex: I- -' « -' l"-
a. :::J 06 LO 

~ a 
>- z a 
u c.o 0 I 
<{ !:5 - IL 
t!) I- (fJ 

I.JJ Cl « 
:::J -' a: I-

UJ 
> VI a t;oc 

a. il -' 

SL / DAVIS 

E-XXX 
DVG. I«J. 

SHT • ...L OFL 



' .. 

MAX. COVER 
3 .... 

PEDESTRu' TRA.JL AT 

BOTTOM OF 
C. loP. BOX 

MAX. COVER 
2'-10" 

LONGITUDINAL SECTION 

PROPOSED 
GRADE 

ROADWAY BARRIER 

ITYP.' \ 

RAMP C 

PEDESTR(AN TRAIL AT 
NDRTH ACE OF STRUCTURE 
EL. 4217·356 

--' 
<C 
c: 

>- f-
<C w 3: I/) 
><: ::l a:: I 
<I: 
II.. f-

--' >- ::l 
C,.l ::E 
<C 

Cl t!) 
W ~ --' 0 

N 

f-
::l 
0 
>-
<C 
--' 

"" Z 
0 

f-
<C 
:::J 
f-

I/) 

o 

I'­
c.o 
o 
o 
I 

II.. 
Vl 

SL / DAVIS 
UNTY 

E-XXX 

~ ~L~L sL-____________________________________________________________ ~~~ ova. NO. 



El. 42.26 

I 
! L _______________________________________________ _ 

~ 

! 
! , 

I 
I • 

SECTION B-B 

BARRIER 
TRANSITICH 

M I NNESOT A RA I LI NGI 
ROADWAY BA,PJUER 

! , 
--------------------------------, 

HEADWALL ELEVA TION BOX STRUCTURE (CIP) 

IHEADWALL S~EWED RELATIVE TO BOX - SEE PLAN DRAWING) 

HEAOJA.lL (CIP} 

LOW RETUNING WALL I II 
...!.fLL-

SECTION D-D 

EXPANSION JOINT 

SECTION C-C 
STONE FACING 

SECTION A-A 

~ 

i 

:;: I I I 0 
i:: I I I ~ 
0: i ~ I 
0 

I I I a.. z 
~iS 
~5~ ill -I e:,:~ 

0-0 

ii 1 A ~ ~~ I-

I 
, 

in ~~ J 

~ :it;; i 
0: ; ~ 
Uj 
Cl Ii Ii :x:: 
~ 
::;:, h 

...J '" -<C I- 0 
>- a: ::::l 
<C I- 0 
~ >- LJ"l 
><: I.JJ « 
a: 1Il ...J 

« ::::l l"-
ll. I o<J to 

0 
>- I- Z 0 
U ...J 0 I 
« ::l a.. 
t!l ::::;: I- VJ 
I.JJ « 
...J 

C!) ::::l 

~ I-

0 VJ ijl 
~z 

SL I DAVIS 

E-XXX 
eva. Pm • 

OHT_ .L",L 



APPENDIX B 
Test Hole Logs 



LP OVER MILL CREEK TRAIL 

E-2572 



RB&G 
ENGINEERING 

INC. 
PROVO. lITAH 

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

0.45 • torvane (tst) 

PUSHED 
UNDISTURBED SAMPLE 0.45 _ Torvane (tst) 

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

= Potential Liquefac tion 
= Potential Liquefaction & 

Lateral Spread 



DRill HOLE lOG 
PROJECT: LEGACY PARKWAY - E-2572 (L.P. OVER M-USE TRAIL NEAR MILL CRK.) 

CLIENT: UTAH DEPARTMENT OF TRANSPORTATION 

LOCATION: N -376,370, E -56,344 

DRILLING METHOD: CME-55 NO.2 1 N.w. CASING 

DRILLER: D. SAMPSON 

DEPTH TO WATER - INITIAL: 'Sl. 5.0' 

Elev. Depth 
(ft) (ft) 

4160 

55 

See 
Legend 

Pushed 
0.42 

uses 
(AASHTO) 

CH 
(A-7-6(55)) 

AFTER 24 HOURS: Y 

Material Description 

FAT CLAY 
gray, moist, firm 

BORING NO. RSB-39-624 
SHEET 2 OF 2 

PROJECT NUMBER: 200601 .139 

DATE STARTED: 3/13/06 

DATE COMPLETED: ~3~/1.!..:4!.!..:/0::.!6~ ___ _ 

GROUND ELEVATION: --'4=2-'-"12'-'....4:....· __ _ 

LOGGED BY: N. BAILEY, G. PEASLEE 

Alter. 

73.1 48.3 73 49 0 2 98 

'" u; 
~ 
L­
ID 
.r:: 
6 

CT 

---- -- ------------ - ------
4155 

60 

8,8,10,(13) CL gray, moist, stiff 0.59 
LEAN CLAY W/SILTY SAND 
LENSES 

4150 

65 

Pushed CL 
SM dk. gray, wet 

7,14,9,(16) SM dk. gray, wet, med. 
0.36 dense 

4145 
SILTY SAND W/CLAY LENSES & 
LAYERS TO 3" THICK 

SM gray, wet, med. dense 

70 
-- --- --- - ----------------

4140 
Pushed CL 

brown, moist, stiff 0.65 (A-6(15)) LEAN CLAY 91 .3 29.5 35 14 0 1 99 CT 
75 

4135 

80 

§ 4130 
~ 
t-o 
(!) 

~ w 

!!l 4125 

85 

90 

95 

RB&G 
ENGINEERING 

INC. 
PROVO, UTAH 

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

0.45 • Torvane (tsf) 

NO S S PUSHED 
U I TURBED AMPLE 0.45-Torvane(tsf) 

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

= Potential liquefaction 
= Potential liquefaction & 

Lateral Spread 



DRILL HOLE LOG BORING NO. RSB-39-62S 
PROJECT: LEGACY PARKWAY - E-2572 (L.P. OVER M-USE TRAIL NEAR MILL CRK.) 

CLIENT: UTAH DEPARTMENT OF TRANSPORTATION 

SHEET 1 OF 2 

PROJECT NUMBER: 200601.139 

LOCATION: N -376,347, E -56,400 DATE STARTED: 3/14106 

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

DRILLER: D. SAMPSON 

DATE COMPLETED: 3/16/06 

GROUND ELEVATION: 4212.4' 

DEPTH TO WATER -INITIAL: 5l. -5.0' AFTER 24 HOURS: .Y ARTESIAN' LOGGED BY: G.PEASLEE 

Elev. 
(ft) 

4210 

4205 

4200 

4195 

4190 

4185 

~ 4180 

>­o 
(!) 
...J 

~ 
w 

3 4175 
~ 
(!) 
a:: 
o 
...J 
o 
(,) 

(/) 

g 4170 
...J 

0> 
M 

a:: 
o 
...J 
o 
(,) 

:; 4165 
(!) 
o 

J 

Depth 
(ft) 

5 

10 

15 

20 

25 

30 

35 

40 

45 

Q) 

Sample 

See 
Legend 

4,5,8,(20) 
0.86 

Pushed 
0.83 

3,3,4,(10) 
0.43 

Pushed 
0.52 

2,2,4,(7) 
0..51 

Pushed 
0.56 

1,1 ,5,(6) 
0..53 

Pushed 
0..54 

4,3,3,(5) 
040 

5,5,5,(9) 

Pushed 
0..71 

6,9,12,(17) 

uses Material Description 
(AASHTO) 

CL dk. brown to tan. moist, organics in top 12" 
firm 

CL It. gray, moist, stiff LEAN CLAY 

CL 
red-brown, moist, stiff (A-7-6(24)) 

8M SILTY SAND 

CL red-brown, moist, firm 

LEAN CLAY WISAND LENSES 

CL brown, moist, stiff 

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

CH gray-green, moist, firm to 
stiff 

CH 
(A-7-6(25)) dk. gray, moist, stiff FAT CLAY WISAND & SAND 

LENSES 

CH dk. gray, moist, stiff 

CH gray, moist, stiff 

CH gray, moist, firm 

CH gray, very moist, firm 

CH 
(A-7-6(39)) green-9ray, moist, stiff 

CL gray, moist, soft 

FAT CLAY W/SILTY SAND LENSES 
& LAYERS TO 2" THICK & 1" TO 
12" APART 

SANDY LEAN CLAY W/SAND 
LENSES 0.25" TO 4" APART 

j:;o 
Alter. Gradation 

'iii e~ x 
~ Cc :::I- 'E Q) 

~ ~ Q)u .~ ffi ::::i 
'0 

~ os .E >. 
0- 'tl a; '0 ro 

~ ~§ '5 iii > C G 0 U 0' '" ~ ro ::2> 
::::i 0:: (9 (/) 

(j) 

98.7 26 .3 44 24 0 5 95 

82 .4 38.7 51 31 o 20 80 

24.9 60 42 0 13 87 

22.4 30 12 0 28 72 

'" 1il 
Q) 
I-
Q; 
:5 
0 

CT 
UC 

CT 
UC 

RB&G 
ENGINEERING 

INC. 
PROVO. IITAH 

LEGEND: I ~ BlowCounlper 6" 
DISTURBED SAMPLE 2,3,2,(6} - (N'}60 Value 

0.45 .. Torvane (Isf) 

ND ST S PUSHED 
U I URBED AMPLE 0.45 - Torvane(lsf) 

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

; Potential Liquefaction 
; Potential Liquefaction & 

Lateral Spread 



DRilL HOLE LOG 
PROJECT: LEGACY PARKWAY - E-2572 (L.P. OVER M-USE TRAIL NEAR MILL CRK.) 

CLIENT: UTAH DEPARTMENT OF TRANSPORTATION 

LOCATION: N - 376,347, E - 56.400 

DRILLING METHOD: CME-55 NO. 2 / N.w. CASING 

DRILLER: D. SAMPSON 

DEPTH TO WATER -INITIAL: ~ -5.0' 

Elev. 
(ftl 

4160 

Sample 

See 
Legend 

Pushed 

uses 

CL 

AFTER 24 HOURS: ~ 

Material Description 

BORING NO. RSB-39-62S 
SHEET 2 2 

PROJECT NUMBER: 200601.139 

DATE STARTED: ...::3~/ 1!..:C4C!.!:/0~6 ___ _ 

DATE COMPLETED: ...::3~/1~6~/0~6 ___ _ 

GROUND ELEVATION: ...:c4c:2..!..!12:..,.:.4:!....' _ _ _ 

LOGGED BY: 

~ 
'iii 
eco=­
Q)" 
00. 
~~ 

o 

0..66 (A-6(8)) gray, mOist, stiff 
SANDY LEAN CLAY W/SAND 

101 .7 22 .8 32 14 0 31 79 ue 

4155 

4150 

145 

140 

4135 

7,12,16,(20.) 
0..60. 

Pushed 

7,7,10,(11) 
0. 75 

Pushed 
0..53 

LENSES 0.25" TO 4" APART 

CL gray, moist, stiff 

LEAN CLAY 

CL 
SP-SM gray, wet 

SP-SM gray, wet, dense SANDW/SILT 

CL gray, mOiSt, stiff 

CL 
(A-7-6(24)) gray, moist, stiff 89.7 32.3 42 23 0 1 99 eT ue 

LEAN CLAY W/SAND LENSES 

CL gray, moist, stiff 

§ 4130 
$' 

E 
C!l 
...J 

~ 
UJ 

3 4125 

CL gray, moist, stiff SANDY LEAN CLAY W/SAND 
LAYERS 

SILTY SAND 

SM,CL gray, wet, dense 

SM,CL 

SILTY SAND WI?" LEAN CLAY 
LAYER 

CL gray-green, moist, stiff 

RB&G 
ENGINEERING 

INC. 
PROVO, IITAH 

LEGEND: ~ ~ Blow Count per 6" 
DISTURBED SAMPLE 2,3,2,(6) - (N')60 Value 

0.45 .. Torvane (tst) 

S PLE PUSHED 
UNO I TURBED SAM 0.45 _ Torvane (tsf) 

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

= Potential liquefaction 
= Potential liquefaction & 

Lateral Spread 



DRILL HOLE LOG BORING NO. RSB-39-626 
PROJECT: LEGACY PARKWAY - E-2572 {L.P. OVER M-USE TRAIL NEAR MILL CRK.} SHEET 1 OF 2 

CLIENT: UTAH DEPARTMENT OF TRANSPORTATION PROJECT NUMBER: 200601 .1 39 

LOCATION: N - 376,290, E -56,430 DATE STARTED: 3/16106 

DRILLING METHOD: CME-55 NO. 2 1 NW. CASING DATE COMPLETED: 3/20106 

DRILLER: D. SAMPSON 

DEPTH TO WATER - INITIAL: 5l -5.0' 

Elev. Depth 
(ft) (ft) 

4210 

5 

4205 

10 

4200 

15 

4195 

20 

4190 

25 

4185 

30 

180 

35 

175 

40 

170 

45 

165 

Sample 

See USCS 
Legend (AA 

CL 

Pushed CL 
0. 76 (A-7-6(25)) 

3.4,6,(16) CL 
0.50. 

Pushed CL 
0..50. (A-7-6(29)) 

1,2,3,(8) 
0..65 

CL 

Pushed CH 
0..59 (A-7-6(36)) 

2,3.4,(9) CH 
0.52 

Pushed CH 
0..53 (A-7-6( 42)) 

2,2,2,(4) CH 0..30. 

Pushed CH 0.40. 

3,12,8,(17) CH,SM 0..61 

Pushed CH 
0..69 (A-7-6(44)) 

SM 

RB&G 
ENGINEERING 

INC. 
PROVO. IITAH 

GROUND ELEVATION: 

AFTER 24 HOURS: Y LOGGED BY: 

Material Description 

brown. moist, firm organics in top 12' 

It. gray, moist. stiff 

LEAN CLAY W/SIL T LENSES & 
SAND LAYERS TO 1" THICK 

red-brown, moist, stiff 

red-brown, moist, firm 
. . . . . . . . . . . . . . . . . 

LEAN CLAY W/SIL T LENSES 0.13" 
brown, moist, stiff TO OS APART 
-- ---- - - - -- - --- - --- - - -- --

gray, moist, stiff 

green-gray, moist, stiff 

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

dk. gray, moist, stiff 

gray, moist, firm 

gray, moist, firm 

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

gray, moisUwet. med. 
dense 

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

gray, moist, stiff 

green-gray, wet, med. 

FAT CLAY W/SAND LAYERS TO 
1.5" THICK & 4" TO 12" APART 

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

FAT CLAY W/SILT LENSES 

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

FAT CLAY W/SAND LAYERS TO 4" 
THICK 

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

FAT CLAY W/SAND LENSES 

SILTY SAND W/CLAY LAYERS TO 
2" THICK & FROM 2" TO 4" APART 

c 
' iji 
c ~ 

Q)O 
0.,9; 
~ 

0 

95.6 

87.6 

94.8 

93.8 

LEGEND: I ~ Blow Counl per 6" 
DISTURBED SAMPLE 2.3,2,(6) - (N')6o Value 

0.45 • torvane (1st) 

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

G.PE 

~~ 
:J~ 

.~ ~ 
o~ 

:2 6 '0 
'5 

U 0' 
~ 

26 43 

29.4 47 

30.8 56 

28.9 61 

29.6 68 

4212.4' 

(/) 

iii 
Q) 
f-

Qj Q; 
iii > .r: 

0 co ~ 
0: (!) 

CT 23 0 1 99 UC 

CT 26 0 1 99 UC 

36 0 5 95 

36 0 0 CT 

CT 47 0 13 87 UC 

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

= Potential Liquefaction 
= Potential Liquefaction & 

Lateral Spread 



DRILL HOLE lOG BORING NO. RSB-39-626 
PROJECT: LEGACY PARKWAY - E-2572 (L.P. OVER M-USE TRAIL NEAR MILL CRK.) 

CLIENT: UTAH DEPARTMENT OF TRANSPORTATION 

SHEET 2 OF 2 

PROJECT NUMBER: 200601.139 

LOCATION: N -376,290, E -56,430 DATE STARTED: 3/16/06 

DRILLING METHOD: CME-55 NO. 21 N.W. CASING DATE COMPLETED: --"3"-'12=0"-"10=6 _ __ _ 

DRILLER: D. SAMPSON GROUND ELEVATION: --'4""2-"12"".-'..4' _ _ _ _ 

Elev. 
(tt) 

4160 

4155 

150 

4145 

90 

95 

AFTER 24 HOURS: Y ARTESIAN' LOGGED BY: G. PEASLEE 

See uses Material Description 
Legend (AASHTO) 

Pushed 
0.69 

7,9, 13,(16) 
0.40 

Pushed 

4,3,4,(5) 
0.52 

Pushed 
0.85 

5,7,6,(8) 
0.72 

CL gray-brown, moist, stiff 

CL brown, moist, firm 

8M gray, wet 

SP-SM gray, wet, dense 

CL gray, moist, stiff 

CH 
(A-7-6(35)) gray-brown, moist, stiff 

CL brown, moist, stiff 

gray, wet, very dense 

SILTY SAND W/CLAY LAYERS TO 
2" THICK & FROM 2" TO 4" APART 

LEAN CLAY W/SAND LENSES 2" 
TO 8" APART 

SILTY SAND 

SAND W/SILT 

LEAN CLAY W/SIL T LENSES 

FAT CLAY 

LEAN CLAY 

SILTY SAND 

(/) 

Ul 
Q) 
f-
a; 
.r. 
5 

88.1 32.4 54 32 0 2 98 CT 
UC 

18 NP 0 86 14 

RB&G 
ENGINEERING 

INC. 
PROVO, llTAH 

LEGEND: ~ ~ BlowCounl per 6" 
DISTURBED SAMPLE 2,3,2,(6) - (N')60 Value 

0.45 .. Torvane (Isf) 

UNDISTURBED SAMPLE ~.~~~ Torvane (Isf) 

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

= Potential liquefaction 
= Potential liquefaction & 

Lateral Spread 



'" 0 

DRILL HOLE LOG BORING NO. RSB-39-627 
PROJECT: LEGACY PARKWAY - E-2572 (loP. OVER M-USE TRAIL NEAR MILL CRK.) 

CLIENT: UTAH DEPARTMENT OF TRANSPORTATION 

SHEET 1 OF 2 

PROJECT NUMBER: 200601 .139 

LOCATION: N -376,268, E -56,486 DATE STARTED: 3/20106 

DRILLING METHOD: CME-55 NO. 21 N.W . CASING DATE COMPLETED: 3/22/06 

DRILLER: D. SAMPSON GROUND ELEVATION: 4212.5' 

DEPTH TO WATER -INITIAL: 'Sl -SURFACE' AFTER 24 HOURS: Y. LOGGED BY: 

Sample 
i'?:-

Atter. Gradation 
rJ) 

'iii ~~ x iii 
c c :J~ 'E Q) 

~ ~ 
Q) 

aJu ~~ ::::; "0 I-
o~ .EO Qj o~ 

"0 Qi "0 
<=- ~5 '3 iii > C .I:: 

0 U 0- ro ~ ro (5 
::::; 0:: (9 (f) 

Elev. Depth 
(It) (ft) See USCS 

Legend (AASHTO) 

Material Description 

CL dk. brown, moist, stiff organics in top 12" 

421 0 
Pushed CL 

red-brown. moist, stiff 0. 70. (A-6(21)) 104.3 26.2 40 19 0 0 100 UC 

5 

4205 

3,4,5,(14) 
LEAN CLAY W/SAND LENSES UP 

0..32 CL It. brown. moist. lirm TO 12" APART 

10 
Pushed CL 

red-brown, moist, stiff 0..72 (A-7-6(25)) 98.4 28 45 23 0 2 98 UC 

2,2,4,(9) CL brown, moist, stiff 
0..60. 

4200 -------------------------

Pushed CH 

15 
0..78 (A-7-6(32)) gray. moist, stiff 97.7 27.5 55 33 0 11 89 UC 

4195 

20 

4190 

25 

4185 

30 

2. 1,2,(4) 
0..28 

Pushed 
0.50 

2,2,2,(4) 
0.25 

CH gray, moist, soft 

CH gray, moist, sti ff 

CH gray, moist, soft 

FAT CLAY W/SAND LENSES & 
LAYERS TO 1" THICK & 3" TO 12" 
APART 

~ 4180 FAT CLAY 
~ 
f-
0 
(:J 35 ..J 

~ 
W 

en 
:J 4175 

40 

45 

~ 4165 
o , 

Pushed 
0.47 

CH 
(A-7-6(36)) dk. gray. moist, lirm 

SP-SM gray, wet, med. dense SAND W/SIL T 

Pushed 
0.80 CL 

CL 

RB&G 
ENGINEERING 

INC. 
PIIOVO. UTAH 

gray, moist, stiff 

gray, moist, stiff 

SANDY LEAN CLAY W/SAND 
LAYERS TO 3" THICK & UP TO 10" 
APART 

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

0.45 .. Torvane (lsf) 

D ST R S PUSHED 
UN I U BED AMPLE 0.45-Torvane(lsf) 

76 45.1 54 33 0 2 98 CT 
UC 

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

= Potential Liquefaction 
= Potential Liquefaction & 

Lateral Spread 



DRILL HOLE lOG 
PROJECT: LEGACY PARKWAY - E-2572 (L.P. OVER M-USE TRAIL NEAR MILL CRK.) 

CLIENT: UTAH DEPARTMENT OF TRANSPORTATION 

LOCATION: N -376,268, E -56.486 

DRILLING METHOD: CME-55 NO. 21 NoW . CASING 

DRILLER: D. SAMPSON 

DEPTH TO WATER -INITIAL: '5l- -SURFACE' AFTER 24 HOURS: Y 

Elev. 
(tt) 

4160 

4155 

Sample 

See uses 
Legend (AASHTO) 

Pushed CL 
0.66 (A-7-6121)) 

CL 

Material Description 

gray, moist, stiff 

LEAN CLAY 

brown, moist, stiff 

BORING NO. RSB-39-627 
SHEET 2 OF 2 

PROJECT NUMBER: 200601.139 

DATE STARTED: -,,3,,-</2~0~/0~6~ __ _ 

DATE COMPLETED: --,3,,-,/2=-=2~/0~6 ___ _ 

LOGGED BY: 

~ 
'iii 
C c­
Q)u 
00. 
~~ 

o 

(/) 

Vi 
Q) 
I-

ID 
£i 
o 

95.2 26.8 41 20 0 3 97 ue 

4150 --------- - ---------------

Pushed SP-SM 
SP-SM 

(A-I -biD)) 

145 

047 CL 
Pushed SM 

6,7,9,(11) SM 
0.42 CL 

140 

7,8,12,(13) CL 0.70 

4135 

Pushed CL 
040 (A-7-612 1)) 

gray, wet 
SAND W/SILT 

gray, wet, med. dense 

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

gray, moist. firm 

brown, moist, stiff 

LEAN CLAY 

gray, moist, firm 

23 NP 0 92 8 

90.6 27.7 41 19 0 1 99 eT ue 

~ 4130 
S? 

LEAN CLAY W/S IL TY SAND 
LAYERS TO 1.5" THICK & FROM 2" 
TO 4" APART 

I­o 
~ 
...J 

~ 
W 
en 
::l 4125 

Pushed 
0.35 

CL 

CL 
SM 
CL 

SP-SM 
CL 

CL 

RB&G 
ENGINEERING 

INC. 
PROVO. IITAH 

gray, moist, firm 

gray, moist, stiff 

LEAN CLAY 

SAND W/SILT 

LEAN CLAY W/SIL TY SAND 
LAYERS TO 3" THICK 

LEGEND: ~ ~ Blow Count per 6" 
DISTURBED SAMPLE 2,3,2,(6) - (N')60 Value 

0..45 .. torvane (tsf) 

UNDISTURBED SAMPLE ~.~~~ Torvane ( tsf) 

OTHER TESTS 
UC = Unconfined CompreSSion 
CT = Consolidalion 
OS = Direct Shear 
TS = Triax ial Shear 

= Potenlial liquefaction 
= Potential liquefaction & 

Laleral Spread 



LP OVER MULTI-USE TRAIL & D&RGW RR 
E-2573 



DRILL HOLE LOG BORING NO. RSB-X3-628 
PROJECT: LEGACY PARKWAY - STR. E-2573 (L.P. OVER M-USE TRAIL & D&RGW RR) I SHEET 1 OF 2 

PROJECT NUMBER: 200601 .143 CLIENT: UTAH DEPARTMENT OF TRANSPORTATION 

LOCATION: N 382,594, E 62,862 DATE STARTED: 2/24/06 

DRILLING METHOD: CME-55 NO. 21 N.w. CASING WITRICONE BIT 

DRILLER: D. SAMPSON 

DATE COMPLETED: 2/27/06 

GROUND ELEVATION: 4220.9' 

DEPTH TO WATER -INITIAL: ~ N.M. AFTER 24 HOURS:.Y 5.6' LOGGED BY: G.PEASLEE 

>. 
OJ 

Elev. Depth 0 C 
(ft) (ft) 0 Q) -:5 ,§!: u 

:.::i I- Q) 

cr: 

4220 - ~. " 
4215 _~ 5~~. 15 

-~ 10 -~l:-:rx 
4210 - -~I'-' 13 

15 -~. 
4205 - ~,. 18 

20 - .~ 13 
4200 - ~ 

-
-

- 25 - '11 
4195 - - 'JIII 20 

: :~ 
4190 ~ 30 -~~[X 14 

~ - -~. N _ _ .. ' . 

;a 

~ 4185 ~ 35~~." 
~ - - ... 
:::J -
a: - : 

(!) - -
Cl: 

9 - 40 -~::I.:t-[X 
8 4180 - -V0 16 

~ = = .120 

"" x 

13 45- _ 5 4175 - . 19 
u 

;; 
(!) 
o 

-
- -

Sample 

See uses Material Description 
Legend (AASHTO) 

4. 14.11 .(39) 

4.3.4.(11) 
0.43 

Pushed 
0.62 

4.5.5.(12) 
0.85 

Pushed 
0.63 

0/10".1.1 .(2) 
0.36 

Pushed 
0.30 

2.3.4.(6) 
0.52 

Pushed 
0.55 

3.3.4.(6) 
0.40 

3,3.4.(5) 
0.40 

SP 
GM 

CL 

CL 
(A-6(19)) 

GRAVEL 
It. gray. mOIS!. loose \SAND 
black, moist, loose ~S<7IL""T~y:7rG;rR~A"V-;;E=OL------_...J 

1---------- - -- --------- - ---

brown to gray. moist. 
firm 

gray-red. moist. stiff 

LEAN CLAY 

CL brown. moist. stiff 

CL 
(A-7-6(25)) green-gray. moist, stiff 

LEAN CLAY W /SAND LENSES 

CL gray. moist. firm 

CL dk. gray. moist. firm LEAN CLAY 
8M aK."gray-;-we! - - - - -sTI.. -rrSAND- - - - - - - - - - -

CL 

CL 
(A-7-6(23)) 

CL 

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

gray. moist. stiff 

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

gray. moist. stiff 

gray. moist. firm 

LEAN CLAY W/SILTY SAND 
LAYERS TO 3" TH ICK 

LEAN CLAY W/SIL TY SAND 
LENSES 

CL gray, moist. firm 

--------------------------
FAT CLAY 

j:!-
Ailer. Gradation 

(/) 

'iii ~~ >< 
~ c.;:- ::J_ E Q) 

Q) () ~~ 
.., 

DE: ::::; .E 0- "0 Qj 
~ ~6 .::; 'iii > 

0 0 0- ro ~ 
::::; a: (!) 

105.8 24.2 38 20 0 

86.8 33 43 24 0 

101 .9 23.6 45 23 0 

Z ~ >. 
"0 ro 
c 0 ro !:! (fJ en 

iii 
Q) 

l-
~ 

Q) 
.r: 
(5 

pH 
Resist. 
Sulfate 

7 93 ue 

3 97 eT 

7 93 ue 

RB&G 
ENGINEERING 

INC. 
PROVO, lITAH 

LEGEND: ~ ~ BlowCounlper6" 
DISTURBED SAMPLE 2.3.2,(6) --- (N')60 Value 

0.45 .. Torvane (Isf) 

UNDISTURBED SAMPLE 6.~~~ Torvane (Isf) 

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

= Potentiat Liquefaction 
= Potential Liquefaction & 

Lateral Spread 



DRILL HOLE LOG BORING NO. RSB-X3-628 
PROJECT: LEGACY PARKWAY - STR. E-2573 (L.P. OVER M-USE TRAIL & D&RGW RR) EET 2 OF 2 

CLIENT: UTAH DEPARTMENT OF TRANSPOFU ATION PROJECT NUMBER: 200601 .143 

LOCATION: N 382,594, E 62,862 DATE STARTED: 2/24/06 

DRILLING METHOD: CME-55 NO. 21 NW. CASING W/TRICONE BIT 

DRILLER: D. SAMPSON 

DATE COMPLETED: ..!:2,,-,/2::..!7..!..:/0,,-,6~ ___ _ 

GROUND ELEVATION: .-"4'-'=.22"",0",-,.9,,--' __ _ 

DEPTH TO WATER -INITIAL: 5l. AFTER 24 HOURS: !'. 5.6' LOGGED BY: 

Elev. Depth 
(ft) (ft) 

4170 

55 
4165 

60 
4160 

65 
4155 

70 
4150 

75 
4145 

80 
4140 

4,5,7,(9) 
0.65 

Pushed 
10,11,26,(25) 

0..75 

Pushed 
0.50. 

5},8,(9) 
0..62 

CH 

SM 

CL 

SM 
CL 

CL 

gray, moist, firm 

gray, wet, stiff 

gray, wet, 

Material Description 

FAT CLAY 

FAT CLAY W/SILTY SAND LENSES 

SILTY SAND 

LEAN CLAY W/SAND 

SILTY SAND 

SANDY LEAN CLAY 

(A.7·6(15)) f-"':"~7:7-=':':"'----------------l 
SC 

(A-7-6(7)) 

CL 

CL 
(A-6(14)) 

CL 

gray, moist, stiff 

dk. gray, very moist, firm 

dk. gray, very moist, soft 

CLAYEY SAND 

LEAN CLAY 

.?:-
'iii 
c ~ 

"0 0 20 
~ 

0 

113.1 

'&i ., 
I-

-0 Q; 0; 
ti > .I: ' ", 

~ 6 rr II! 
::J 0:: (9 

29 55 32 0 1 99 CT 

28.9 33 15 0 4 96 

b 
<!l 85 
~ 4135 
UJ 

90 

95 

RB&G 
ENGINEERING 

INC. 
PROVO, I JTAH 

LEGEND: ~ ~ BlowCounlper 6" 
D ISTURBED SAMPLE 2,3,2,(6) --(N1)60 Value 

0.45 .. Torvane (Isf) 

PUSHED 
UNDISTURBED SAMPLE 0.45 _ Torvane (Isf) 

OTHER TESTS 
UC = Unconfined Compression 
CT = Consolidalion 
OS = Direcl Shear 
TS = Triaxial Shear 
CBR = Cal ifornia Bearing Ralio 

= Potenlial liquefaclion 
= Polenlial liquefaclion & 

Laleral Spread 



DRILL HOLE LOG BORING NO. RSB-X3-629 
PROJECT: LEGACY PARKWAY - STR. E-2573 (L.P. OVER M-USE TRAIL & D&RGW RR) 

CLIENT: UTAH DEPARTMENT OF TRANSPORTATION PROJECT NUMBER: 200601 .143 

OF 2 

LOCATION: N 382,234, E 62,804 DATE STARTED: 2/27/06 

DRILLING METHOD: CME-55 NO.2 1 N.W. CASING W/TRICONE BIT 

DRILLER: D. SAMPSON 

DATE COMPLETED: -"2"",/2,,,,8,-,,10~6 ___ _ 

GROUND ELEVATION: _4!.!::2c!::.2.!..:1.~6_' _ _ _ 

DEPTH TO WATER -INITIAL: 52 6.0' AFTER 24 HOURS:'!' 6.7' LOGGED BY: C. 

Elev. Depth 
(tt) (ft) 

4220 

5 

4215 

10 

4210 

15 

4205 

20 

4200 

25 

4195 

30 

190 

35 

185 

40 

180 

45 

4,5,8,(20) 
0..55 

Pushed 
0..89 

Pusiled 
0..73 

2,2,3,(5) 
0.40. 

Pushed 
0..38 

3,6, 12,(18) 
0.17 

2,1 ,2,(3) 
0..35 

Pushed 
0. 72 

3,4,5,(7) 
0.45 

Material Description 

CL II. gray & II. brown, 
(A-7-6(27)) moist, stiff 

CL II. gray & It. brown, 
(A-6(18)) moist, stiff 

CL It. gray w/some brown, 
moist, firm 

CL It. gray w/some brown, 
(A-6(19)) moist, firm 

CL,SM 
clay - It. gray, moist, soft 
sand - gray, wet, med. 
dense 

GRAVEL W/SAND & SILT 

LEAN CLAY W/SAND LENSES 1" 
TO 3" APART 

INTERBEDDED LAYERS OF LEAN 
CLAY & SILTY SAND 1.5" TO 6" 
THICK 

SM 
CL 

I gray, wet, loose SILTY SAND 
Il.gray, Very moiSt. firm - - - - - - - - - - - - - - - - - -

CL 
(A-7-6(31)) It. gray, very moist, stiff 

LEAN CLAY 

CL It. gray, moist, firm 

SILTY SAND 

2.3 NP 66 29 5 

97.8 25 47 27 0 7 93 CT 
UC 

102.7 25 37 17 0 2 98 UC 

91.6 33.2 39 17 0 3 97 UC 

85.1 31.5 49 28 0 99 CT 
UC 

RB&G 
ENGINEERING 

INC. 
PHOVO, UTAH 

LEGEND: ~ ~ BlowCounlper6" 
DISTURBED SAMPLE 2,3,2,(6) - (N1)60 Value 

0.45 .. Torvane (Isf) 

D S PUSHED 
UN I TURBED SAMPLE 0.45-Torvane (Isf) 

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

= Potential liquefaction 
= Potential liquefaction & 

Lateral Spread 



Q 
N 

~ 
I-
0 
(!) 

;J, 

DRIll HOLE lOG BORING NO. RSB-X3-629 
SHEET 2 OF 2 PROJECT: LEGACY PARKWAY - STR. E-2573 (L.P. OVER M-USE TRAIL & D&RGW RR) 

CLIENT: UTAH DEPARTMENT OF TRANSPORTATION PROJECT NUMBER: 200601.143 

LOCATION: N 382.234. E 62.804 DATE STARTED: -=2""/2=..:,7.:.;,10"""6'---__ _ 

DRILLING METHOD: CME-55 NO. 2 1 N.W . CASING W/TRICONE BIT 

DRILLER: D. SAMPSON 

DATE COMPLETED: -=2""/2""'8""'10"""6'---__ _ 

GROUND ELEVATION: -,,4C!=.22=-1~.6~' __ _ 

DEPTH TO WATER - INITIAL: '¥ 6.0' AFTER 24 HOURS: Y 6.7' LOGGED BY: 

Elev. Depth 
(ft) (ft) 

4170 

55 

4165 

60 

4160 

65 

4155 

70 

4150 

75 

4145 

80 

4140 

85 

Sample 

See USCS 
Legend (AASHTO) 

2,3,8,(8) 
0.25 

Pushed 

CL,8M 

Material Description 

LEAN CLAY 

INTERBEDDED LAYERS OF LEAN 
clay . It. gray. moist, firm CLAY & SILTY SAND 0.25" TO 4" 
sand - gray. wet, loose THICK 

8M gray, wet, med. dense 

8M 
(A·l·b) 

8M 

gray, wet, dense 

gray, wet, dense 
artesian at 70' 

SILTY SAND 

SILTY SAND W/CLAY LENSES & 
LAYERS TO 2" THICK 

Pushed 
0.40 

CL 
(A· 7·6(28)) gray, moist, fi rm 

LEAN CLAY 

4,6,5,(7) 
0.38 CL gray, very moist, firm 

LEAN CLAY W/SILTY SAND 
LAYERS 0.25" THICK & 0.5" TO 1.5" 
APART 

SAND W/SILT 

c- UI 

'iii iii 
c: .;:- <1> 
<1> tl I-
a~ 

"0 Qj lii 
~ iii > .£: ':; 0 a 0- ro ~ 

::; CL (9 

14.5 NP 4 78 18 

87.6 34 .9 48 28 0 1 99 CT 
UC 

~ 4135 
CJ) 

::> 

90 

95 

RB&G 
ENGINEERING 

INC. 
PROVO. IITAH 

LEGEND: ~ ~ BlowCounlper6" 
DISTURBED SAMPLE 2,3.2,(6) - (N')60 Value 

0.45 .. Torvane (Isf) 

PUSHED 
UNDISTURBED SAMPLE 0.45 _ Torvane (tsf) 

OTHER TESTS 
UC = Unconfined Compression 
CT = Consolidalion 
DS = Direcl Shear 
TS = Triaxial Shear 
CBR = California Bearing Ratio 

= Potential Liquefaction 
= Potenlial Liquefaction & 

Lateral Spread 
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-15. 
Depth: 53.7 

Inc.: 0 5 

-------------_ ... _-----------
Cone: 20 TON A .....)58 

23. Dote: 0 1 : 1 4 08 :3 4 
26 

u ( 
1. OK 

I 

Pore Pressure from 

130 
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1275 

BorIng: S8-1~ 
SMatof4 

- very salt 

- with sand lenses 

SAMPLE DESCRIPTlON 
IAS1II D 24111D2AI7l 

Depth 

It 

234 3 

001 2 

o 0 0 0 

o 0 0 2 

HU JUt 
LlH .lLlJ 
1\ II \\\\ 
HH -inr 
rrn -in1 
HH -H-H 
UH JHt 
_.lH _lJ.l 
\\\\ \\\\. 

","in -inr 
-in -,n1 
HH 
UUJU 
ELI. lLll 
III IIII 

nTi -inr 
nn -,nr 
HH -H-r 

ELl 
I II I 

UJ. 
.lUt 
IIII 

IIII -iHi 
nrr -rrn-

56 24 

16.2 23 

pH 
WSS 

R 
C 

SG 

C 
SG 

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

IfI i<:LEINFELDER 
Project No. 35-8163-05 

FIELD TEST BORING LOG 
Boring: 58-13-308 
Sheet 1 of 4 

lagged by: .J. Rajek 
Dale Start: 1/9/110 
Date Finish: 1H2ID0 
Station: 1013+313.168 14.02 RT 
Uno: D MAlNUNE 
CoanfD18tes (m): N 111.561.569 E 19,169.000 
EIevatian (m): 121S.134 
Tala! Depth Drilled (m): &1.& 
:lriII CantracIDr: _h Drilling 
DriIJer: C._on 
rug Type: CME-75 
Drilling MeIhad: _ Rotary 

Hammer Type: AuIDmatIc 
Rod Type: NW 
Boring Diameter:. 121 mm 

LEGENDINOTES 
ElevatIons based-upon North American Vertical Datum of 

1988 (NAVD 'SS) 

Coonftna~ ant HAD '83 

£ = Obse<ved GRlUndwater depth at time of drilling 

Blows = Number of blows required to drive sprd spaan 
sampler 150 mm or interval shown 

uses = u.- Soil Classilication System 
AASHTO. American Association of SIS1a HIghway and 

TraMpOrtaIIan 0fticIa1s 

= See Key to Sail ~ for Hst of abbrevlaUons 
and desa!pUons of tests 

SAMPLE TYPE 
~ SPT = Standard Penetration TMI, 34.!Imm 10 and 

50.Bmm 00 split_an sampler 

I MC = Mad_ CoJifomla Sampler, so.anvn ID and 
63.5mm OD sprd spoon sampler 

El P = Piston Sampler, 76.2 rnrn 00 

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

I@ BAG = Bulk Sample 

PLATE 8-134 



BorIng: SB-13-308 Test Results-' Legacy Parkway - Preferred Alternative 
'" SAMPLE 

c _2of4 0 • i i-ft ~ .! 1-215 to 1-151US 89 Interchange ... eSPTINJ" .. 
0 SAMPLE DESCRIPTION Depth .!! i~ f= .sg .. 
;e ~ OSPTINJ" ... " l! E :i .. III KLEINFELDER (ASTM D 2AIIID Z4IT) 

.0: ~ N,BI ..... porD.15n 
"''1 =~ I-

}- a. 
~ .- '_ ....... BIows) !I" ·z ~ 

-.., .. 
I! ~E "'I 

CI ... 
J ).5 ~~ .. 

w It m 0 ~ :=s 
(or __ ) 

Ii a '" ... .0: 

uses AASH'IO .. :i 15 Project No. 35-8163..()5 
a: .. ... ;; 

F- 1265 sandy Lan CLAY - stiII', wet. gray, fine.1IrU1ed - (continued) ~ 
I, I I I I 1 1 --

21 -~ UH -~UJ- FIELD TEST BORING LOG 
-I- Lean CLAY- medium stiff, wet. gray 70- 1== 

CL A-6 Boring: 58-13-308 
- SPT 610 0 3 3 5 I~J.l _lLlt - 22-1= Sheet 2 of 4 
-

I 
IIII 1111 -

Silly SAND - wet. gray 
75- 23- SM A-2-4 nn -rnr Logged by: J. Rajek 

-- [)ateSIaIt 1/lIII0 

-
24 -

Date Finish: 1112/00 

- rrn -rnr SlaIfon: 6013+313.168 14.02 RT 

60-

Ba 
1.kIe: DMAINUNE 

- P 0 

- 25- HH -H-H- Coordinates (m): N 116,581.569 E 19,169.000 

1-1260 - ~ 
P 584 Elevation (m): 1285.134 

- UH -~UJ- ToIlIIl Depth Drilled (m): 61.6 

85- 26 - Drill ContradDr. Ha:ztach Dn11ing 

I- -

~ - UJ.l .ttlJ _ 
DrBIer. c.Pebnon 

- 27-
FligType: CME-75 

I- - DrilIlngMetllod: MudRobuy 

-modlumdonse 
90-

~ SPT 610 5 9 11 19 I I ~,b 1111 tlammer Type: Autamatlc 
-

f- Lean CLAY- very still, wet, gray - 28 - CL M nn -rnr Rod Type: NW 

- ~ Boring Diameter. 121mm 

- 1= 
I-

95- 29- rrrr -rnr LEGEND/NOTES - 1= -
~ 

EIevatrons based upon North American Vertical Datum of 

1-1255 
- 30- HH -H-H- 1988 (NAVD '88) - 1= 

-wfth sand 
lOO- P 610 UH -~J-U-

Coortfinates are HAD '83 
- 1= 

I- - 31 -
l-

S]. = Observed Groundwater deplh at time of drilfing 

- I- l_ll.l .lLlJ. Blows = Number of blows ~ui~ to drive spnt spoon - l-

I- lDS- 32 - I- sampler 150 mm or intelV1ll.hown 

- I- 1111 1111 - 1= 
uses = Unified Soil Classillcation Sys1em 

- 33-

i I"lrr -rnr MSHTO = American AssociaIion of SIaIe Highway and 

I- - T" .. spor1ation 0IIicia15 

Silly SAND - medium _, WIll. gray, line ID c:oaroe-gnmed 110-
SPT - 810 SM A-2-4 7 7 8 15 . = See Key ID SoIl Logs lor list of abbmnations 

f- - 34- nn -rrrr and doscr¢ons of lests 

--
35- HH -H-H- SAMPLE TYPE 

t-125D 115-- ~ ~SPT = Standard Penetration Test, 34.9mm 10 and 
- UU -~UJ-

I-
- 36-

~ 
SO.8mm OD spftt spoon sampler 

120- J.lJ.l .lJ.l.J. IMC = Modified CaBfomia Sampler, SO.8mm ID and 

Sandy Lean CLAY- wet, gray P 610 CL A-6 63.5mm OD split speon sampler - 37 -f- -:+-

1111 1111 ~P = PislDn Sampler, 76.2 mm 00 
- :--- ~ f- 125- 36- nn -inr [l]SH = Shelby Tube, 76.2mm 00. pushed 

- ~ -
I- - 39 - -:-- rrrr -rrrr ~BAG .. Bulk Sample 

- -:--
130- E-:.. 

SPT I '11 I -- I I I 

PLATE B-135 



'=-lo:-:~"'-;"" .. '·.0· .' 
Y "ll:"l-:' ".,... SAMPLE DESCRIPTlON -.. , -. CASTlII D 2AIIID Z4I7} 

~ .. 

.: 
41 - ~ UU -~H~-
42 _~ J.l.JJ _lJJJ. 

t-

610 6 9 6 8 I I I I ---
135----

~ SM A-2-4 11111111 
4:t _~. P 610 

~ nn -inr 
44-~ nn Tnr 
45-~ H1+ -H-H-
4S _~ SPT 610 12 22 22 50 U~-~ b).~-~~-

47 _~. . J.I. J.l .l J.I. J. 
0: SPT 610 12 12 15 18 I I T'f I I I I 

- 4S -~ nn -inr 
160- ~ 

r- : 49 -~ nrr °rrrr 
1- 1235 I ==~=-==--_____ ---j : 5Q-~ HH -H-H-

r-lAnCLAY-stiff,-._ 165- I-- P 610 CL A-6 

t- hSiIIv="'SAN=O""--med--"ium---de.,-nse-'.--:"wetc""'arnv.,..-',.:-:--= . ..,..,....----~ _ 51 -~ SPT 610 A- -4 8 12 14 19 ~-~3~ -~~-~~-
LaanClAY-stitl,-'_ 170- 52 -1= CL A-6 HE Jut 

!= 1111 IIII 

t-

44 12.0 4S 

Silly SAND - -. gr.oy 

t-

t-

f-124O 

- medium dense 

f-

I-

-
140-

----
145----

-
150-

----
155-

-

53 -1= SPT 610 7 8 14 21- nn -inr 
54 -~ nrr -rrrr 
55-~ 1+1+ -H-H-
~ 

5B-~ HU )H~-

t-

f-

f-1230 

-

175-

--.-
lBO---

I--
57 _~ SPT 81°I--=SM"-+7'p,.z'--4,.-l 12 19 22 39 LlJJ2 JUt 

58 -~ SPT 610 12 17 17 22 HH -H-H-
59-~ nn -rnr 
~ SPT 610 CL A-6 22 34 3D 34 I I I I ~"\' I I 

~SiIy~SAN~~D~_~~~~~~~,~-.~~~--------~l65: 
-

sv 

93 

Legacy Parkway - Preferred Alternative 
1-215 to 1-15JUS 89 Interchange 

III KLEINFELDER 
Project No. 35-8163-05 

FIELD TEST BORING LOG 
Boring: SB-13-308 
Sheet 3 of 4 

Logged by' 
Da!eStart 
Date F.,ish: 
Station: 
Uno: 

J. Rojek 

1/9/1lO 
1/12/00 
6013+313.168 1 •. 02 RT 
DMAINUNE 

Coordinates (m): N 116,581.569 E 19,169.000 
3ewtian 1m): 1Z85.134 
Total Depth Drilled (m): 61.6 
DriD ConInIctor: _h DriIDng 
DriDer. C. Peterson 
RIg Type: CME-T5 
DrlDing Method: Mud R_ry 
Hammer Type: Automatic 
Rod Type: NW 
Boring Diameter. 121 nun 

LEGENDINOTES 
Elevations based upon North Amoncan Vertical Datum of 

1968 (HAVD '88) 

Coordinates are NAD '83 

~ = O_rved Groundwater depth at lime of drilling 

Blows = Nmnber of bJows required to drive split spoon 
sampler 150 mm or Interval shown 

uses • Unilled SoD Ctasslflcabon System 
MSHTO = ~n I\SSOCIation of State Highway and 

TransponatJon 0fIIcia1s 

= See Key to Soil Logs fer list of abbreviations 
and descriptions of tests 

SAMPLE TYPE 
iJ SPT = StancI.ard Penetra~on Te.~ 34.9mm 10 and 

5D.8mm 00 spfrt spoon sampler 

I Me = Modilled Calfomia Sample', 50.8mm 10 and 
63.5mm OD sprrt spoon sampler 

EI P = Piston Sampler, 76.2 mm 00 

ill SH = Shelby Tube, 76.2mm 00, pushed 

I§l BAG = Bulk Sample 

PLATE 8-136 
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SAMPLE DESCRIPTION 
jAS'T1I D 24IIID 2AI7} 

. """ Lean ClAY - very still. -. gray (conlinuod) 

"-1220 

1-1215 

f-1210 

I-

--
200- 61 ---- 62--
205--- 63-

-
210- 64---- 65--
215-- 66----
220- 67-

--- 68--
225-- 69 ---

-
230- 70-

-
-
- 71 -
-

235-- 72----
240- 73-

--- 74 -

-
245-

75---- 76 -
250---- 77 

-
255-

78 

- 79-
260---

1= 
1= 
~ 

Test Results • 
SAMPLE 

1-_r;::-r-_:-7."_r-___ -leSPT
lNJ. ·1 ~ It .; 

~ SoIl OSPT(N,).!l; ! E !i 
~E ClaalflcatIon Nt Blows per 0.15 n CGt.amr Chan 50 BIowa) ~ 1 ! ~ i 't:. 
!.s. uses AASH1tI (or _I shown) ~ ., i ~ ~ 

SPT 

a:: Q ~ iii Q 

610 

I I I I I I : I 

21 22 28 38 UU.'Iz3~U~-
I------l~ H U J Ll t 

IIII IIII 
IIII IIII 
rrrr -rnr 
HH -H-H­
~-~~-~ -~~-~~­

HE JUt 
IIII IIII 
IIII IIII 
rrrr -rrrr 
HH -H-H­
un -~~-~~­
un JUt 
IIII IIII 
IIII IIII 
rrrr -rrrr 
HH -H-H­
un -~~-~~­
HH JUt 
IIII IIII 
IIII IIII 
rrrr -rrrr 
I II I II I 

Legacy Parkway. Preferred Alternative 
1·215 to 1-151US 89 Interchange 

III KLEIN FELDER 
Project No. 35-8163-05 

FIELD TEST BORING LOG 
Boring: 58-13-308 
Sheet 4 of 4 

Logged by: 
DobI Start: 
DobI FrnIsh: 
SIaIion: 

Une: 

.l-Roolek 
1/91110 
1112100 
I0'I:l+313.168 14.02 RT 
DMAINUNE 

CoordInates (m): N 111,581.569 E 19.1&9.000 
ElevatIon (m): 1215.134 
Toial DepIh Drilled (m): 11.1 
DriI Contractor. _ Drilling 

Driller. C. Pmrson 
RIg Type: CME-T5 
Drilling Method: Mud Rotary 
HaJrmer Type: Automatic 
Rod Type: NW 
Boring DIameter. 121 mm 

LEGEND/NOTES 
EIevaIIons based _n NOIIh American Vertical Datum at 

1968 (HAVD '68) 

CoordInates .- NAD '83 

.ll • ObserVed Groundwater depth at lime at drilling 

BlowS = Number or bkMs required to drive sprrt spoon 
sampler 150 mm or Interval shown 

uses • Unified Soil Classification SySlllm 
AASHTO = American AssoaatIon of Slate Highway and 

Transportation 0ftIcIa1s 

= See Key to SoH lDgs lor list of abbreviations 

and d~ of tests 

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

SO.8mm 00 sptIt spoon sampler 

= ModIIiod ColIfomla Sampler. SO.8mm 10 and 

63.5mm 00 split spoon sampler 

• Piston Sampler. 76.2 mm 00 

= Shelby Tube. 76.2mm 00. pushed 

~ BAG = Bulk Sample 

PLATE 8-137 
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BolIng: S8-14-313 Legacy Parkway - Preferred Alternative 
c m-tl'af4 SAMPLE -1-215 to 1-15/US 89 Interchange 
0 SAMPLE DESCRlPllON =- Depth 

is IAS'TII D - 2487) 
III KLEIN FELDER 

w It Project No. 35-8163-05 

UU -~HJ FIELD TEST BORING LOG 

-wet.wllhligllt-~.-" Htl .l.J.I. 
Boring: 58-14-313 

pH 
Sheet 1 of " WSS 

IIII 1111 R 

-medium 1tiI!. willi and RImS " 3 3 4 i·~n Ini Logged by: S.LMwia 
Dale Slart 1117/00 

DaleFlnlslr. 
,_ 

nn -,1'11 Station: 1013+394.540 17.55 LT 

line: DIIAINUNE 

HH -H-H Coordinates em): N'16.147.190 E 19.184.405 
EIrtatIon em): 1285.358 

J-LU LJ.LJ Total Depth Drilled em): 75.3 
DrIll Contractor. Layne Christensen 

·3 
HH lLlJ 

MIer. c. Davis 
Rig Type: Mobl/eB-59 

1111 1111 
Drilling Method: Mud_ry 

10.4 61 33 100 
Hammer Type: Rap" and CathHd 

nn -rHI Rod Type: AW 
Boring DIameter 133mm 

n~~f inl LEGENDINOTES 

HH H-H 
E/eYatIons _ upon NOIIh American Vertical Datum of 

1988 (NAVO '88) 

UU JUJ 
Coordinates .... HAD '83 

'Sl. z Observed Groundwater depth at time of drifting 

JJJ.l JEJ Blows = Number of b/Qws noqulled to dINe spl~ spoon 
sampler 150 rrm or interwl shown 

-rlli 1111 uses ~ Unified Soil Classification Sys1em 
A.IISHTO = American _ of S_ HIghway and 

nn rnr Transportetion 0fIIcia1s 

nn -in1 9.4 C 
R See Key to Soil Logs for list of ._iations 

SG and deocripIIons of tests 

1270 
-H-r -H-H SAMPLE TYPE 

-LU LUt 
~SFT = Slandard Penetration Tes~ l4.9mm 10 and 

SO.8nvn 00 spilt spoon sampler 

I 
S HE Llt 

IMC lZ Mocflfied CaDfomia Sampler, SO.8mm 10 and 

;: --gray 12 17 17 24 
63.5mm 00 sprrt spoon sampler 

'! 1111 1\1\ ~P = PlS!on sampler. 76.2 rmI 00 

: 
i rri -rnr fiSH = Shelby Tube. 7S.2mm 00. pushed 

~ 
9 11 18 8 

nn -rnr ~BAG = BulkSample 

I I I 

PLATE 8-152 
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-1265 

-1250 

BorIng: S8-14-313 
_2014 

SAMPLE DESCRlP110N 
(AS'TM D 2CIIID ZII'1) 

Sily SAND - medium _ wet, daIk gray (cantInued) ---
70-

I-7oSI"'LT"--=medium==-=_:;;· .-:. wet,=-::;;0JJve.gray==-. =_=a =trac;a=-=of:i"1fine.grained;;::-:=· =sand:=::--I : 
--

75-
----

60-
----

65-
---

lean CLAY· oliff. wet, gray -
90-

r-S"'IL'"'T'"""--=med=Ium=_"'· ."""wet,=-g"'rry:::".-::with"'· :-:.""InIce::::::--:-:of""'fine.grUIed=::;:·.....,..sand--:---l : --
95-

---
- 1255 h-::=;,.......-;....-===-==-==-==-===-==.,-;;::=.,.---I100': lean ClAY - medium _. wet, _light brOwn and right grry _ 

---
105-

-- --
-

!--;;SIIly;;;::;;SAN=o,,".-::wet,:::-:oJive.g=-=rry="'"'. _=..,=med=Jum.g=-=ra::r.in=ed.-----l
110

: 

-
-1250 !-;;SIii'LTi'":.:::very=-:_....,. wet,=--=gray=:"C. wiIh==sand==seams=::-------I 115-: 

-
--

120-
----

~S~~SAND~~.~wet,~gray=-.£fine~..,-=mmw~=~~~-----~l~~ 
-1 
-1 
-1 

130-1 SILT· medalfl1 oliff. _~ gray. with fine.grained sand 

"-~ 
22-~ 
23-~ 
24-~ 
25-f§ 

~ 
25-~ 

~ 27-3 
;= 

28-~ 

29-~ 
30-~ 

,......., 
31-= 

--32-= 
-33-= 
~ 

34-~ 
35-~ 
35-~ 
37-~ 
35-I~ 
39-

~ 

SPT 505 10 9 9 9 

SH 510 
h:M:-L -I-M:-o--l 

SPT· 0457 3 4 4 6 

CL A-6 

SH 610 
h:M:-L -I-M ..... -l 

SPT 610 CL A-6 4 5 5 7 

SH 305 h S"'"M+A-'"'2""'.5,-J 

SPT 559 ML M 9 16 16 12 

SH 457 f--",SM~""A""-2;-:.5,..j 

ML M 
SPT 

I I I I I I I 

un -~u~­
Uti. -'-LlL 
IIII IIII 
nn -Inr 
rrn -~nr -. HH -H-H-
HU -~Uj­

HtI. -'-UL 
IIII IIII 
nn oinT 
nn -~nr 
HH -H-H­
!-'\.j-~ -~Uj­

UJJ -'-UL 
IIII IIII 
nn -ITIT 
nn -~rrr 
H-1e,~ -H-H­
HU -~Uj­
ELl JUt 

"" "" IIII -ITIT 
rrn -rrrr 
'51 I I I I I I 

63 14.9 31 

14.9 29 

67 

C 
SG 

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

III KLEIN FELDER 
Projec:t No. 35-8163-05 

FIELD TEST BORING LOG 
Boring: 88-14-313 
Sheet 2 of 4 

Logged by: 
DatIl SIart: 
DatIl Fnish: 

S.L..wIs 
1n71aO 
112t11DO 

Station: &013+3M.5otO 11.55 LT 
Una: D MAlNUNE 
Coordinates (m): N 111.1U7.190 E 19.184.405 
EJewlion (m): 1285.358 
ToIJIl Depth Drilled (m): 75.3 
OrIU Con1raclor. LlIyne Chris1ansen 
DnlJer. C. Davis 
RIg Type: MobIle 11-59 
DIiJIng Method: Mud Ramry 
Hammer Type: Rope and Cathead 
RDdType: AW 
Boring Diameter. 133 mm 

LEGEND/NOTES 
EleVatIons based upon North American Vertical Datum of 

1988 (NAVD'88) 

Coordinates " ... HAD '63 

'SI. = Observed Groundwa1er depth at time of driIrong 

BJows = Number of blows required III drive sprg spoon 

sampfer lSO rrm or Interval shown 

uses • Un_ Soi Classdicalion System 
AASHTO. American Association of Slate Highway and 

Transpol1alian Df!icials 

= See Key to Soil Logs for rlSt of abbreviations 
and desaiptlons of tests 

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

50.8rnm 00 spfit spoon sampler 

I MC = Modified CaBIomia Sampler. SO.Bmm 10 and 
63.5mm OD split ._n sampler 

~ P = Piston Sampler. 762 mm 00 

[I SH = Shelby Tube. 75.2mm 00. pushed 

I§l BAG = Bulk S8I11!>ie 

PLATE 8-153 
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Test Results • Legacy Parkway· Preferred Alternative 

c 0 SAMPLE 

i" ~ 
.!! 

0 9t;: ..... rl::-p·'·!SAMPLEDESCRIPTlON 
..... .SPT(NJ" • i ! co 1·215 to 1·15JUS 891nterehange 

~E 
Depth !! 

b' Co D 

.c ~ Soil o SPT INJ. 0.." i.!l " ! = :2 .. 
IH (!.SlM D :uatD 2A87) 

..... I- KLEIN FELDER I- e>. . lie - N,_pera.15~ (G.....,than sa Blowa, c~ "i:~ 
." "i:i! ~ 

'. - - - - k ;;; I! ... ~ . "0 "S :. 0 .. 
w II m C ~ uE (or Int." ... lshown) "1 ~ !: l.- ~z ..: .- uses MSIITO :i: 

~ ..... a Project No. 35-l!1~5 
II: 0 \!l Q 

t- 1245 
...... ClAY~"-'" iiIIf, wet. Bght -.gray, willi seams of gray silty - ~ 

610 Cl M 7 5 7 14 I I I I i I J I 

sand - FIELD TEST BORING LOG - 41 -~ H~.~ .~U~-
e-

135- I-- Boring: 58-14-313 -

~ HE JUt SILT with sand - stiff, wet. oIIve-gJay - 42 - Ml A-<I Sheet 3 of 4 -
I- - 1/11 III/ 140-

~ 
SH 610 66 17.3 20 55. - 43-

1111 "inr logged by: S.~ 

I- Silly SAND-medlum-' WO!I,.,." fine 10 ~wtth - SM .... 2·5 Dale Start 1117/00 
_~ ..... ...-. traceolcllly -- Dale FInish: 112111DO 
SILT· medium still, wet. gray, willi _ lenses 145-

44- Ml A-<I lJrr -rnr Etatfon: 1013+394.540 17055 LT 

I- - SPT 610 4 5 6 12 line: DIo1AINUNE . .t - 45- C/ HH -H-H- Coordinates (m): N 11',647.190 E 19,114.405 
- ./' 

1-1240 - '/. E_(m): 1215.351 

150- .t un -Ln~- Total Depth Drilled (m): 75.3 
C/ - 46- ~:.r 

Drill Con1ractor: ....,..a Chrlsta .... n 

I- - .I. HH JUt 
tmller. C.DavIo 

- .t RlgType: _B-59 - 47 -

~ I- 155-
SH 254 I II I IIII 

Drilling Method: Mud ROlllry 

Silty SAND • medium dense, wet. dart< gray, willi she! fragments, mic:a - SM A-2-5 Hammer Type: Rope and cathead - - 48- nn Rod Type: AW 
- I I II r - ~ 

BoringDlameler: 133 mrn 

160-
49 - SPT 533 5 7 14 17 ,i'n - -rnr LEGENDINOTES 

r -

~ 
- HH -H-H-

Elevations based _n North Amertcan Vertical Datum of 

-wtthslll_ 
- 50- 1988 (NAVD '88) 

1--1235 165-
SPT 10 17 15 14 ·13 coordinates are MAD '63 - HH -~n~-- 51 ~ ~ = Observed Graundwater depth at tIme of dnlling 

I- -

~ 
- EJJ JUt BlowS ~ Number of blowS requlrBd 10 drive spr4 spoon 

170-
52- sampler 150 mm or interval shown -

I- - III I 1111 SilT - wet. fight Q1IY, wtth oa:asional ~_ sand - Ml A-<I 
uses = lJniIied SoD ClassifIcation SysIIIm 

- 53-~ nn 
AASHTO = American AssocIation of State Highway and 

r 175-
SH 559 IIII 16.3 24 36 5 76 C 

rransporto1lon OIIicials 

- ~ SG 
. • See Key 10 Soil logs for list of abbreviations 

- 54- rrrr -rnr and descriptions of tests 

I- -
~ -

180- 55- HH -H-H- SAMPLE TYPE 
1-1230 

-

I Silty SAND -loose, wet, oiJve.gray, fine-gmned, wIIh mica flakes SM A-2·5 ~-~U -~U~-
~SPT 1111 Standard Penetration Test., 34.9mm 10 and 

56-
SO.Bmm 00 spr4 spoon sampler 

I- 165-
SPT 1S J'JJ JUt IMe = Modified CBIifomia Sampler, 5O.Bmm 10 and 

5114 5 6 12 

57-
63.5mm 00 split spoon sampler 

~ III I IIII BP = Piston Sampler, 76.2 mm 00 

SilT - wry l11li, wet. gr.y 190- 58 -
Ml A-<I 

SPT 610 5 6 10 10 trn IIII !r SH = Shelby Tube, 76.2mm ~O, pushed 

-
~ - 59 - nrr -rnr ~BAG = BulkSample 

195- ~ - 11 1 I I I I 

PLATE 8-154 



I 

IIortng: S8-14-313 
Sheel4of4 .§' SAMPLE 

Test Results • 

c 
o 
~e 
t­
iii 

SAMPLE DESCRIPTION 
(ASl1I D mIlD Z4S7) 

Depth jl '--_r;;:-,--_-::-::-_,.--___ -IeS
I'1'INJ" .. i~".,; ! l:' l!' 

I--~_-I J: I t- Soil OSPTptJ. ~ a ! E 3 ::i Ii = 'ii g 

"
f I Ie CladlAdDn N. Blows per 0.15 n CO ..... thaa SO 1IIaood) ~ 1 .! ! .! it. :!! :; 1 : "! 

1-1225 SILT - very still. wet. gray (continued) 

I-
-_.wIIIIgmtel 

-wllhsand 

I-

I-

,.-1220 

Lean CLAY - very stiff. wet. gray 

I-

I- SILT _ very stiff. wet. dark ollve-gray. with sand lenses 

I-- 1215 

-hard 

-very stiff 

f-1210 1------------------1 

It m 

--
200-----
205-----
210-

----
215-----
220-

----
225---

--
230--

-
--

235-----
240-----
245-----
250----

-
255-

--

61-~ 
Q-~ 
63-~ 
~-~ 
65-~ 
66 ~ 

1= 
67 -1= 

1= 
68 -1= 

1= 
69-~ 

70-~ 
71-~ 
n-~ 
73-~ 
74-~ 
75-~ 
76 -

77-

78 -

260-= 79-

--

?: u E (or Int.rvalshown) _ .,-~ -Q~ :i . i- -..!! - Go. ! 
~- uses AASHTO 1:I:l; ! ~- ::::i a.. 'at 

MC 610 

SPT 610 

CL 

MC 610 

ML 

SPT 584 

SPT 559 

SPT 50S 

17 18 15 14 ~-~~2~ -~H~-
J.l J.l -'- J.l J. 
II II 1111 
1I11 1111 

10 13 16 19 rr~1{ -rrrr 
HH -H-H­
UH -~u~­
J.l J.l .I. H 1. 

10 17 23 20 I I r'f I I I I 
IIII -inr 
nrr -rnr 

13 15 23 501 HH -H-H-
125r.

rU U -~H~-

15 45 24 24 J.l J.l -'-l!~ L 
II" 1111 

4 12 40
1
a:r I I I I ~~ I I rrrr -rrrr 

SPT 610r--+-_-I 6 12 18 24 H,'!f -H-H-
un -~H4-
J.t J.l -'-H J. 

"" "" "" "" rrn -rnr 
I I I I I I 

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

III KLEINFELDER 
Project No. 35-8163-05 

FIELD TEST BORING LOG 
Boring: 58-14-313 
Sheet 4 of 4 

Lagged by: S. LowIs 
Date SIaJt: 1I1711K1 
Dale finish: 112Dft1O 
SIaIIOn: 1013+314.540 17.55 LT 
Line: D MAlNUNE 
Coordinates (m): N 111,1147.190 E 19.1114.405 
~(m): 1~ 

Total Depth Drilled (m): 75.3 
DriB Contradar. L..y ... Christenson 
Dnller: C. DavIa 
Rig Type: Mobile 11-59 
DrIllIng Method: _ Rotary 

Hammer Type: R_ and c.theod 
Rod Type: AW 
Boring Diameter. 133 mm 

LEGENDINOTEs 
Elevations based upon North American Vertical Datum of 

1988 (NAVO '88) 

Coordinates are NAD '83 

'Sl- a Observed Groundwater depth at time of driffing 

BlOWS • Number of blows required to drive spDt spoon 
sampler 150 rnm or inteMlI shown 

uses • Unified Son CIass_ SpIOm 
AASHTO a Arnoric:an _ of State Highway and 

Transportation 0fIIaa1s 

• See Key ID SoH Lags for fist of abbreviations 

and desatptIons of tests 

SAMPLE TYPE 
~ SFT = Standard Penetration TosL 34.9mm 10 and 

5O.Bmm 00 splt.peon sampler 

• MC = ModlIied Callfamla Sampler. 5O.Bmm 10 and 
63.5mm 00 split spoon sampler 

~ P = Piston Sampler. 76.2 mm 00 

[I) SH • Shelby Tube. 76.2mm 00. pushed 

~ BAG • Bulk Sample 

PLATE 8-155 



APPENDIXC 
Laboratory Testing 



LP OVER MILL CREEK TRAIL 

E-2572 



PROJECT 
LOCATION 

Legacy Parkway 
Structure 0-2572 

Table 1 

SUMMARY OF TEST DATA 

(Legacy Parkway over Multi-Use Trail near Mill Creek) 

DEPTH STANDARD IN·PLACE ATTERBERG LIMITS 
BELOW PENETRATION 

UNCONFINED 
HOLE GROUND BLOWS DRY 

COMPRESSIVE 
NO. STRENGTH lIOUID PLASTIC PLASTICITY SURFACE PER UNIT MOISTURE (psO 

(It( FOOT WEIGHT (%) 
LIMIT LIMIT INDEX 

(%) (%) (%) 
(pel) 

RS8-39-624 9-10.5 Shelby 89.0 30.7 1973 46 23 23 

15-16.5 Shelby 86.4 31.2 954 44 19 25 

25-26.5 Shelby 89.4 32.5 1378 41 20 21 

40-41.5 18 23.7 NP 

53-54.5 Shelby 73.1 48.3 73 24 49 

73-74.5 Shelby 91.3 29.5 35 21 14 

RS8-39-625 6-7.5 Shelby 98.7 26.3 3460 44 20 24 

18.5-20 Shelby 82.4 38.7 1856 51 20 31 

43.5-45 Shelby 24.9 60 18 42 

48.5-50 16 22.4 30 18 12 

53.5-55 Shelby 101.7 22.8 1085 32 18 14 

73.5-75 Shelby 89.7 32.3 2088 42 19 23 

RSB-39-626 3-4.5 Shelby 95.6 26.0 2179 43 20 23 

9-10.5 Shelby 87.6 29.4 1982 47 21 26 

15-16.5 Shelby 30.8 56 20 36 

23.5-25 Shelby 94.8 28.9 61 25 36 

43.5-45 Shelby 93.8 29.6 2096 68 21 47 

73.5-75 Shelby 88.1 32.4 4082 54 22 32 

83.5-85 76 18.0 NP 

RS8-39-627 3-4.5 Shelby 104.3 26.2 2160 40 21 19 

9-10.5 Shelby 98.4 28.0 1879 45 22 23 

13.5-15 Shelby 97.7 27.5 2154 55 22 33 

33.5-35 Shelby 76.0 45.1 1570 54 21 33 

53.5-55 Shelby 95.2 26.8 1950 41 21 20 

65-66.5 21 23.0 NP 

78.5-80 Shelby 90.6 27.7 1662 41 22 19 

NP=Nonplastic 

PROJECT NO. 
FEATURE 

200601-139 
Foundations 

MECHANICAL ANALYSIS UNIFIED 
SOIL 

CLASSIFICATION 
PERCENT SYSTEM I 

PERCENT PERCENT (AASHTO 
GRAVEL SAND 

SILT 
& CLAY Classification) 

0 1 99 CL I A-7-6(26) 

0 3 97 CL I A-7-6(26) 

0 8 92 CL I A-7-6(20) 

0 85 15 SM I A-2-4(0) 

0 2 98 CH I A-7-6(55) 

0 1 99 CL I A-6(15) 

0 5 95 CL I A-7-6(24) 

0 20 80 CH I A-7-6(25) 

0 13 87 CH I A-7-6(39) 

0 28 72 CL I A-6(7) 

0 31 69 CL I A-6(8) 

0 1 99 CL I A-7-6(24) 

0 1 99 CLI A-7-6(25) 

0 1 99 CL I A-7-6(29) 

0 5 95 CH I A-7-6(36) 

0 0 100 CH I A-7-6(42) 

0 13 87 CH I A-7-6(44) 

0 2 98 CH I A-7-6(35) 

0 86 14 SM I A-2-4(0) 

0 0 100 CL I A-6(21) 

0 2 98 CL I A-7-6(25) 

0 11 89 CH I A-7-6(32) 

0 2 98 CH I A-7-6(36) 

0 3 97 CLI A-7-6(21) 

0 92 8 SP-SM I A-1-b(0) 

0 1 99 CL I A-7-6(21) 

RB&G ENGINEERING, INC. 
Provo, Utah 

H:\2006\100 _ LegacyPkwy General\139 _LegacyPkwy Brdg S39&40\LabTesting\LabSummary.0406.doc 
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90 

60 
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30 

Test 
No. 
or 

Symbol 

• 
• 
A 

/ 
V 

/ 
V 

/' 
../ 

/ 
V 

/ 
/ 

£. ?-
------V 

'/ ~ 

"" VI -............ 

~ 
\ 

.-/ '\ 

/ I 1\ \ "'" \ \ \ 
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 (inches/ 
(pet) (t.) (t.) 

(psi) (psi) (degrees) 
(c/psi) Cinches) minute) 

86.4 31.2 -100 20 58.6 

86.4 31.2 -100 40 129.5 31.4 0 2.88/1.38 0.001 

86.4 31.2 -100 60 190.5 
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No. Dry Moisture of Deviator Friction Size, Rate 

Saturation Pressure Stress Cohesion UD (inches/ or Density Content (psi) Angle. 
Symbol (pet) (X) (t.) (psi) (degrees) (c/psi> <inches) minute} 

• 86.4 31.2 -100 10.1 48.7 

• 86.4 31.2 -100 22.9 112.4 40.1 0 2.88/1.38 0.001 

... 86.4 31.2 -100 38.0 168.5 
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LP OVER MULTI-USE TRAIL & D&RGW RR 

E-2573 



Table 1 

SUMMARY OF TEST DATA 

PROJECT 
LOCATION 

Legacy Parkway 
Structure E-2573 (D&RG Trail Underpass) 

PROJECT NO. 200601-143 
FEATURE Foundations 

DEPTH STANDARD IN-PLACE ATTERBERG LIMITS MECHANICAL ANALYSIS UNIFIED 
UNCONFINED 

BELOW PENETRATION 
HOLE 

GROUND BLOWS DRY NO. 
SURFACE PER UNIT 

(ft) FOOT WEIGHT 
Ipel) 

RS8-X3-628 10-11.5 Shelby 105.8 

20-21.5 Shelby 86.8 

40-41.5 Shelby 101.9 

50-51.5 Shelby 113.1 

70-71 Shelby 89.0 

71-71.5 Shelby 

80-81.5 Shelby 

RS8-X3-629 0-1.5 17 

10-11 Shelby 97.8 

15-16 Shelby 102.7 

25-26.3 Shelby 91.6 

40-41.5 Shelby 85.1 

65-66.5 63 

75-76.5 Shelby 87.6 

NP=Nonplastlc 

RB&G ENGINEERING, INC. 
OenvRioTraiIUndpss\LabTesting\LabSummary.0306.doc 
Provo, Utah 

COMPRESSIVE 
STRENGTH LIQUID 

MOISTURE (psO LIMIT 
1%) 

1%) 

24.2 1602 38 

33.0 43 

23.6 2653 45 

29.0 55 

33.0 1244 44 

21.9 43 

28.9 33 

2.3 

25.0 2141 47 

25.0 4337 37 

33.2 1998 39 

31.5 1902 49 

14.5 

34.9 671 48 

SOIL 
CLASSIFICATION 

PLASTIC PLASTICITY 
PERCENT 

PERCENT SYSTEM I 
LIMIT INDEX 

PERCENT 
SILT (AASHTO 

GRAVEL SAND 
(%) (%) & CLAY Classification I 

18 20 0 7 93 CL I A-6(19) 

19 24 0 3 97 CL I A-7-6(25) 

22 23 0 7 93 CL I A-7-6(23) 

23 32 0 1 99 CH I A-7-6(36) 

20 24 0 31 69 CL I A-7-6(15) 

18 25 0 53 47 SC I A-7-6(7) 

18 15 0 4 96 CL I A-6(14) 

NP 66 29 5 GP-GM I A-1-a 

20 27 0 7 93 CL I A-7-6(27) 

20 17 0 2 98 CL I A-6(18) 

20 19 0 3 97 CL I A-6(20) 

21 28 0 1 99 CL I A-7-6(31) 

NP 4 78 18 SM I A-1-b 

20 28 0 1 99 CLI A-7-6(31) 

H:\2006\l 00_ LegacyPkwy General\ 143_ LegacyPky 
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Legacy Parkway Project 
Summary of Lateral Earth Pressure Recommendations 

Recommended Soil Parameters 

Total Unit 
Internal 

Fill Description Weight 
Friction Cohesion 

Comments 
Angle (pst) 

(pet) 
(degrees) 

Sandy Gravel 150 38 0 Recommend 150 pcf and 38 degrees for loads, and 125 pet 
Silty Sand 125 34 0 and 34 degrees for resistance: 
Pumice 85 38 0 Recommend 85 pcf for loads and 80 pet for resistance.* 

*Recommendatlons per Memo dated Apn118, 2006 

(1) Active Lateral Earth Force (yielding walls) In the equations listed herein: 

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 

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 

General Bridge Site Location 10% PE in 50 Years 2% PE in 50 Years 
From Mill Creek North 0.22g - 0.26g 0.60g - 0.63g 
South of Mill Creek 0.26g - 0.30g 0.65g - 0.73g 

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 - P A P A has triangular distribution (resultant at H/3 above base of wall) 

ilP AE acts at about 0.6H above base of wall (same direction as PA) 
(5) Seismic Lateral Earth Forces (continued from previous page) 

Total Passive Thrust 
2 

PPE = O.5KpEyH 

KPE = (see table below) 



Dynamic Component 

LlPPE = Pp - PPE Pp has triangular distribution (resultant at H/3 above base of wall) 

LlPPE acts at about O.6H above base of wall (opposite Pp) 

Dynamic Earth Pressure Coefficients (for minimal wall displacement*) 

Friction Peak Ground Acceleration 
Case 

Angle 0.25 0.30 0.63 0.73 

Active 38 0.35 0.38 0.65 0.77 
(KAE) 34 0.41 0.44 0.75 0.92 

Passive 38 3.77 3.68 3.01 2.76 
(KpE) 34 3.14 3.05 2.39 2.11 

* Assumes kh = 0.8PGHA. See memo dated April 18, 2006 

Dynamic Earth Pressure Coefficients (for wall displacement up to 10A inches**) 

Friction Peak Ground Acceleration 
Case 

Angle 0.25 0.30 0.63 

Active 38 0.31 0.32 0.44 
(KAE) 34 0.36 0.37 0.51 

Passive 38 3.94 3.89 3.51 
(KpE) 34 3.29 3.24 2.89 

** Assumes kh = 0.5PGHA. See memo dated Apnl 18, 2006 

(6) Seismic Lateral Earth Pressures (non-yielding walls) 
Equations by Wood (1973), referenced in Kramer (1996) 
Dynamic Thrust 

LlPeq = ahyH2 

ah= Peak Ground Acceleration Coefficient (PGAlg) 

Dynamic Overturning Moment 

LlMeq = O.53ahyH
3 

Point of Application of Dynamic Thrust 

~= ~Mei~Peq 
= O.53H 

References 

0.73 

0.49 

0.56 

3.38 

2.77 

Kramer, S. (1996). "Geotechnical earthquake engineering," Prentice Hall, Upper Saddle River, NJ. 
Mononobe, N. and Matsuo, H. (1929). "On the determination of earth pressures during earthquakes," 

Proceedings, World Engineering Congress, 9 p. 
Okabe, S. (1926). "General theory of earth pressures," Journal of the Japan Society of Civil Engineering, 

Vol. 12, No.1. 
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RB&G Engineering, Inc. 

Memo 
To: 
From: 

Sohail T. Khan, P.E; Larry Reasch, P.E. 

Brad Price / 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 FiII- 150 pcf for load calculations, 125 pcf for resistance calculations 

• Lightweight Fill (Pumice) - 85 pcf for load calculations, 80 pcf for resistance calculations 

It has been noted that the unit weight of regular-weight fill varies widely depending upon the 
source. However, it is our understanding that it is not desirable to limit the potential regular­
weight borrow sources by specifying a permissible 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 AASHTO LRFD A 11.1.1.1 and do 
not include inertia forces. Page 11-85 of the AASHTO LRFD states that it is not conservative 
to neglect inertia forces of the abutment mass. We believe it is appropriate to add seismic 
inertia forces of the heel backfill and concrete abutments. 

3) The dynamic earth pressure coefficients provided previously, KAE and KpE, are for total active 
and passive thrust, respectively, and include both static and dynamic components. The 
dynamic components are llKAE and llKpE 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 A 11.1.1.2 states that a kh value equal to Y:! 
the PHGA is adequate for most design purposes, provided that allowance is made for an 
outward displacement of the abutment of up to 10A inches (see page 11-88), where A is the 
maximum acceleration coefficient (PHGA). Mononobe-Okabe coefficients for the 50% 
reduction are summarized below, and may be used if allowance is made for the 
corresponding displacement. 

Friction Peak Ground Acceleration Coefficient 
Case Angle 0.25 0.30 0.63 0.73 

Active 38 0.31 0.32 0.44 0.49 
(KAE) 34 0.36 0.37 0.51 0.56 

Passive 38 3.94 3.89 3.51 3.38 
(KpE) 34 3.29 3.24 2.89 2.77 

If displacement must be minimized, we recommend that the factors shown in the initial memo 
(04/17/06) be used. 

It should be noted that the Mononobe-Okabe factors provided to date neglect vertical 
acceleration. Seed and Whitman (1970) concluded that vertical accelerations can be ignored 
when the Mononobe-Okabe analysis is used to estimate PAE for typical wall design (see 
Kramer, 1996). It is estimated that positive vertical accelerations, if considered, may increase 
the Seismic Active Thrust coefficient (KAE) by as much as 30%. If desired, the coefficients on 
the table above can be refined to consider vertical acceleration once Peak Vertical Ground 
Accelerations have been determined (see Response No.7 below). 

5) We can evaluate the potential pile capacities at different depths and provide results along 
with uplift. It is assumed that the request of estimated pile tip elevations for compression 
resistance of 70, 100, and 120 tons applies only to the Pedestrian Bridge over Legacy 
Parkway (P-21). At any bridge we can evaluate the potential for providing a specific 
resistance per pile if we are provided with the desired resistance values (see also Response 
No.6 below). The given extreme event capacities assume a resistance factor of 1.0, and are 
reduced for potential liquefaction. 

6) It is possible to consider pile diameters larger than 16", although driven piles with 
diameterslwidths greater than 16" are somewhat rare locally and local pile driving capabilities 
may be limited. Also, it is our understanding that a consistent pile section is preferred for the 
project to limit potential errors and confusion (primarily during construction). Is increased axial 
resistance the only reason for considering larger diameter piles? We would like to know the 
specific purpose for considering other diameters (such as target resistance values), as it 
would be inefficient to estimate capacities for an unlimited range of diameters, toe elevations, 
etc. 

7) Kleinfelder is working on site-specific response spectra for 1250 West and State Street. It is 
our understanding that this data will be used to develop general response spectra (including 
vertical accelerations) for use at all bridge sites. 

8) It was agreed at a previous meeting that the structural firms would perform the LPILE 
analysis using soil parameters provided by the geotechnical engineer. We recommend that p-
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multipliers be used as input in LPILE or GROUP to account for group effects. As noted on the 
LPILE parameters sheet included with the initial recommendations for each structure, p­
multipliers for laterally-loaded pile groups are outlined in MSHTO 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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