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Introduction 
 

Presented herein are the results of the Black Eagle Consulting, Inc. (BEC) geotechnical 
baseline investigation and laboratory testing, to aid in the bridge-type selection study 
and feasibility analysis of the planned Virginia Street Bridge (VSB) replacement in 
Reno, Nevada. The recommendations presented are based on surface and subsurface 
conditions encountered in our explorations, and on details of the proposed project as 
described in this report. The objectives of this study were to: 

1. Determine general soil and ground water conditions present at the proposed 

VSB site. 

2. Provide preliminary geotechnical design recommendations to aid in conceptual 
design and bridge-type selection for the VSB. 

3. Provide a brief discussion of potentially significant construction issues based on 

materials and conditions encountered during site exploration. 

The area covered by this report is shown on Plate 1 (Plot Plan). Our investigation 
included field exploration, laboratory testing, and engineering analysis to determine the 
physical and mechanical properties of the various on-site materials. Results of our field 
exploration and testing programs are included in this report and form the basis for all 
conclusions and recommendations. 

The services described above were conducted in accordance with the Jacobs 
Subconsulting Agreement No. W4-X536-00-S11-0008, that was signed by Patrick 
Pilling of BEC on February 7, 2011. 
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Project Description 
The proposed VSB site is located where Virginia Street crosses the Truckee River in 
downtown Reno, Nevada. The existing bridge is entirely contained in the southeast 
quarter of Section 11, Township 19 North, Range 19 East, M.D.M. The site is bordered 
to the north by 1st Street; to the south by Mill Street; and to the east and west by the 
Truckee River. The site presently hosts the existing VSB. Access to the site is obtained 
by Virginia Street. 

The bridge is expected to consist of a single-span structure founded on either 
conventional shallow spread abutment footings or deep foundations at the abutments. 
Associated abutment retaining walls are anticipated. Finally, existing pavement 
approaches to the VSB will be reconstructed between 1st Street and Mill Street. Finish 
grade elevations must remain at or near existing grades in the area. Virginia Street is 
located within Nevada Department of Transportation (NDOT) right-of-way.  

 

 

 

 

 

 

 

 

 

 

 

Existing VSB Layout 
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Site Conditions 
The VSB replacement site is located in the first block of 
South Virginia Street at the Truckee River in downtown 
Reno, Nevada. Virginia Street is a major traffic arterial that 
runs the length of Reno from north to south. The existing 
bridge was built in 1905 and is a reinforced Portland 
cement concrete, dual-arch bridge spanning the Truckee 
River. Originally known as Lakes Crossing Bridge, the bridge 
was added to the National Register of Historic Places by 
the United States Park Service in 1980.  

The bridge deck lies at approximately 4,510 feet above 
mean sea level (msl) elevation and spans the west to east-
flowing Truckee River which, in 2010, carried flows ranging 
from 247 cubic feet per second (cfs) to 2,270 cfs (United 
States Geological Survey [USGS], 2011). Numerous buried 
utilities are present along the river banks and crossing South Virginia Street near the 
bridge abutments. Some utilities cross the river attached to the exterior of the bridge. 
Electrical cable, which serves the bridge lighting system, is present beneath the 
sidewalks on both sides. A City of Reno ground water monitoring well is present just 
beyond the south end of the bridge, in the existing crosswalk.  

 

   Virginia Street Bridge
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Exploration 
Prior to site exploration, BEC personnel met with city of Reno 
and Jacobs staff to coordinate exploration activities, locations 
and dates. Underground Service Alert (USA) was contacted 
to identify and mark existing utilities within the public right-of-
way. Once identified, multiple exploration locations were 
marked in the field by BEC personnel. Subsequently, each 
exploration location was examined by a private utility locator, 
Comstock Inspection LLC, for possible utility conflicts.  

During exploration, traffic control was provided by Nevada 
Barricade of Reno, Nevada, and on-site material containment 
as well as drilling fluid and cuttings removal was supplied by 
H2O Environmental of Reno, Nevada. 

Drilling 
The VSB site was explored on March 16 and 17, 2011 by drilling 2 test borings 
performed by Cascade Drilling of Rancho Cordova, California. Prior to drilling, 
Diversified Concrete Cutting Inc. cored a 12-inch-diameter access through the existing 
pavement. The borings were then advanced using a combination of Overburden 
Drilling with Excentric Bit (ODEX) casing and reverse-circulation air with sonic casing 
advance technologies using a shop-built sonic drill rig. The drill casing was 7 inches in 
diameter and the button bit was 5-7/8 inches in diameter. The maximum depth of 
exploration was approximately 100 feet below the existing grade of Virginia Street; 
ground water levels were recorded when encountered. The locations of the test 
borings are shown on Plate 1.  

The native soils were sampled in-place every 5 to 10 feet by use of a standard, 2-inch 
outside-diameter (O.D.), split-spoon sampler driven by a 140-pound automatic drive 
hammer with a 30-inch stroke. The number of blows to drive the sampler the final 12 
inches of an 18-inch penetration (Standard Penetration Test [SPT] - American Society 
for Testing and Materials [ASTM] D 1586) into undisturbed soil is an indication of the 
density and consistency of the material.  

  VSB North Abutment Exploration Drilling 
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Due to the relatively small diameter of the sampler, the maximum particle size that 
could be obtained was approximately 1 inch. The final logs may not, therefore, 
adequately represent the actual quantity of cobbles or boulders. 

All materials encountered during drilling were placed within on-site 25 cubic yard roll-
off storage units to ensure that any potentially contaminated soil or water were fully 
contained at site. 

Upon completion, all borings were pressure grouted with cement and water grout up 
to the existing grade of Virginia Street in accordance with State of Nevada, Department 
of Water Resources (DWR) requirements. The core holes in Virginia Street were 
backfilled to existing street grade with quick-set cement and water grout.  

Pavement Coring 
Virginia Street was cored near the bridge on March 16 and 17, 2011. The purpose of 
coring was to determine the thickness of the existing pavement and underlying 
aggregate base sections, and to obtain representative samples of the aggregate base 
and underlying subgrade materials. Diversified Concrete Cutting Inc. cored the existing 
road surface with a 12-inch-diameter core barrel at 4 locations. Core holes were 
placed to provide an accurate representation of the thickness of asphalt and aggregate 
base along the length of South Virginia Street between 1st Street and Mill Street. The 
aggregate base section and the underlying subgrade soils were augered and excavated 
by hand for sampling. The depth of exploration ranged from 2 to 3 feet, depending on 
the number of cobbles encountered. The core holes were backfilled, compacted, and 
subsequently capped with 3 to 4 inches of quick-set concrete. All locations were 
identified in the field by approximate means and are shown on Plate 1.  

Asphalt cores, aggregate base samples, and representative samples of the subgrade 
soils were collected from each of the exploration sites, placed in sealed plastic bags 
and returned to our Reno, Nevada office for potential testing.  
 

Material Classification 
A geotechnical engineering technician and/or geologist examined and identified all 
soils in the field in accordance with ASTM D 2488. During drilling/coring, 
representative bulk samples were placed in buckets and sealed plastic bags and 
returned to our Reno, Nevada, laboratory for testing. Additional soil classification was 
subsequently performed in accordance with ASTM 2487 (Unified Soil Classification 
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System [USCS]) upon completion of laboratory testing as described in the Laboratory 
Testing section. Logs of borings and pavement cores are presented as Plate 2 (Boring 
Logs). A USCS chart has been included as Plate 3 (Graphic Soils Classification Chart).  

Geophysical Survey 
Exploration of the site also included performing a Refraction Microtremor (ReMi) 
survey. This geophysical survey measures the average shear-wave velocity within the 
upper 100 feet of subsurface materials in order to accurately identify the appropriate 
soil profile for use in structure design. The work was performed by BEC personnel on 
March 23, 2011 at a location near the bridge, as shown on Plate 1. A summary report 
has been included in Appendix A (Geophysical Survey). 
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Laboratory Testing 

All soils testing performed in the BEC soils laboratory is 
conducted in accordance with the standards and 
methodologies described in Volume 4.08 of the ASTM 
Standards. 

Index Tests 
Samples of significant soil types were analyzed to 
determine their in situ moisture content (ASTM D 
2216), grain size distribution (ASTM D 422), and 
plasticity index (ASTM D 4318). The results of these 
tests are shown on Plate 4 (Index Test Results). Test 
results were used to classify the soils according to ASTM 
D 2487 and to verify field logs, which were then updated as appropriate. Classification 
in this manner provides an indication of the soil's mechanical properties and can be 
correlated with standard penetration testing and published charts (Bowles, 1996; 
Naval Facilities Engineering Command [NAVFAC], 1986a and b) to evaluate bearing 
capacity, lateral earth pressures, and settlement potential. 

R-Value Tests 
Resistance value (R-value) tests (ASTM D 2844) were 
performed on representative samples of subgrade soil 
present beneath the existing pavement structural section 
in Virginia Street. R-value testing is a measure of 
subgrade strength and expansion potential and is used in 
design of flexible pavements. Results of the R-value tests 
are shown on Plate 5 (R-Value Test Results). 

Direct Shear Tests 
Direct shear tests (ASTM D 3080) were performed on 
representative samples of subgrade material. The tests 
were run on remolded, inundated samples under various normal loads in order to 
develop a Mohr's strength envelope. Remolded samples were first screened to 

 Grain Size Analysis 

      Direct Shear Test
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remove particles larger than the Number 4 sieve prior to testing. Results of these tests 
are shown on Plate 6 (Direct Shear Test Results) and were used in calculation of 
bearing capacities, friction factors, and lateral earth pressures. 

Chemical Tests 
Chemical testing was performed on representative samples of subsurface soils to 
evaluate the site materials’ potential to corrode steel and Portland cement concrete in 
contact with the ground. The samples were tested for pH, resistivity, redox potential, 
soluble sulfates, sulfides, and chlorides. The results of the chemical tests are contained 
in Appendix B (Chemical Test Results). Chemical testing was performed by Sierra 
Environmental Monitoring Laboratory (SEM) of Reno, Nevada. 

Environmental Tests 
Because free-floating petroleum product was encountered on the ground water 
surface in borehole B-02, drill cuttings and water from both boreholes were combined 
and removed from the site by the certified hazardous materials transport company 
H2O Environmental. The solid and liquid drilling wastes were stored at the H2O 
Environmental storage facility pending results of chemical profiling to determine the 
acceptable disposal methods(s). Laboratory analysis included purgeable and 
extractable Total Petroleum Hydrocarbons (TPH), Environmental Protection Agency 
(EPA) method 5230/8260 for volatile organic compounds, and required RCRA 
metals. Results of drilling waste profiling are included in Appendix C (Environmental 
Test Results). 

.
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Geologic and General  
Soil Conditions 
The site lies on the broad flood plain of the Truckee River in 
an area mapped by the Nevada Bureau of Mines and 
Geology (Bonham and Bingler, 1973) as Quaternary Age 
Tahoe outwash. Sedimentation in the Truckee Meadows has 
been in progress at varying rates since the formation of the 
block-faulted basin. Most of the sediments, including the 
coarse grain, gravelly sands that underlie the majority of the 
Truckee Meadows, were deposited quite abruptly in the post-
glacial period during torrential flooding. With the advent of a 
warmer, drier climate, the volume and size distribution of 
sediment transported was greatly reduced, and the 
sedimentation process became largely limited to the 
reworking of earlier deposits. 

Site exploration at the bridge abutments revealed the subsurface is primarily 
composed of coarse granular soils to the depths explored (101.5 feet below existing 
grade). The materials were classified as slightly moist to wet, dense to very dense, and 
as containing 9 to 26 percent non-plastic to medium plasticity fines. The plasticity of 
the fines fraction generally increased with depth.  

During exploration, the presence of abundant cobbles and boulders was indicated by 
drilling character. Drilling and sampling methods, however, did not allow for an 
estimation of the actual quantity and size of the cobbles and boulders present. 
Abundant cobbles and large boulders are known to be present in the downtown Reno 
area. 

Cuttings collected from the 10-foot depth were wet and samples collected from 15 
feet below surface contained free water indicating the ground water surface at the 
time of exploration was somewhere in the 10 to 15-foot range below surface. Water 
produced from borehole B-02 at the 15-foot depth contained an unidentified free-
floating petroleum product. 

Exploration in Virginia Street revealed the existing pavement structural section consists 
of asphalt concrete pavement underlain by aggregate base. The measured thickness 

      Geologic Map 
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of the existing asphalt concrete pavement and associated aggregate base is 
summarized in Table 1 (Existing Virginia Street Pavement Structural Sections). 

 

The underlying subgrade materials typically consist of poorly graded gravel with clay 
and sand. This material was classified as slightly moist, dense, and as containing 5 to 
11 percent non-plastic to low plasticity fines. 

 

TABLE 1 – EXISTING VIRGINIA STREET PAVEMENT STRUCTURAL SECTIONS 

Core Hole 
(CH) No. 

Location 
Existing Asphalt 

Thickness (inches)
Existing Aggregate Base 

Thickness (inches) 
Subgrade 

Description1 

CH-01 
Center of Southbound Lane 

Near Mill Street 
11 13 GP-GM 

CH-02 
Center of Southbound Lane 

Near North Bridge Abutment 
11 13 SP-SM 

CH-03 
Center of Southbound Lane 

Near South Bridge Abutment 
12 12 GP-GC 

CH-04 
Center of Southbound Lane 

Near Mill Street 
9 15 GP-GC 

1 USCS Descriptions – see Plate 3. 
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Geologic Hazards 
Seismicity 
Much of the Western United States is a region of moderate to intense seismicity 
related to movement of crustal masses (plate tectonics). By far, the most active 
regions, outside of Alaska, are in the vicinity of the San Andreas Fault system of 
western California. Other seismically active areas include the Wasatch Front in Salt 
Lake City, Utah, which forms the eastern boundary of the Basin and Range 
physiographic province, and the eastern front of the Sierra Nevada Mountains, which is 
the western margin of the province. The Reno-Sparks area lies along the eastern base 
of the Sierra Nevada, within the western extreme of the Basin and Range. 

The Truckee Meadows lies within an area with a high potential for strong earthquake 
shaking. Seismicity within the Reno-Sparks area is considered about average for the 
western Basin and Range Province (Ryall and Douglas, 1976). It is generally accepted 
that a maximum credible earthquake in this area would be in the range of magnitude 
7 to 7.5 along the frontal fault system of the Eastern Sierra Nevada. The most active 
segment of this fault system in the Reno area is part of the 
Mount Rose Fault System located at the base of the mountains 
near Thomas Creek, Whites Creek, and Mount Rose Highway, 
some 10 miles south of the project. 

Faults 
The nearest faults to the project site are part of the Mount Rose 
Fault System. The Mount Rose Fault System is a collection of 
north and northwest-striking subparallel normal faults which, in 
the Reno area, define the eastern slope of the Sierra Nevada 
Mountain Range (Sawyer, 1999). The published earthquake 
hazards map (Bingler, 1974) shows Late Pleistocene traces of 
the Mount Rose Fault Zone extending to within 1,500 feet 
southeast of the bridge, but no Holocene movement has been 
documented within 10 miles of the project site. 

The Nevada Earthquake Safety Council (NESC, 1998) has developed and adopted the 
criteria for evaluation of Quaternary age earthquake faults. Holocene Active Faults are 

defined as those with evidence of movement within the past 10,000 years (Holocene 

  Geologic Hazards Map
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time). Those faults with evidence of displacement during the last 130,000 years are 
termed Late Quaternary Active Faults. A Quaternary Active Fault is one that has 

moved within the last 1.6 million years. An Inactive Fault is a fault without recognized 
activity within Quaternary time (last 1.6 million years). Holocene Active Faults 

normally require that occupied structures be set back a minimum of 50 feet (100-
foot-wide zone) from the ground surface fault trace. An Occupied Structure is 

considered …. a building, as defined by the International Building Code, which is 

expected to have a human occupancy rate of more than 2,000 hours per year.  

The set back from Quaternary Active Faults is left to the judgment of the 
geologist/engineer; however, no Critical Facility is permitted to be placed over the 

trace of a Late Quaternary Active Fault. A Critical Facility is defined as a building or 
structure that is considered critical to the function of the community or the project 

under consideration. Examples include, but are not limited to, hospitals, fire stations, 
emergency management operations centers and schools. 

Based on the geologic map, the faults in the vicinity of the project are Quaternary 
Active. Since no faults are mapped as crossing through the subject site or were 
identified during site exploration, no additional fault hazard investigation or structure 
off set from faulting is necessary. 

Ground Motion and Liquefaction 
Mapping by the USGS (2007) indicates that there is a 2 percent probability that a 
bedrock ground acceleration of 0.65g will be exceeded in any 50-year interval. Only 

localized amplification of ground motion would be expected during an earthquake.  

Because the site area is underlain by dense granular soils, liquefaction potential is 
minimal.  

Flood Plains 
The Federal Emergency Management Agency (FEMA) has identified the site as lying in 
Zone AE with a 100-year base flood elevation of 4,495 feet (FEMA, 2009). The river 
has been at or above flood stage numerous times over its history. One of the reasons   
the bridge is being replaced is to reduce restriction during flood stage and to avoid the 
potential for the existing bridge to trap debris.  
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Other Geologic Hazards 
A low potential for dust generation is present if grading is performed in dry weather. 
Free-floating petroleum product was documented at depth at the site. No other 
geologic hazards were identified. 
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Discussion and 
Recommendations 
General Information 
At this time, bridge-type selection and regulatory jurisdiction with respect to 
construction specifications has yet to be completed/determined such that final 
geotechnical design and construction recommendations are not possible. In order to 
aid in bridge-type selection and construction cost estimating, preliminary geotechnical 
design recommendations are presented to allow for conceptual structural design of 
the VSB and its associated approach improvements. In addition, potential construction 
issues and associated impacts to the project are briefly discussed.  

The recommendations provided herein, and particularly under Preliminary 
Geotechnical Design Recommendations and Preliminary Construction 
Considerations, are intended to minimize risks of structural distress related to 
consolidation or expansion of native soils and/or structural fills. These preliminary 
recommendations, along with proper final design and construction of the structure 
and associated improvements, work together as a system to improve overall 
performance. If any aspect of this system is ignored or poorly implemented, the 
performance of the project will suffer. Sufficient quality control should be performed 
during construction to verify that the recommendations presented in this report are 
followed. 

Design of the VSB structure will follow Load Resistance Factor Design (LRFD) design 
methodologies (American Association of State Highway and Transportation Officials 
[AASHTO], 2007), as adopted by NDOT. All other improvements, including roadway 
improvements to Virginia Street and underground utilities, will follow City of Reno 
design standards. 

Structural areas referred to in this report include all areas of buildings, concrete slabs, 
asphalt pavements, as well as pads for any minor structures. All compaction 
requirements presented in this report are relative to ASTM D 1557. For the purposes 
of this project: 



 Discussion and Recommendations 

                                                                     1345 Capital Boulevard, Suite A Tel: 775/359-6600 Fax: 775/359-7766    15 

                                                                     Reno, Nevada 89502-7140                   Email: mail@blackeagleconsulting.com 

8
 Fine-grained soils are defined as those with more than 40 percent by 

weight passing the number 200 sieve, and a plastic index lower than 
15. 

 Clay soils are defined as those with more than 30 percent passing the 
number 200 sieve, and a plastic index greater than 15. 

 Granular soils are those not defined by the above criteria. 

 
Free-floating petroleum contamination is present at or near the ground water elevation 
at the site, in particular at the south abutment. When this material is encountered, 
either during dewatering or excavation activities, it will require on-site containment, 
and off-site treatment disposal. In addition, any personnel that will be handling such 
material will require State of Nevada, Department of Industrial Relations, Division of 
Occupational Safety and Health (OSHA)-40 certification. 

Preliminary Geotechnical Design 
Recommendations 
Seismic Design Parameters 

The AASHTO design manual (AASHTO, 2007) shows the horizontal bedrock 
acceleration to be approximately 0.38g to 0.39g with a 10 percent probability of 
exceedance in 50 years. Per NDOT Materials Division policy, all bridges and other 
structures in this area should be designed for a horizontal bedrock acceleration of 
0.40g. Therefore, an acceleration coefficient, A, of 0.40 is appropriate for use in design 
of the VSB. In addition, the VSB site is located in a Seismic Zone 4. Finally, a Site 
Coefficient, S, of 1.2, which corresponds to a Soil Profile Type II, is appropriate for use 
in design of the VSB. This value is supported by the results of the ReMi survey, which 
indicate the materials to a depth of 100 feet exhibit a weighted average shear-wave 
velocity of 1,532 feet per second. 

Foundation Design Parameters 

The materials present at both abutments of the existing VSB consist of dense to very 
dense granular river deposits that are considered excellent foundation materials. 
Depending on final loading conditions, conventional shallow foundations or deep 
foundations may be appropriate to support the proposed VSB. Therefore, preliminary 
geotechnical design parameters for both foundation systems are provided below. 
Because materials present contain a significant amount of large boulders, deep 
foundations would most likely require drilled shafts as opposed to driven piles. Drilled 
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shafts should be sized taking into account the fact that there are abundant large 
boulders present in the subsurface materials. 

Conventional Shallow Foundations 

Design of conventional shallow foundations using LRFD criteria (AASHTO, 2007) 
considers service limit states, strength limit states, and extreme events limit states. 
Service limit state analysis considers settlement, horizontal movement and overall 
stability of the foundation, as well as scour at the design flood. Strength limit state 
analysis considers structural resistance, nominal bearing resistance, overturning or 
excessive loss of contact, sliding at the base of the footing, and loss of lateral and 
vertical support due to scour at the design flood event. Extreme event analysis 
considers scour, vessel and vehicle collision and seismic loading. Foundation design 
parameters for each state described above are developed using resistance factors, 
which are specified by AASTHO for different bearing material types. Since conventional 
shallow foundation design is often controlled by settlement, spread footings are 
typically proportioned at the service limit state and checked for adequate design at the 
strength and extreme limit states. 

Settlement of footings on cohesionless soils can be estimated using conventional 
methods (AASHTO, 2007). The Schmertman Method (NAVFAC, 1986a) was used to 
estimate the bearing resistance values for various footing widths to limit the 
settlement 1 inch or less in the service limit state analysis. Differential movement 
between footings with similar loads, dimensions, and base elevations should not 
exceed two-thirds of the values provided for total movements. Much of the anticipated 
movement will occur during the construction period as loads are applied. 

The factored bearing resistance of footings at the strength limit state is determined by 
applying a resistance factor to the nominal bearing resistance, which is determined 
using conventional methods (AASHTO, 2007). In our strength limit state analysis, the 
nominal bearing resistance values for various footing widths were estimated using the 
conventional bearing capacity equation, but utilizing reduced bearing capacity factors 
assuming the VSB footings will be founded on or near a sloping ground. 

Preliminary shallow foundation design parameters for various footing widths are 
presented in Plate 7 (Shallow Foundation Design Parameters). Since only preliminary 
structural design will be performed during this phase of the project, extreme limit 
design parameters have not been developed. The overall stability of the VSB footings 
will also be analyzed once the footing size and orientations are finalized. 
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Deep Foundations 

Geotechnical design criteria for deep foundations, in particular drilled shafts, 
incorporates the same service limit, strength limit and extreme events limits states as 
shallow foundations. Service limit state settlement and deflection criteria are 
determined in accordance with conventional methods (AASHTO, 2007). The axial 
settlement design criteria for drilled shaft foundations was determined using the 
standard load-deflection curves for cohesionless soils (O’Neil and Reese, 1999).  

The design of drilled shaft foundations at the strength limit state also considers axial 
compression, uplift resistance, lateral resistance, down drag and punching for single 
shafts and groups. Drilled shaft resistance factors are used in conjunction with the 
nominal resistance estimated using conventional evaluation methods. The nominal 
axial compressive and uplift resistance of drilled shaft foundations was estimated using 
the procedures recommended by O’Neil and Reese (1999) for cohesionless gravels 
and sands. 

Preliminary drilled shaft design parameters for various shaft diameters and depths are 
presented in Plate 8 (Drilled Shaft Design Parameters). Since only preliminary 
structural design will be performed during this phase of the project, service limit state 
lateral deflection and extreme limit design parameters have not been developed. 

Retaining Wall Design Parameters 

Design of conventional cantilever retaining walls using LRFD criteria (AASHTO, 2007) 
considers service limit states, strength limit states, and extreme events limit states. 
Service limit state analysis considers vertical and lateral displacement, as well as 
overall stability. Strength limit state analysis considers bearing resistance failure, lateral 
sliding, excessive loss of base contact, and structural failure. Extreme event analysis 
considers scour, vessel and vehicle collision and seismic loading. The structural 
engineer also evaluates the wall for overturning and scour conditions. 

Bearing resistance and sliding at the strength limit state and vertical wall movement 
(settlement) of retaining wall footings are evaluated using the same methods for 
conventional shallow foundations. Therefore, shallow foundation design parameters 
provided in Plate 8 can also be used for preliminary sizing of retaining wall footings.  

Lateral wall movement at the service limit state is evaluated using active, passive and 
at-rest lateral earth pressures developed using conventional methods (AASHTO, 
2007), while overall stability is analyzed using limit-equilibrium methods of analysis. 
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Pseudo-static methods for seismic analysis can incorporate the Mononobe and Okabe 
(Federal Highway Administration [FHA], 1998) approach. Active and passive lateral 
earth pressure values for static loading conditions were estimated using the Coulomb 
equation and charts published by NAVFAC (1986a), respectively. Active lateral earth 
pressure values for seismic analysis were estimated using the Mononobe and Okabe 
equation and a horizontal acceleration coefficient equal to one-half the acceleration 
coefficient for the site.  

Preliminary lateral earth pressure values for static and pseudo-static conditions are 
presented in Table 2 (Lateral Earth Pressure Values [Equivalent Fluid Density]). The 
passive lateral earth pressure values from Table 2 are factored and were developed by 
applying a reduction factor for the estimated nominal lateral earth pressure values 
(AASHTO, 2007). Appropriate load factors shall be applied to the active and at-rest 
lateral earth pressure values for various limit state design cases. 

TABLE 2 - LATERAL EARTH PRESSURE VALUES (EQUIVALENT FLUID DENSITY), pcf 

Static Dynamic 
Retained Slope 

Active* Passive** Active* Passive** 

Level 23 650 38 650 

*For walls that are free to yield at least 0.2 percent of the wall height. 
**Factored passive earth pressure values developed by applying a reduction factor of 0.5 to the nominal passive lateral earth pressure 
values. 

 

Restrained walls should be designed to resist an at-rest equivalent fluid density of 42 
pounds per cubic foot (pcf). 

Lateral loads will be resisted by friction along the base of retaining wall footings and by 
passive resistance against buried foundation walls. Foundation wall footings cast 
directly on native gravels, or on properly compacted structural fill, may be designed 
using a factored coefficient of base friction of 0.48. The factored coefficient of base 
friction was developed by applying a reduction factor of 0.8 to the nominal coefficient 
of base friction where wall footings will be underlain by native gravels or compacted 
structural fill. 
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Retaining Wall Drainage Design 

Retaining wall drainage can be accomplished by installing granular backfill and a weep 
hole drain system at the bottom of the wall. The drain rock section should be a 
minimum of 18 inches wide and extend to within 12 inches of finish grade. A 
drainage filter geotextile such as Mirafi® 140NS or approved equivalent should be 

placed between the drain rock backfill and the native soils to prevent migrations of 
fines into the drain rock. Such a drainage geotextile should satisfy the specifications 
provided in Table 3 (Drainage Geotextile Material Requirements) 

TABLE 3 - DRAINAGE GEOTEXTILE MATERIAL REQUIREMENTS 

Grab Tensile (ASTM D 4632) 90 lbs. 

Puncture Strength (ASTM D 4833) 50 lbs. 

Burst Strength (ASTM D 3786) 150 psi. 

or if native soils have sharp, angular rocks:  

Grab Tensile (ASTM D 4632) 130 lbs. 

Puncture Strength (ASTM D 4833) 75 lbs. 

Burst Strength (ASTM D 3786) 250 psi. 

 

Metal Pipe Design Parameters 

Laboratory testing was performed to evaluate the corrosion potential of the soils with 
respect to metal pipe in contact with the ground. The results of the testing indicate 
that the site foundation soils are not corrosive to ductile-iron pipe in contact with the 
ground (American Water Works Association, 1999). As a result, corrosion protection of 
metal pipe in contact with the ground is not considered necessary. 

Portland Cement Concrete Mix Design Parameters 

Soluble sulfate content has been determined for representative samples of the site 
foundation soils, and the results of the testing indicate that concrete in contact with 
the site foundation soils should experience negligible to minimal degradation due to 
reaction with soil sulfate. Therefore, Type II cement can be used for all concrete work. 
Concrete placed for dedicated flatwork on this project should exhibit a minimum 28-
day compressive strength of 4,000 pounds per square inch (psi) and exhibit a 
maximum water to cement ratio of 0.50. 
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Asphalt Concrete Flexible Pavement Design 

R-value testing (ASTM 2844) was conducted on 3 samples of native subgrade soils 
collected from the core holes. R-value results are summarized below in Table 4 
(Conversion of R-Value to Resilient Modulus). The conversion to resilient modulus was 
taken from Figure 6.2 of the NDOT Pavement Structural Section Design and Policy 
Manual for flexible pavement (NDOT, 1997). For design purposes, we have used a 
subgrade R-value of 44. 

TABLE 4 - CONVERSION OF R-VALUE TO RESILIENT MODULUS 

Core Hole 
(CH) No. 

Depth 
(ft) 

R-Value Conversion Factor 
Resilient Modulus 

(Mr) (psi) 

CH-01 1.0 44 NDOT 10,760 

CH-02 1.0 65 NDOT 21,490 

CH-03 1.0 68 NDOT 23,720 

 

Calculation of Equivalent 18-Kip Single-Axle Load 

Traffic counts, including a breakdown of truck distribution, were not available for this 
segment of Virginia Street. Traffic projections were provided by Jacobs for years 2008 
and 2030 (Appendix D [Traffic Data and Equivalent 18-kip Single-Axle Load [ESAL] 
Calculations]). The traffic projections show growth from 14,050 vehicles per day (vpd) 
in 2008 to 17,390 vpd in 2030. We applied that growth rate (1.02 percent) to the 
2008 values to calculate a 2012 initial daily traffic of 14,633 vpd. We then used the 
typical truck percentages and factors from the NDOT 2009 Annual Traffic Report 
(NDOT, 2009) for a principal urban arterial, to calculate the truck distribution, based 
on a total of 14,633 vpd. The NDOT truck traffic distribution is summarized in Table 5 
(Virginia Street-NDOT Typical Traffic for Major Arterial) and included in Appendix D. 
Trucks account for 6.71 percent of the total daily traffic, based on the NDOT data. 
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TABLE 5 - VIRGINIA STREET-NDOT TYPICAL TRUCK TRAFFIC FOR MAJOR ARTERIAL 

 Buses 
2-Axle 
Single 
Unit 

3-Axle 
Single 
Unit 

4-Axle 
Single 
Unit* 

4-Axle 
Single 

Trailer* 

5-Axle 
Single 
Trailer 

6-Axle 
Single 
Trailer 

5-Axle 
Multiple 
Trailer 

6-Axle 
Multiple 
Trailer 

7-Axle 
Multiple 
Trailer 

Vehicle 

Percent** 
0.65 1.70 0.58 0.80 - 2.15 0.13 0.25 0.11 0.34 

NDOT Truck 

Factor for 

Major 

Arterial** 

1.012 0.269 0.906 1.088 1.088 1.223 1.313 2.253 0.952 1.920 

*2009 NDOT data does not separate 4-axle trucks. 

**Automobiles, motorcycles, and pick-up trucks account for 93.3 percent of the total traffic. 
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The design 20-year ESAL (ESAL20) is shown below; the calculations are included in 
Appendix D.  

TABLE 6 - CALCULATED DESIGN 20-YEAR ESAL 

Street ESAL20 

Virginia Street (both directions) 7.3 x 106 

 

Pavement Design 

The AASHTO design method (AASHTO, 1993), which is used by NDOT, was 
employed in pavement design for a standard 20-year life. The following pavement 
design values were used in the procedure, in accordance with the NDOT Pavement 
Design Manual (NDOT, 1997).  

TABLE 7 - NDOT FLEXIBLE PAVEMENT DESIGN VALUES 

Factor Value 

Reliability (R) 90% 

Overall Standard Deviation (So) 0.45 

Initial Serviceability 4.2 

Terminal Serviceability 2.5 

Pavement Coefficients: 

Plant Mix Surface 0.35 

Cement-Treated Base 0.20 

Aggregate Base 0.10 

 

Two recommended flexible pavement alternates are summarized in Table 8 
(Pavement Replacement Alternates for Virginia Street).  Calculations are included in 
Appendix D. 
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TABLE 8 - PAVEMENT REPLACEMENT ALTERNATES FOR VIRGINIA STREET 

Alternate 
Asphalt 

Concrete 

Type 2 

Aggregate 
Base 

Description 

1 11.5 0 Full-Depth Asphalt Concrete 

2 8.0 13* 
Asphalt Concrete over Untreated 

Aggregate Base 

*Existing asphalt concrete and recycled base left in place or new imported base. 

 

The City of Reno minimum structural section for an arterial street is 6 inches of asphalt 
concrete over 12 inches of aggregate base. Using the structural coefficients of Table 7 
yields a structural number of 3.30 for the minimum section. The existing structural 
section has a structural number ranging from 4.65 to 5.40 assuming all new material. 
The alternate sections both have a structural number of at least 4.03, greatly 
exceeding the City of Reno minimum. Generally, NDOT policy is to match the existing 
structural section, in this case 12 inches of asphalt concrete over 12 inches of 
aggregate base. Based on our calculations, the 12 inches of asphalt concrete alone 
would be sufficient to accommodate the projected 20-year traffic loading on the 
lowest strength subgrade soil that we tested. The existing section, if new, could 
accommodate an ESAL20 of 60 million, or over 8 times the projected traffic. If 12 
inches of asphalt concrete is simply removed and replaced, it will be underlain by 12 
inches of existing base, essentially meeting NDOT standards of matching the existing 
section. The full-depth section also minimizes the depth of intrusion and potential to 
interfere with existing utilities. Alternate 2 could potentially consist of 8 inches of new 
asphalt concrete underlain by 4± inches of existing asphalt concrete and 12 inches of 
existing base, if only the surface 8 inches is milled out and replaced. Clearly, this 
would be more than adequate for the anticipated 20-year traffic.  

Portland Cement Concrete Rigid Pavement 

Depending on the length of replacement, Portland cement concrete (rigid) pavement 
may be practical for reconstruction of Virginia Street. Structural sections for rigid 
pavement we calculated with the same traffic data and growth rate, as used for 
flexible pavement. Both 20-year and standard 40-year design life sections are 
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summarized below in Table 9 (Recommended Rigid Pavement Alternates for Virginia 
Street). Calculations are included in Appendix D. 

TABLE 9 – RECOMMENDED RIGID PAVEMENT ALTERNATES FOR VIRGINIA STREET 

Design Life 
(years) 

Design ESAL 
Design K-value 

(kci) 
Portland Cement 
Concrete (inches)

Type 2 Base 
(inches) 

20 7.3 x 106 230 11.5 4* 

40 1.46 x 107 230 12.5 4* 

*Existing recycled base left in place or new imported base. 

 

Preliminary Construction Considerations 
At the time of this report, regulatory oversight with respect to construction 
specifications had yet to be determined. As a result, detailed construction 
recommendations (i.e. compaction and material requirements, etc.) cannot be 
provided. The following discussion however, presents a general discussion of 
potentially significant construction issues that must be taken into consideration during 
the design process: 

 Abundant cobbles and large to very large boulders are present in the 
subsurface of this site. Such materials will make drilled shaft 
installation, trenching and excavation, and finish grading extremely 
difficult. Significant screening of this material (and consequent quantity 
shrinkage) will also be required prior to any re-use of the existing 
materials as structural fill. 

 
 The existing granular materials will tend to slough and cave when 

exposed in excavations, trenches, or foundation borings for prolonged 
periods of time. Sloughing could begin quickly as the exposed surface 
begins to dry out. Therefore, temporary construction slopes will need to 
be flatter than for cohesive soils in order to minimize this potential. 

 
 This Truckee River bisects this project. The Truckee River is an 

environmentally sensitive river that cannot directly receive dewatering 
or runoff product. In addition, free-floating petroleum contamination is 
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present at or near the ground water elevation. As a result, dewatering 
efforts, which will be necessary during construction, and excavations to 
such depth will require on-site containment, and off-site treatment 
disposal. In addition, any personnel that will be handling such material 
will require OSHA-40 certification. Finally, best management practices 
with respect to storm water runoff during construction will need to be 

adhered to in order to prevent runoff from directly entering the river 
system. 

 
 Although not encountered during site exploration, clay soils are known 

to exist at very shallow depths in the area. If present at subgrade 
elevation, clay soils will need to be separated from overlying structural 
improvements. This typically requires over-excavation and removal of 
clay soils, with the resulting over-excavation backfilled with structural 
fill. 
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Quality Control 
All plans and specifications should be reviewed for conformance with this geotechnical 
report and approved by the geotechnical engineer prior to submitting them to the 
building department for review. 

The recommendations presented in this report are based on the assumption that 
sufficient field testing and construction review will be provided during all phases of 
construction. We should review the final plans and specifications to check for 
conformance with the intent of our recommendations. Prior to construction, a pre-job 
conference should be scheduled to include, but not be limited to, the owner, architect, 
civil engineer, the general contractor, earthwork and materials subcontractors, building 
official, and geotechnical engineer. The conference will allow parties to review the 
project plans, specifications, and recommendations presented in this report and 
discuss applicable material quality and mix design requirements. All quality control 
reports should be submitted to and reviewed by the geotechnical engineer. 

During construction, we should have the opportunity to provide sufficient on-site 
observation of preparation and grading, over-excavation, fill placement, foundation 
installation, and paving. These observations would allow us to verify that the 
geotechnical conditions are as anticipated and that the contractor's work is in 
conformance with the approved plans and specifications.  
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Standard Limitations Clause 
This report has been prepared in accordance with generally accepted geotechnical 
practices. The analyses and recommendations submitted are based on field 
exploration performed at the locations shown on Plate 1 of this report. This report 
does not reflect soils variations that may become evident during the construction 
period, at which time re-evaluation of the recommendations may be necessary. We 
recommend our firm be retained to perform construction observation in all phases of 
the project related to geotechnical factors to ensure compliance with our 
recommendations. The owner shall be responsible for distributing this geotechnical 
investigation to all designers and contractors whose work is related to geotechnical 
factors. 

Equilibrium water level readings were made on the date shown on Plate 2 of this 
report. Fluctuations in the water table may occur due to rainfall, temperature, seasonal 
runoff or adjacent irrigation practices. Construction planning should be based on 
assumptions of possible variations in the water table. 

This report has been produced to provide information allowing the architect or 
engineer to design the project. The owner is responsible for distributing this report to 
all designers and contractors whose work is affected by geotechnical aspects. In the 
event there are changes in the design, location, or ownership of the project from the 
time this report is issued, recommendations should be reviewed and possibly 
modified by the geotechnical engineer. If the geotechnical engineer is not granted the 
opportunity to make this recommended review, he or she can assume no 
responsibility for misinterpretation or misapplication of his or her recommendations or 
their validity in the event changes have been made in the original design concept 
without his or her prior review. The geotechnical engineer makes no other warranties, 
either expressed or implied, as to the professional advice provided under the terms of 
this agreement and included in this report.  
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