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1. PURPOSE AND SCOPE OF STUDY

This report presents the results of the geotechnical investigation performed by Yeh and Associates, Inc.
(Yeh) for the Lincoln Street and 6th Avenue Bridges over Cherry Creek project in Denver, Colorado. This
investigation was performed in general accordance with our executed Professional Services On-Call/Task

Order No. 1 Subcontract dated June 1, 2025.

The purpose of this investigation was to evaluate subsurface conditions and develop geotechnical
recommendations for the proposed bridge replacements at Lincoln Street and 6th Avenue over Cherry

Creek. Our scope of services included the following:

e A boring location plan,

e Boring logs and a description of site and subsurface conditions,

e Laboratory test results,

e Geotechnical recommendations for bridge foundations,

e Recommendations for feasible retaining wall types, with corresponding preliminary soil
parameters; and,

e Recommendations for embankment construction and site grading.

2. PROJECT DESCRIPTION AND HISTORY

The Lincoln Street and 6th Avenue bridges over Cherry Creek are in central Denver, Colorado, just south
of downtown. The project area is generally limited to the two bridge structures and adjacent pavement
along Lincoln Street and 6th Avenue. The project will include replacement of the existing bridge
structures as well as associated roadway and pedestrian facility improvements. The bridges are
proposed to be supported on drilled shaft foundations. The grade and alignment of the proposed

bridges are expected to remain approximately the same as the existing bridges.



Updated Draft Preliminary Geotechnical Design Recommendation Report Yeh Project 224-496
Lincoln Street and 6th Avenue Bridges over Cherry Creek April 10, 2026

Figure 2-1 — Project Location Map

3. GEOLOGICAL SETTING AND SITE CONDITIONS

The geology of the project area has been mapped by the United States Geological Survey (USGS)
(Shroba, 1980). Undifferentiated alluvium of Upper Holocene age is mapped throughout the project
area. This unit includes deposits of post-Piney Creek and Piney Creek Alluvium as well as some artificial
fill along Cherry Creek. Post-Piney Creek Alluvium generally consists of light gray to light brown
noncalcareous silty sand. This alluvium forms channel, flood plain, and terraces less than 10 feet above
Cherry Creek and is about five to 10 feet thick. Piney Creek Alluvium includes light gray to dark grayish

brown, humic, slightly calcareous sandy silt and clay overlying noncalcareous silty sand and sandy clay.
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This alluvium forms terrace approximately 10 to 15 feet above Cherry Creek and is generally less than 15

feet thick.
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Figure 3-2 — Geologic Map of the Project Area
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The area surrounding the Lincoln Street and 6™ Avenue bridges over Cherry Creek is characterized by
dense urban development in Denver, Colorado. Lincoln Street, 6! Avenue, and Speer Boulevard carry

high volumes of vehicle traffic throughout the day. The area is generally flat and the roadways are

separated from Cherry Creek by elevation and by vertical concrete walls. Southbound Speer Boulevard

is buried in a tunnel through the project area. The paved Cherry Creek Trail that runs diagonally

beneath the bridges carries significant pedestrian and bicycle traffic.
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4. SUBSURFACE INVESTIGATION

4.1 Field Exploration

The geotechnical exploration included six bridge borings, labeled YA-6AVE-B1, YA-6AVE-B3, YA-6AVE-B4,
YA-LINC-B2, YA-LINC-B3, and YA-LINC-B4. Multiple borings were initially proposed at the abutment
locations to account for potential utility conflicts and access constraints; as a result, the boring
numbering sequence is not continuous. Borings designated as YA-LINC-B1 and YA-6AVE-B2 were not

drilled as part of this investigation.

The four abutment borings were located near the existing bridge abutments in the paved areas of 6th
Avenue, Lincoln Street, and Speer Boulevard. The two center pier borings, labeled YA-6AVE-B4 and YA-
LINC-B4 were drilled along the Cherry Creek Trail.

The abutment borings were drilled with spacing, termination depths, and locations that generally meet
the requirements specified in the American Association of State Highway and Transportation Officials
Load Resistance Factor Design Bridge Design Specifications, 10th Edition, 2024 (AASHTO, 2024), Section
10.4.2. Borings were also drilled as close as practicable to the proposed center pier locations due to
access limitations. The boring locations are shown on the Boring Location Plan in Appendix A, and the

boring logs are presented in Appendix B.

The abutment borings were drilled between October 13 and October 16, 2025, using subcontractor Vine
Laboratories’ CME-750X buggy-mounted drill rig equipped with an automatic (hydraulic) hammer. The
center pier borings were drilled on February 12, 2026, using subcontractor Vine Laboratories’ Geoprobe

track-mounted drill rig, also equipped with an automatic (hydraulic) hammer.

Borings YA-6AVE-B1 and YA-LINC-B3 were advanced using hollow-stem augers with rock coring
performed below the soil/bedrock contact. Borings YA-6AVE-B3, YA-6AVE-B4, and YA-LINC-B2 were
advanced using hollow-stem augers. Boring YA-LINC-B4 was advanced using solid-stem augers.

Subsurface conditions encountered in the borings were logged in the field by representatives of Yeh.

Penetration resistance measurements were taken by driving a Modified California (MC) sampler or a
Standard Penetration Test (SPT) sampler into subsurface materials at approximate 5-foot intervals. The
MC sampler is a 2.5-inch outer-diameter (0.D.), 2.0-inch inner diameter (1.D.) split-barrel sampler

containing 1.95-inch inner diameter brass liners, similar to ASTM D3550. The MC sampler was driven 12

6
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inches for each sample. SPT samples were obtained using a standard 2.0-inch O.D., 1.4-inch I.D. split-
barrel sampler in general accordance with ASTM D1586 and were driven 18 inches for each sample. The
samplers were advanced using an automatic hammer simulating the energy of a 140-pound hammer
falling 30 inches. The automatic hammer used on Vine Laboratories’ CME-750X buggy-mounted drill rig

to drive the samplers was calibrated and has a hammer efficiency of 97 percent.

Yeh personnel prepared field logs documenting the subsurface conditions encountered, blow counts (N-
values), sampling intervals, and types of samples obtained. The field logs were used by the project
geotechnical engineer as an aid in preparing the final boring logs. The boring logs and legend are

presented in Appendix B.

4.2 Laboratory Testing

Laboratory tests were performed to evaluate the pertinent engineering properties of the soil. The
laboratory testing was conducted in general accordance with American Society for Testing and Materials
(ASTM) and American Association of State Highway and Transportation Officials (AASHTO) test

procedures. The following laboratory tests were performed for this evaluation:

e  Moisture Content and Density

e Percent Passing No. 200 Sieve

e Atterberg Limits

e Unconfined Compressive Strength

e Water Soluble Sulfates and Chlorides
e pH

e Resistivity

e One Dimensional Swell/Collapse

e R-Value

Atterberg limit tests and grain size analyses were used to classify the soils according to AASHTO and

Unified Soil Classification System (USCS) standards.

The material descriptions and laboratory test results were used for the geotechnical engineering
analyses and the development of foundation recommendations. Details of laboratory test results are

presented in Appendix C and are integrated with the boring logs in Appendix B.
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5. SUBSURFACE CONDITIONS

The four abutment borings, labeled YA-6AVE-B1, YA-6AVE-B3, YA-LINC-B2, and YA-LINC-B3 were located
near the existing bridge abutments in the paved areas of 6th Avenue, Lincoln Street, and Speer
Boulevard. The two center pier borings, labeled YA-6AVE-B4 and YA-LINC-B4 were drilled along the
Cherry Creek bike path running under the bridges. Soils encountered in the borings primarily consisted
of fill materials including loose to medium dense silty sand (SM) and clayey sand (SC). These materials
were generally underlain by native soils consisting of well-graded sand with silt (SW-SM) and poorly
graded sand (SP) in a loose to dense condition, with some gravel observed in many samples. These

granular soils were underlain by hard to very hard claystone extending to the boring termination depths.

Abutment borings YA-6AVE-B1, YA-6AVE-B3, YA-LINC-B2, and YA-LINC-B3 were drilled at street level
along Lincoln Street, 6th Avenue, and Speer Boulevard. Subsurface conditions encountered in these
borings consisted of silty sand (SM) and clayey sand (SC) fill extending to depths of approximately 12 to
15 feet below ground surface. Underlying the fill, well-graded sand with silt (SW-SM) and poorly graded
sand (SP) were encountered to depths of approximately 28 to 34 feet, where claystone bedrock was
encountered. The claystone continued to the boring termination depths, which ranged from

approximately 46.7 to 64.4 feet below ground surface.

Center pier borings YA-6AVE-B4 and YA-LINC-B4 were drilled below the existing bridges, where surficial
conditions consisted of well-graded sand with silt (SW-SM) extending to depths of approximately 19 to
19.5 feet below ground surface. Claystone bedrock was encountered at these depths. Due to access
constraints, a smaller drill rig was used at these locations, which could not advance significantly into

bedrock; therefore, the borings were terminated shortly after encountering the claystone bedrock.

Using electronic files provided by WSP, ground elevations of the borings were interpolated and used in

approximating bedrock and groundwater levels at the time of drilling in Table 5-1 below.
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Table 5-1 — Groundwater and Bedrock Levels

Approximate Ground Approximate Approximate Very Hard
. Surface Elevation Groundwater Level Bedrock* Level
Boring Label . .
Depth Elevation Depth Elevation
(Feet) (Feet) (Feet) (Feet) (Feet)
YA-6AVE-B1 5252.5 14 5239 37 5216
YA-6AVE-B3 5252.2 14 5238 34 5218
YA-6AVE-B4 5241.8 3 5239 - -
YA-LINC-B2 5250.7 13 5238 33 5218
YA-LINC-B3 5251.8 13 5239 38 5214
YA-LINC-B4 5239.6 3 5237 - -

* Very hard bedrock defined as the depth at which any 8-inch interval has a penetration resistance of 50 blows or greater.

Note that the boring elevations were interpolated from the civil drawings provided by WSP and are
considered approximate. Groundwater observations represent groundwater conditions at the time of
the field exploration and may not be indicative of other times or at nearby locations. Variations in
groundwater conditions may occur seasonally. The magnitude of the variation will be largely dependent
upon the duration and intensity of precipitation, site grading changes, the surface and subsurface

drainage characteristics of the surrounding area, and fluctuations in the water level of Cherry Creek.

6. GEOLOGIC RELATED CONSIDERATIONS

Geologic and geotechnical engineering concerns encountered on this site include seismicity and

corrosion potential. Discussion of these topics and test results are presented below.

6.1 Seismicity

No currently active faults are known to exist in the immediate project area. The site is classified as Site
Class CD and Seismic Zone 1 in accordance with Table 3.10.3.1-1 and Table 3.10.6-1, respectively, of
AASHTO LRFD Bridge Design Specifications (2024). The A and the S, (1.0 sec) were obtained from the
2023 ASHTO-USGS Seismic Design Ground Motion Database (Kortum et al.) while the Sp; was calculated
using the aforementioned values. Since the shear wave velocity at the site is estimated to be less than
1450 feet per second, S, and Sp; are equal as per LRFD specifications. The seismic design parameters for

the site are shown in Tables 6-1.
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Table 6-1 — Seismic Parameters for Site Class CD

Site Class

A (0.0 sec)

Sa(1.0sec)  Spi1(1.0sec) Seismic Zone

Ccb 0.07922 0.051628 0.051628 1

6.2 Sulfate Attack and Corrosion

Analytical testing, including water-soluble sulfate and chloride content, pH, and electrical resistivity, was
conducted in the laboratory on seventeen representative soil samples. The test results are summarized
in Table 6-2, below and presented in Appendix C. The results indicate that the severity of sulfate
exposure for these soils can be classified as Class 0 in accordance with Section 601.04 of the Colorado
Department of Transportation (CDOT) Standard Specifications for Road and Bridge Construction, 2023
(CDOT Standards).

Many of the soil resistivity values were very low and one of the water-soluble chloride values was high,
indicative of aggressive soil and bedrock in accordance with Section 10.5.1.4 of the CDOT Bridge Design
Manual, 2024 (BDM, 2024). A qualified corrosion engineer should review the laboratory data and boring

logs to determine the appropriate level of corrosion protection for materials in contact with these soils.

Table 6-2 — Corrosion Test Results

Water,Soluble Water-Soluble Resistivity

Sulfates [%] Chlorides [%] [ohm-cm]
YA-6AVE-B3 @ 1’ 11.3 0.013 0.039 950
YA-6AVE-B3 @ 24’ 7.3 0.009 0.036 2560
YA-6AVE-B4 @ 4’ 7.8 0.007 0.033 1360

YA-LINC-B2 @ 14’ 7.6 0.011 - -

YA-LINC-B3 @ 1’ 11.1 0.016 0.054 864
YA-LINC-B4 @ 14’ 7.4 0.001 0.042 4320

7. CONSTRUCTION RECOMMENDATIONS

The following sections present recommendations for site preparation, ground improvement, excavation,
subgrade preparation, fill placement, and surface drainage on the project. Site preparation and
earthwork operations should be performed in accordance with the CDOT Standard Specifications.
Earthwork should be observed and evaluated by a qualified representative of the geotechnical engineer.

The evaluation of earthwork should include observation and testing of engineered fills, ground

10
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improvement, subgrade preparation, foundation bearing soils, and other geotechnical conditions

exposed during the construction of the project.

7.1 Site Grading Considerations

Initial site work should consist of removing construction debris, vegetation, organics, remnants of
existing structures or walls, and other deleterious materials from the proposed structure areas and any
other areas to receive fill. Particular attention should be given to the removal of demolition-related
materials such as concrete, asphalt, masonry, abandoned utilities, and other man-made materials that
could interfere with proper subgrade preparation or compaction. All exposed surfaces should be
reasonably level and free of mounds and depressions that could prevent uniform compaction. Once
properly cleared, all exposed areas that will receive fill should be scarified and compacted in accordance

with Section 203 of the CDOT Standard Specifications.

The flood wall foundations are anticipated to be below the water level of Cherry Creek. Foundation and
other excavations may encounter wet and/or unstable conditions. If unstable conditions are
encountered or develop during construction, stability may be improved by scarifying and drying the
subgrade soils, where feasible. The foundation excavation may be stabilized by adding a layer of clean
coarse aggregate (e.g., AASHTO No. 57 stone) and a separation geosynthetic. Dewatering of excavations

may be required.

In general, permanent soil slope angles should not exceed three horizontal to one vertical (3H:1V),

however, flatter slope angles may be necessary for revegetation.

7.2 Fill Materials and Placement

All embankment materials should conform to Section 203.03 of CDOT Standard Specifications. Prior to
receiving fill, exposed surfaces should be completely broken up by plowing or scarifying to a minimum
depth of 6 inches, in accordance with Section 203.06 of the CDOT Standard Specifications. On-site silty
and clayey sand or imported granular fill may be used as general fill material outside of retaining wall
and structural backfill zones if placed and compacted in accordance with Section 203.07 of the CDOT
Standard Specifications. Backfill for retaining walls and other structural elements should consist of CDOT

Structure Backfill (Class 1) or flow fill unless otherwise specified in the project plans.

11
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Visual inspection and density testing at the surface of the compacted fill and the subgrade is required to
identify potential areas where the subgrade contains soft/loose soils. Proof roll in accordance with
Section 203.08 of CDOT Standard Specifications. Areas which deform non-uniformly under heavy wheel
loads should either be moisture conditioned and recompacted or excavated and replaced with CDOT
Class 1 Structure Backfill and recompacted. The depth of over-excavation, if required, should be

determined during construction.

All soil backfill compaction should be performed in horizontal lifts that are 8 inches or less in loose
thickness, using equipment and procedures that will produce a uniform fill with the required moisture
contents and densities throughout the lift. The required percent of relative compaction and moisture

content for the embankment materials are presented in Section 203.07 of CDOT Standard Specifications.

Backfill materials should have a Class 2, or less, severity of sulfate exposure. Backfill materials should be
tested for severity of sulfate exposure prior to placement. We recommend that the subgrade
preparation process including soil excavation, the placement and compaction of materials, and visual
inspection of foundation soils be observed and evaluated by the geotechnical engineer of record or the

engineer’s representative.

7.3 Excavation and Trench Construction

Excavations into the on-site soils will encounter a variety of conditions. All excavations must comply
with the applicable local, State, and Federal safety regulations, and particularly with the excavation
standards of the Occupational Safety and Health Administration (OSHA). Construction site safety,
including excavation safety, is the sole responsibility of the contractor as part of its overall responsibility
for the means, methods, and sequencing of construction operations. Yeh’s recommendations for
excavation support are provided for the Client’s sole use in planning the project. In no way do they
relieve the contractor of its responsibility to construct, support, and maintain safe slopes. Under no
circumstances should the following recommendations be interpreted to mean that Yeh is assuming

responsibility for either construction site safety or the contractor’s activities.

We believe the claystone material at this site will classify as Type A material and the sands will classify as
Type C material using OSHA criteria. OSHA requires that unsupported cuts be no steeper than %H:1V for
Type A material, 1H:1V for Type B material, and 1%H:1V for Type C for unbraced temporary excavations
in dry conditions. Flatter slopes will be required below groundwater or if seepage is present. A

Registered Professional Engineer should design any excavations greater than 20 feet in depth. Please
12
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note that the contractor’s OSHA-qualified “competent person” must make the actual determination of
soil type and allowable sloping in the field. The soils encountered by the proposed excavations may vary
significantly across the site. The preliminary classifications presented above are based solely on the
materials encountered in widely spaced exploratory test borings. The contractor should verify that

similar conditions exist throughout the proposed area of excavation.

As a safety measure, we recommend that all vehicles and stockpiles be kept to a lateral distance equal
to at least the depth of the excavation from the crest of the slope. The exposed slope face should be

protected against the elements and monitored by the contractor on at least a daily basis.

7.4 Drainage Considerations

Moisture conditions in the subgrade soils influence the performance of structures. The risk of wetting
these subgrade soils can be reduced by proper planning and maintenance of surface grades and
drainage. Excessive wetting of the subsurface before, during, and after construction can cause
movement of pavements and foundations. Precautions should be taken to avoid wetting or drying of

open excavations for foundations and other earthwork.

Positive drainage away from the structures should be provided. Proper design of drainage should
include preventing the ponding of water on or immediately adjacent to structures and pavements.
Surface features that could retain water in areas adjacent to the roadway or structures should be graded

to drain.

Backfill against structures should be moisture-conditioned, well-compacted, and free of all construction

debris to reduce the possibility of moisture infiltration and migration.

8. BRIDGE FOUNDATION RECOMMENDATIONS

We understand that drilled shafts are the preferred foundation system for this project; however, driven
piles remain a viable foundation option based on the subsurface conditions encountered. Geotechnical

recommendations for driven piles can be provided upon request.

The soil and bedrock properties were estimated from penetration resistance, material
descriptions and laboratory data. The design and construction of the foundation elements
should comply with all applicable requirements and guidelines listed in AASHTO, 2024 and the

CDOT Bridge Design Manual, 2024 (CDOT BDM, 2024).
13
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Drilled shafts may be used to support the proposed Lincoln Street and 6™ Avenue bridges. Drilled shaft

construction should comply with Section 503 of the CDOT Standard Specifications.

1. The estimated bearing resistance should be developed from side and tip resistance in the
claystone. The upper three feet of penetration into weathered claystone should be neglected
when calculating the nominal axial resistance, due to the possibility of disturbance during
construction and future weathering. Drilled shafts should be socketed at least 5 feet into very

hard claystone.

2. Table 8-1 contains the recommended values for the nominal side and tip resistances for drilled
shafts founded in weathered claystone and very hard claystone layers and their respective
recommended resistance factors. The design is based on FHWA-NHI-10-016 (Brown et al., 2010)
and Abu-Hejleh et al, (2003) methodologies for design of drilled shafts in intermediate
geomaterials. Resistance factors per Table 10.5.5.2.4-1 of AASHTO LRFD (2024) as shown in

Table 8-1 should be applied to the recommended nominal resistances values.

Table 8-1 - Recommended Drilled Shaft Nominal Axial Resistance

Side Resistance Tip Resistance
Soil Type | No_mlnal Resistance No.mlnal Resistance
Resistance Factor Resistance Factor
£ _(ksf) T (ksf)
Weathered Claystone 3.8 0.6 -- --
Very Hard* Claystone 7.5 0.6 90 0.55

* Very hard bedrock defined as the depth at which any 8-inch interval has a penetration resistance of 50 blows or greater.

3. Settlement adjacent to the abutments may occur due to loads from proposed retaining walls.
Settlement has not been evaluated due to unknown retaining wall geometry. Downdrag may act

on drilled shafts and can be evaluated after proposed retaining wall geometries are established.

4. To account for axial group effects, drilled shaft group resistance should be considered in

accordance with Section 10.8.3.6 in AASHTO LRFD (2024).

5. Weathered Claystone and Claystone may be very hard at various elevations. The contractor
should mobilize equipment of sufficient size and operating condition to achieve the required

design depth.
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6.

10.

11.

Drilled shafts may be designed to resist lateral loads using the recommendations in Section 8.3,
Bridge Foundation Lateral Resistance of this report. The upper portion of the drilled shaft
between finished grade and the scour depth, or to a depth of 3 feet below finished grade,

whichever is greater, should be neglected in lateral load resistance calculations.

Based on our experience with similar properly constructed drilled shaft foundations, we
estimate individual shaft settlement will be less than % inch when designed according to the

criteria presented in this report.

Drilled shaft construction shall not disturb previously installed drilled shafts. The drilled shaft
concrete should have sufficient time to cure before construction on a drilled shaft within 3 shaft
diameters (clear distance) begins to prevent interaction between shafts during excavation and

concrete placement.

Groundwater and potentially caving soils will likely be encountered during drilling. The
contractor should construct the drilled shafts using means and methods that maintain a stable
hole without compromising the side and tip resistance. A temporary steel casing may be
required to maintain a stable hole for construction. Concrete should be placed soon after
completion of drilling and cleaning. Concrete should not be placed in holes with more than 2
inches of standing water unless the tremie method is used. Drilled shaft construction should

follow Section 503 of the CDOT Standard Specifications.

Additional side resistance may be developed by roughening the sidewalls of the drilled shaft or

by increasing the drilled shaft length, as appropriate.

Each drilled shaft excavation should be carefully observed by a qualified representative of the

Engineer of Record.

9. RETAINING WALL AND ABUTMENT RECOMMENDATIONS

This section presents geotechnical recommendations for the design and construction of retaining walls

and abutments for the proposed bridge structures. The recommendations provided herein are based on

the subsurface conditions encountered during the field investigation, laboratory testing results, and

applicable design guidance from the AASHTO LRFD Bridge Design Specifications (2024) and the CDOT

Bridge Design Manual (2024).
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9.1 Design Criteria for Retaining Walls and Foundations

The proposed abutments for both the 6th Avenue Bridge and the Lincoln Street Bridge are anticipated
to be founded on drilled shafts. At the Lincoln Street Bridge, the existing channel walls are anticipated to
remain in place, and no new channel walls (other than monolithic abutment wingwalls) are currently
proposed. At the 6th Avenue Bridge, replacement channel walls are anticipated to be founded on top of
the existing abutment continuous pile cap supported by existing concrete-filled pipe piles that will
remain in place. Portions of the new channel wall extending beyond the limits of the existing pile cap are

anticipated to be founded on either spread footings or drilled shafts.

Backfill materials behind the walls are anticipated to consist of CDOT Structure Backfill (Class 1) or
Structure Backfill (Flow-Fill) placed in accordance with CDOT Staff Bridge Worksheet B-206-F1. Where
flow-fill is used between the new channel walls and abutments at the 6th Avenue location, the material
is anticipated to be placed in a bounded condition between the channel wall and drilled shafts with
shotcrete infill, with approximately 3 inches of EPS foam provided behind the wall and placement

performed in lifts not exceeding 3 feet, as indicated in the bridge plans and worksheet.

Design of the footings and retaining walls should follow the guidance provided in AASHTO LRFD Bridge
Design Specifications, 10th Edition (2024). The following draft design recommendations are provided

for the walls:

1. Spread footings should be constructed on properly prepared native soils or Structure Backfill
(Class 1). Loose or otherwise unsuitable soils encountered in the foundation excavation should
be removed and replaced with Structure Backfill (Class 1) compacted with moisture density
control to at least 95 percent of the maximum density as determined in accordance with
AASHTO T 180. Additional stabilization recommendations, if required, are provided in Chapter 7
of this report.

2. Spread footings should be constructed to avoid conflicts with the existing structures,
foundations, and utilities.

3. Spread footings bearing on soil should be embedded a minimum of 3 feet for frost protection.

4. Retaining walls should be backfilled with Structure Backfill (Class 1) compacted with moisture
density control to at least 95 percent of the maximum density as determined in accordance with

AASHTO T 180.
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5. Hydrostatic or seepage pressures should not be allowed to develop in the retained soil.
Appropriate drainage elements shall be installed in the retaining walls. It should be recognized
that increases in creek water levels may allow water to enter the backfill through the drainage
system in a reverse direction. Therefore, measures should be incorporated into the design to
prevent the development of hydrostatic pressure behind the wall under these conditions.

6. Retaining walls that can deflect or rotate approximately 0.1 to 0.2 percent of the wall height can
be designed for “active” earth pressure conditions. Table 9-1 summarizes properties of various
soils for computing lateral earth pressures, active earth pressure coefficients, and active
equivalent fluid unit weights for soils with level backslope angles. A load factor of 1.5 applies to

active earth pressure.

Table 9-1 - Soil Properties for Lateral Earth Pressure Calculations and Active Earth Pressure

Material Backslope Unit Friction . Active Earth = At-Rest Earth
. , | Lohesion, c
Type Angle Weight Angle, ¢ (psf) Pressure Pressure
(pcf) (degrees) 'i Coefficient, k. = Coefficient, ko
cbot Level 135 34 \ 0.28 0.44
Structure
Backfill
(Class 1) 2H:1V 135 34 - 0.41 0.64
Sand with Silt Level 120 32 - 0.31 0.47
to Poorly
Graded Sand 2H:1V 120 32 - 0.46 0.68

7. Passive earth pressure above the bottom of the footing should be neglected in design. Passive
earth pressure acting against a footing shear key can be calculated using the passive earth
pressure coefficient and passive equivalent fluid unit weight provided in Table 9-2. A resistance

factor of 0.5 applies to passive earth pressure.

Table 9-2 - Passive Earth Pressure

Passive Earth
Pressure
Coefficient, K,

Passive Equivalent
Fluid Unit Weight (pcf)

Material Type

CDOT Structure Backfill

(Class 1) 3.5 470

8. Resistance to sliding at the bottom of the spread footing can be calculated based on a

coefficient of friction of 0.50 for CIP concrete footings founded on native sand with silt, native
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poorly graded sand, or CDOT Structure Backfill (Class 1). A resistance factor of 1.0 applies to

sliding resistance.

9. The nominal bearing resistance at the strength limit state based on effective footing width (B’)
in feet is provided in Table 9-3. A resistance factor of 0.55 applies to the nominal bearing

resistance.

Table 9-3 - Nominal Bearing Resistance for Spread Footings

Foundation Material Soil Properties Used for Nominal Bearing
Bearing Calculations Resistance (ksf)
Native Sand with Silt, ¢'=32°
Native Poorly Graded Sand ¢ =0 psf 4 +0.98’
vy =120 pcf

Notes: 1. B’ =B - 2e, where B = footing width and e = eccentricity. B’ in feet.
2. Nominal bearing resistance values assume groundwater depth is greater than 1.5 times the
footing width (B) below the bottom of the footing.
3. Nominal bearing resistance values assume a level toe slope.

10. Bearing pressure at the service limit state should be limited to 5.0 ksf to limit settlement to less

than 1.0 inch.
9.2 Bridge Foundation Lateral Earth Pressures

The soil and rock properties were estimated from penetration resistance, material descriptions and
laboratory data. The design and construction of the foundation elements should comply with all
applicable requirements and guidelines listed in AASHTO LRFD Bridge Design Specifications (2024) and
the CDOT Bridge Design Manual (2024).

1. Walls that can deflect or rotate approximately 0.1 to 0.2 percent of the wall height can be
designed for “active” earth pressure conditions. For a rigid wall where negligible deflection can

occur, an “at-rest” lateral earth pressure condition should be used.

2. The lateral earth pressure induced by additional surcharge loads or backslopes above the top of
walls should be considered in design, where appropriate and in accordance with Section 3.11 of

AASHTO LRFD (2024).

3. Lateral earth pressure for CDOT Structure Backfill Class 1 should be calculated in accordance
with Section 3.11.5 of the AASHTO LRFD (2024). For CDOT Structure Backfill Class 1, an effective
angle of internal friction of 34 degrees and a unit weight of 135 pounds per cubic foot (pcf)
should be used for design. Friction angles between fill and various wall materials can be found in

Table C3.11.5.3-1 of AASHTO LRFD (2024). Flow fill may also be used where indicated in the
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plans and should be placed in accordance with CDOT Structural Worksheet B-206-F1.
Engineering properties of flow fill can vary significantly depending on the mix design and
placement conditions; therefore, site-specific strength and unit weight parameters should be

provided by the contractor or supplier for design and construction.

4. The equivalent fluid unit weight can be calculated as the lateral earth pressure coefficient times
the unit weight. The equivalent fluid unit weight for active earth pressure should not be less

than 37 pcf.

5. Aload factor of 1.5 is recommended for active earth pressure and 1.35 for at-rest earth

pressure.
6. Passive earth pressure should be neglected.

7. Hydrostatic or seepage pressures should not be allowed to develop in the retained soil.

Appropriate drainage elements should be installed near the back and bottom of structures.

8. Backfill materials should be nonaggressive in accordance with Section 11.10.6.4.2 of AASHTO
LRFD (2024).

9.3 Bridge Foundation Lateral Resistance

The input parameters provided in Table 9-4 are recommended for use with the computer program LPILE
to develop the soil models used to evaluate the driven pile or drilled shaft response to lateral loading.
Table 9-4 provides the estimated values associated with the soil types encountered in our borings. The

nature and type of loading should be carefully considered.

Individual soil layers and their extent can be averaged or distinguished by referring to the boring logs at
the locations of proposed foundations. The soil and/or bedrock materials prone to future disturbance,
such as utility excavation or frost heave, should be neglected in the lateral load analysis to the depth of

disturbance, which should be a minimum of 3 feet.

Recommendations for p-y multipliers (Pm) values to account for the reduction in lateral capacity due to
group effects are provided in Sections 10.7.2.4 and 10.7.3.12 of AASHTO LRFD (2024). The P, value will
depend on the direction of the applied load, center-to-center spacing, and location of the element

within the group. Linear extrapolation may be used to estimate the P, value for a driven pile or drilled

shaft with center-to-center spacing to diameter ratio of less than 3.
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Table 9-4 - LPILE Parameters

Approxnmate . Effef:tlve Unit Friction Undrained Strain Py modu!us
) Elevation LPILE Soil Weight (pcf) . Kstatic (pci)
Soil Type Rangel Criteria Angle, Cohesion, Factor,
& AGT! BGT2 ®(deg)  c(psf) £ss  AGT> BGT®
(feet)
CDOT Structure
Backfill Class 1 -- Sand (Reese) | 135 72.5 34 -- -- 90 60
Native Silty Sand Sand
to > 5239 (Reese) 115 52.5 30 -- -- 60 40
Clayey Sand
Native Sand with Sand
Silt to Poorly 5239-5222 (Reese) 120 57.5 32 -- -- 90 60
Graded Sand
Stiff Clay
Weathered | o5y 5717 |Without Free| 130 | 67.5 .- 5000 | 0004 | -- | --
Claystone
Water
Stiff Clay
Claystone <5217 Without Free| 135 72.5 -- 10,000 0.003 -- --
Water

1Ground surface elevations estimated from electronic files provided by WSP
2Above Groundwater Table
3Below Groundwater Table
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BORING LOGS AND LEGEND



‘V

Yeh and Associates, Inc.

Geotechnical «

Geological «

Construction Services

Project Number:

Project:Lincoln St and 6th Ave Bridges over Cherry Creek

224-496

Legend for Symbols Used on Borehole Logs

Sample Types

Bulk Sample of

Drilling Methods

[ comne

Lithology Symbols

I:I_ Fill

. Asphalt

Silty Sand (SM)

auger/odex cuttings

1

Rock Core or
Pavement Core

HOLLOW-STEM

AUGER

RIS

Modified California

Standard
(82agni;r)1lgq oD. 2.0 Penetration Test
inéh D) P (ASTM D1586)
SOLID-STEM
AUGER

(see Boring Logs for complete descriptions)

Clayey Sand (SC)

Well-Graded Gravel
with Sand (GW)

——_| Claystone Weathered Bedrock
Lab Test Standards
Moisture Content ASTM D2216
Dry Densit ASTM D7263
Sand/Fines Content ASTM D421, ASTM C136,
ASTM D1140
Atterberg Limits ASTM D4318
AASHTO Class. AASHTO M145,
ASTM D3282
USCS Class. ASTM D2487

Fines = % Passing #200 Sieve
and = % Passing #4 Sieve, and retained on the

#200 Sieve)
Notes

KD Poorly Graded Sand
5y Concrolg with Gravel (SP)

ol Well-Graded Sand
<SkEH  with Silt (SW-SM)

Other Lab Test Abbreviations

gH
Chl

S/C
UCCSs

R-Value
BS (oh)

i
Re P
PtL

Soil pH (AASHTO T289-912

Water-Soluble Sulfate Content (AASHTO T290-91,

ASTM D4327)

Water-Soluble Chloride Content (AASHTO T291-91,

ASTM D4327)

Swell/Collapse (ASTM D4546)

Unconfined Compressive Strength

Soil - ASTM D2166, Rock - ASTM D7012)
esistance R-Value (ASTM D2844g

Direct Shear cohesion (ASTM D30 O%)

Direct Shear friction aAng\Ie ASTM D3080)

Electrical Resistivit%/( SHTO T288-91)

Point Load Strength Index (ASTM D5731)

1. Visual classifications are in general accordance with ASTM D2488, "Standard Practice for Description and Identification of Soils (Visual-Manual

Procedures)".

2. "Penetration Resistance" on the Boring Logs refers to the uncorrected N value for SPT samples only, as per ASTM D1586. For samples obtained
with a Modified California (MC) sampler, drive depth is 12 inches, and "Penetration Resistance" refers to the sum of all blows. Where blow counts
were > 50 for the 3rd increment (SPT) or 2nd increment (MC), "Penetration Resistance" combines the last and 2nd-to-last blows and lengths; for

other increments with > 50 blows, the blows for the last increment are reported.

3. The Modified California sampler used to obtain samples is a 2.5-inch OD, 2.0-inch ID (1.95-inch ID with liners), split-barrel sampler with internal
liners, as per ASTM D3550. Sampler is driven with a 140-pound hammer, dropped 30 inches per blow.

4. "ER" for the hammer is the Reported Calibrated Energy Transfer Ratio for that specific hammer, as provided by the drilling company.

5. Rock strength grade (RO to R6) based on Brown (1981).
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'V Yeh and Associates, Inc.

Geotechnical « Geological « Construction Services

Name:

Project Number: 224-496

Project  Lincoln St and 6th Ave Bridges over Cherry Creek

PAGE
1of2

Boring No.: YA-6AVE-B1

Boring Began: 10/16/2025
Boring Completed: 10/16/2025
Drilling Method(s): Coring, Hollow-Stem Auger

Driller: Vine Laboratories

Total Depth: 49.0 ft
Ground Elevation: 5252.5 ft

Coordinates: Lat: 39.725545 Long: -104.985748 (Not Surveyed)

Location: Near SW corner of 6th Ave bridge

Weather Notes: 60s / Sunny

Inclination from Horiz.: Vertical

Night Work: []

Groundwater Levels:

Drill Rig: CME 750X Buggy Logged By: T. Bishop Symbol ¥
Depth 14.0 ft - -
Hammer: Automatic (hydraulic), ER: 97% Final By: S. Sherwood D a’: e 10/16/25 B B
-% Rock Soil Samples Atterberg
o B — e € (= | Limits .
§_ |18 %5? s g 3 of(Z 2 |3 |g aasHTo | Field Notes
=R = = X = c| 9 . i 22|6%|8s|8%8% n
$9 |88 52 = Blows |5 §| S| Material Description 25|88|08|0L|08|n. |2 & ocs Otha rdL b
T NS o (£ 2|Q| PEr GBS S5(2712 72 8 |2E|B S| ations erLa
i 2| 0|0 6in |c @ 3 ola |8 |8 |£ |3=|sE Tests
E Q| 9| o9 [0) %] [ o
@© (6] o Y
n o
L |Z" | 0.0 - 14.0 ft. Silty SAND (SM)
. .| (Fill), light brown to brown, no
- |:- to low plasticity, moist, loose.
- 5250 B
- 36 o [
5 g |:_
- 5245 iz
- " 56 | 11 L[ 12.0{105.7] 3.0 [63.3(33.7 | NV | NP | A24(0)
- 5240 I
L z . *l.
L - 3.5 14.0 - 34.0 ft. Poorly graded
15 SAND with gravel (SP), light
o brown, wet, loose to medium
B n dense.
—5235
o 6-8
20
5230
25 2-2-5
5225
B CLAYEY @ 29'
L SAMPLE
30— 3-5-7
5220
L 34.0 - 37.0 ft. WEATHERED
16-19-33
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. Project  Lincoln St and 6th Ave Bridges over Cherry Creek PAGE
'ﬂ Yeh and Associates, Inc. | yame. 9 Y 202
Geotechnical « Geological « Construction Services
Project Number: 224-496 Boring No.: YA-6AVE-B1
E= Rock Soil Samples Atterberg
c o 3= . |8 |2 |& Limits
(=] S| 2 .
O ~|lc~ % £ = = 5 8 § o G *g 2 2 AAsHTO | Field l\éotes
S|yl o IS = =2 . g 2E(85|05| 5| R%
T8 |88 5|3 || Blows |55 G| Material Descripton |25|38|9%|SE[38]w.|Z %IUS%.S an
DE QL 29N per = S SE|~| o o @ SEI=0 assifi- | Other Lab
o o [£] = - 0.2 = =52 |2 = o o5 | 22| cations
i 2| 0|0 6in |c @ 3 ola |8 |8 |£ |3=|sE Tests
E Q| 9| o9 [0) %] [ o
@© (6] o Y
n 14
L ~“~J] CLAYSTONE, gray, hard.
- NAY
L NAY
L 5015 ) — —| 37.0-49.0 ft. CLAYSTONE,
B I— —| gray, very hard.
B = 50:5" }50:5" ]
40 iy
5210 e~ S/C=-0.2% @ 2000
L 50:5.5" 50:5.5!— — 19.4 [107.4 sf
80| 80 A2 — P
45 ]
o 97 | 73 ——
T UCCS=73728 psf
— 5205 ——]
510 ——]
L Bottom of Hole at 49.0 ft.
—5200
—5195
—5190
—5185
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Yeh and Associates, Inc.

' Geotechnical Construction Services

Geological «

Project
Name:

Project Number: 224-496

Lincoln St and 6th Ave Bridges over Cherry Creek

PAGE
1of2

Boring No.: YA-6AVE-B3

Boring Began: 10/15/2025
Boring Completed: 10/15/2025

Drilling Method(s): Hollow-Stem Auger

Total Depth: 64.4 ft
Ground Elevation: 5252.2 ft

Weather Notes: 70s/ Sunny

Inclination from Horiz.: Vertical

Coordinates: Lat: 39.725692 Long: -104.985397 (Not Surveyed)

Location: Near NE corner of 6th Ave bridge

Night Work: []

Driller: Vine Laboratories Groundwater Levels:
Drill Rig: CME 750X Buggy Logged By: T. Bishop Symbol Y
_ N . Depth | 14.0ft - -
Hammer: Automatic (hydraulic), ER: 97% Final By: S. Sherwood Date 10/15/25 _ _
< Soil Samples Atterberg
9] A = i
5 = | % £ 5 8 § o G ‘% 2 2 AAsHTO | Field l\éotes
= = 2| © . - 22|5%|8zl8zl8%
T9 |28l 5|2 Blows 5§ 5 Material Description 25|38|O%|C8|08|n.|E x| &U5CS an
q>_) Lol = 2 er =i oE <2 oo~ |5E|S0 Classifi- Other Lab
2o 0% o |£] PE R = =5z [z |2 |¢ |2E|22]| cations
i 2 Z| Gin |c @l 3 ola |8 |8 |£ |3=|sE Tests
E A o9 o |9 |w o
3 oo
- M 0.0- 0.5 ft. 6"ASPHALT. 2H81011-§0/
2o —
277N0.5 - 1.0 ft. 6" CONCRETE. SPOAAY
- A A-2-6 (0 = 9
%;7/ 1.0 - 3.0 ft. Clayey SAND (SC) (Fill), | 64 260|528|21.2| 31 | 14 | 47500 ChED0sa0
— 5250 //é brown, medium plasticity, moist, loose to
B B 24, medium dense.
H.1'| 3.0 - 12.0 ft. Silty SAND (SM) (Fill),
- N |:_— brown, low plasticity, moist, loose to
5 — 6-7-8 15 [-1H.] medium dense.
L |:-
— 5245 } i;—‘f
10— 433 | 6 |: b
— 5240 7 *FTH 12.0 - 22.0 ft. Well-graded SAND with
B i oobrf| silt (SW-SM), brown, wet, loose to
V4 C+kkt| medium dense.
B B . A-1-b (0)
| 15— 2-3-2 5 ¥ bt 15.8 13.7(80.6| 5.7 | NV | NP SW-SM
— 5235 7 2
i 20 6-8-10 | 18 [
5230 7 f/// 22.0 - 29.0 ft. Clayey SAND (SC),
B g /////' brown, medium plasticity, wet, medium pH=73
4 dense. $=0.009%
B / A-2-6 (0) |Chl=0.0360%
i 25 669 | 15 [/ 19.9 10.8|60.9|28.3| 28 | 13 s |Re=25600hm-cm
L 5005 N ////«
B N 29.0 - 34.0 ft. WEATHERED
L 30— 16-16-30 | 46 "°X] CLAYSTONE, gray, medium hard.
i A
- ALY
_ A
5220 A
. - A
NAY SIC=-1.1% @ 2000
- [——|"34.0 - 64.4 ft. CLAYSTONE, gray, very psf
50:4" 50:4" L= 19.4 1109.6
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Boring No.: YA-6AVE-B3
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S sl g E= O . . 2€ S08| RSl n
cB 138 =2 Blows |5 §| 5 Material Description 535|285|08|SE|C8| | & | &USCS a
e aEl o |8 per |EB £ SE|2=e v | o |5 E|L 8| Classifi- | Other Lab
= E X Q.2 = =g|2 |3 |§ |¢ |&5|/28] cations
w 2 Z| Gin |c @l 3 ola |8 |8 | |39 |sE Tests
E O oD o |9 |w a
) o
B | = | I— —| hard.
- 5215 ——
i — UCCS=49483 psf
38-50:3" [88:9"[-" " 20.2 [106.8 P
L 40— ——]
5210 7 F— -
B = [ 504" A50:4"——]
L 45— =
- 5205 N —]
B ([ 505" 15050
L 50— -
— 5200 T ——
- P (|[ 5055 b0b5; ]
L 55— ——]
— 5195 7 F—
B ([ 505" 150:5"——|
L 60— =
—5190 7 —]
B j-i 50:5" A50:5"——

5175

Bottom of Hole at 64.4 ft.




01 BORING LOG 2021 - SPT CDOT STYLE L6CC BRIDGE REPLACEMENTS.GPJ 2021 YEH COLORADO TEMPLATE.GDT 2021 YEH COLORADO LIBRARY.GLB 3/26/26

Geotechnical « Geological « Construction Services

'V Yeh and Associates, Inc.

Name:

Project Number: 224-496

Project  Lincoln St and 6th Ave Bridges over Cherry Creek PAGE

1of 1

Boring No.: YA-6AVE-B4

Boring Began: 2/12/2026
Boring Completed: 2/12/2026
Drilling Method(s): Hollow-Stem Auger

Driller: Vine Laboratories

Total Depth: 19.5 ft
Ground Elevation: 5241.8 ft

Coordinates: Lat: 39.72576 Long: -104.98559 (Not Surveyed)

Location: On creek side of bike path, N of 6th Ave bridge

Weather Notes: 50s / Sunny

Inclination from Horiz.: Vertical

Night Work: []

Groundwater Levels:

AvA
Drill Rig: Geoprobe Logged By: T. Bishop Symbol X
) . . ) i Depth 3.0t - -
Hammer: Automatic (hydraulic), ER: % Final By: S. Sherwood Date 2/12/26 ) )
£ Soil Samples Atterberg
o3 3 ~ -~ |E = = Limits .
& ~|c % % 5 8 > oX|E 2 2 2 aasHTo | Field Notes
= = oY = o . L. 2|5 O? So| Q< n
T9 |28l 5|2 Blows 5§ 5 Material Description 535|285|08|SE|C8| | & | &YUSCS and
o oLl o |2 per |&B S oE|2=s v~ | a—|5E |2 8| Classifi- | Other Lab
Q 2 (£ ° 0.2 = S| |3 | |2 |&5|22] cations T
L g1E| 6in |c g - o|lg 8 |& |£ |2-|e=s ests
E |0 ) &3 5 (I o
» o
i 0.0 - 19.0 ft. Well-graded SAND with silt
B — oo and gravel (SW-SM), dark gray to gray,
L 5040 Cekkt| wet, medium dense.
i M- N pH=7.8
- o $=0.007%
10-11 21 |2 Chi=0.0330%
B 5 o Re=1360ohm-cm
— 5235 i X
i o A-1-b (0)
10— 4-6-10 16 X 16.8 15.1(79.8| 51 | NV | NP SW-SM
— 5230 i o
- 15 13-21-21 | 42 .;: bt
5225 i X
- i 173028 | 58 [: 25.4 36 [33.0|634| 58 | 38 NS (%)
19.0 - 19.5 ft. WEATHERED
- \CLAYSTONE, gray, hard.
L Bottom of Hole at 19.5 ft.
5220
5215
—5210
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Yeh and Associates, Inc.

' Geotechnical Construction Services

Geological «

Project
Name:

Project Number: 224-496

Lincoln St and 6th Ave Bridges over Cherry Creek

PAGE
1of2

Boring No.: YA-LINC-B2

Boring Began: 10/14/2025
Boring Completed: 10/14/2025

Drilling Method(s): Hollow-Stem Auger

Total Depth: 59.4 ft
Ground Elevation: 5250.7 ft

Weather Notes: 60s / Sunny

Inclination from Horiz.: Vertical

Coordinates: Lat: 39.726366 Long: -104.986006 (Not Surveyed)

Location: Near NE corner of Lincoln St bridge

Night Work: []

Driller: Vine Laboratories Groundwater Levels:
Drill Rig: CME 750X Buggy Logged By: T. Bishop Symbol ¥
_ , _ _ _ Depth | 13.0ft - -
Hammer: Automatic (hydraulic), ER: 97% Final By: S. Sherwood Date 10/14/25 B B
£ Soil Samples Atterberg
=3 3 - E |e | Limits .
5 = | % £ 5 8 § oX ‘g ‘% 2 2 AAsHTO | Field l\éotes
=5 By 2 B= 9o . . 2E218%5|05|R%|8%
cB 138 =2 Blows |5 §| 5 Material Description 535|285|08|SE|C8| | & | &YUSCS an
o aEl o |8 per |EB £ SE |22 |v | o |5 E|L 8| Classifi- | Other Lab
w 2 |E i 2% 5 =32 (5 |§ |2 |&25|28] cations Tests
glE| 6in |S 3 ola |8 |8 (£ |5-|8=s
@© o o X ©) o
(,J &
| 5050 0.0 - 0.7 ft. 8" ASPHALT.
1 0.7 - 1.7 ft. GRAVELLY SAND BASE
L | (Fill).
1.7 - 9.5 ft. Silty SAND with gravel (SM)
B B (Fill), brown, gray with red, low plasticity,
L moist, very loose. DECOMPOSED
2240 BRICKS, DEBRIS
L 22 4 9.6 [114.0| 0.6 |67.6|31.8| NV | NP | A2:4(0) |G 4 SAMPLE
5 SM
- 5245 |
L 2-4 6 i 9 -
10 1 9.5-15.0 ft. Clayey SAND (SC) (Fill),
L 5040 24 gray, black to brown, tan, medium
1 /| plasticity, wet, loose.
- Z N
L pH=7.6
i 1-4 5 15.1(109.1/29.5 | 47.6 | 22.9]| 35 | 18 A'ZS'?;“) S=0.011%
15 1715.0 - 28.0 ft. Poorly graded SAND with
5235 B 4 gravel (SP), gray, black to brown, tan,
L -1 wet, medium dense.
L A-1-b (0)
20 6-6-10 16 10.2 19.5(76.5| 40 | NV | NP SP
— 5230 i
B 25 5-6-12 18
— 5225 i
i "] 28.0 - 33.0 ft. WEATHERED
B -1 CLAYSTONE, gray, medium hard.
YA
B _| 11-20-28 | 48 R
30 N~
AYAY
— 5220 _ A
AYAY
L A
- A
L A
7 [——] 33.0 - 59.4 ft. CLAYSTONE, gray, very
B — —| hard.
i "ﬁ \_50:5" 150:5%- ]
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'ﬂ Yeh and Associates, Inc.

Geotechnical « Geological « Construction Services

Name:

Project Number: 224-496

Boring No.: YA-LINC-B2

Project  Lincoln St and 6th Ave Bridges over Cherry Creek PAGE

20f2

£ Soil Samples Atterberg
o3 3 ~ -~ |E = = Limits .
S lc=l S5 58 3 o2 |2 |2 |2 |8 aasHTo | Field Notes
=R = .Y = o . Lo 2= 5 O,? S| 0~ n
TS0 |88 5|3 Blows 5§ 5 Material Description 5|85|08|C8|08 o | & x| 0505 and
2L QY o |E| per gl E 2E| 7S 2 g |2EISS ssifi- | Other Lab
L g2l5| 6in |53 - Sla |& |8 | |F-|&= cations Tests
* o
- 5215 i -
i (| 505" (5057
407 ——]
— 5210 i ——]
i Pq(|[ 41-50:2" [91:8" ]
45— p—
— 5205 ] —
i P>(|[_50:5.5" k0:5.5¢ 19.1]108.3 UCCS=34186 psf
50— iy
— 5200 ] -
i (| 505 (505,
557 ——]
— 5195 —

AE-LIL 50:5" A150:5" ==l

Bottom of Hole at 59.4 ft.
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'V Yeh and Associates, Inc.

Geotechnical « Geological « Construction Services

Name:

Project Number: 224-496

Project  Lincoln St and 6th Ave Bridges over Cherry Creek PAGE

1of2

Boring No.: YA-LINC-B3

Boring Began: 10/13/2025
Boring Completed: 10/13/2025

Driller: Vine Laboratories

Drilling Method(s): Coring, Hollow-Stem Auger

Total Depth: 46.7 ft
Ground Elevation: 5251.8 ft

Coordinates: Lat: 39.726042 Long: -104.9863 (Not Surveyed)

Location: Near SW corner of Lincoln St bridge

Weather Notes: 50s / Cloudy

Inclination from Horiz.: Vertical

Night Work: []

Groundwater Levels:

AvA
Drill Rig: CME 750X Buggy Logged By: T. Bishop Symbol Ny
Depth 13.0 ft - -
Hammer: Automatic (hydraulic), ER: 97% Final By: S. Sherwood D a’: e 10/13/25 B B
-% Rock Soil Samples Atterberg
o B — e € (= | Limits .
S/_\ o — % *'g E’_\c, —~ S 8 S g§ ‘% % é é AASHTO Field Notes
S0 |80 2|2 X | Blows |[& ¢l 2 i ioti 2E/8%5|9g|SglS8 2, | dUSCs and
SO |80 2|3 == © @ © Material Description 2888|2208 |98 ] z=|E x| Classr
e oY o |8 2o per |£ 6l S SE|>T|S e @ SEI=Z assifi- | Other Lab
= 3£l 2 : o .= = =0 7 |5 |& |&5|8 2| cations T
w 2 |E 9o|J 6in c o J ola |8 |8 |£ |39 |s=& ests
E Q| 9| o9 [0) %] [ o
© 0] o
n o
% > 0.0 - 0.7 ft. 8" CONCRETE. pH=11.10
B H:[{ 0.7 13.0 . Silty SAND with 325{810652’00/
L 5250 "|.-l.| gravel (SM) to Clayey SAND A-2-6 (0) |3 on °
|:_ (SC) (FI"), black, dark brown 11.0| 65.7| 23.3] 31 14 sC Re=8640hm-cm
L ~|"| togray, no to low plasticity,
B |: .[.| moist, loose to medium dense.
i 1014 | 22 HIE 9.1 |124.6| 9.0 |75.1] 159 nv | NP | A1-D(0)
5 xe SM
Loois | ] ar
B T Trace Organics
I w3 | 7 [ g
10 yfic
L 5240 i FF—
L VAR 3,;.{ 5
o:PLF 13.0 - 29.0 ft. Well-graded
- oLkl SAND with silt (SW-SM), gray
B 2.9.2 4 bebbt| tobrown, wet, very loose to
15 <<Lbf| medium dense.
5235 i e
- 20— 7-12-13 | 25 [
5230 _ °
o A-1-b (0)
- 25 5-5-10 15 X 22.7 211914 | 65| NV | NP SW-SM
5225 _ o
A 29.0 - 38.0 ft. WEATHERED
B 30— 9-17-39 | 56 U] CLAYSTONE, gray, medium
B | % hard to hard.
ALY
— 5220 4 NAY
NAY
B - NAY
NAY
B NAY
| 12-21 | 33 RAY
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'ﬂ Yeh and Associates, Inc.

Geotechnical « Geological « Construction Services

Name:

Project Number: 224-496

Boring No.: YA-LINC-B3

Project  Lincoln St and 6th Ave Bridges over Cherry Creek PAGE

20f2

-% Rock Soil Samples Atterberg
o B — e € (= | Limits .
8,\ £~ S _,-C? P S 8 S oX ‘% % § § AASHTO Field Notes
23 2% &2 X2 Blows |2 2|2 - . 22|5%|8=|8=|8 > | &uscs and
SO |80 2|3 == © g © Material Description 2308|2898 |98 m= |5 x| Classifi
e QY o |8 2 per = S SE|~| o o @ SEI=0 assifi- | Other Lab
= 2= 2 - -3 = =g|2 |3 |§ |¢ |&5|/28] cations
i 2| 0|0 6in |c @ 3 ola |8 |8 |£ |3=|sE Tests
E Q| 9| o9 [0) %] [ o
0|8 oo
(14
AVAY
] NAY
NAY
5215 i NAY
NAY
7 [——] 38.0 - 46.7 ft. CLAYSTONE,
— —| gray, very hard.
505" 05— Ve
40 —]
—5210 83 | 33 —]
80 | 80 I
45 —
100| 35 —] UCCS=409248 psf
5205 Bottom of Hole at 46.7 ft.
— 5200
—5195
5190
5185
—5180
5175
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Yeh and Associates, Inc.

' Geotechnical Construction Services

Geological «

Project
Name:

Project Number: 224-496

Lincoln St and 6th Ave Bridges over Cherry Creek

PAGE
1of 1

Boring No.: YA-LINC-B4

Boring Began: 2/12/2026
Boring Completed: 2/12/2026
Drilling Method(s): Solid-Stem Auger

Total Depth: 19.9 ft
Ground Elevation: 5239.6 ft

Weather Notes: 40s / Sunny

Inclination from Horiz.: Vertical

Coordinates: Lat: 39.726389 Long: -104.986347 (Not Surveyed)

Location: On creek side of bike path, W of Lincoln St bridge

Night Work: []

Driller: Vine Laboratories Groundwater Levels:
v
Drill Rig: Geoprobe Logged By: T. Bishop Symbol X
) . ) o ; i Depth 3.0ft - -
Hammer: Automatic (hydraulic), ER: % Final By: S. Sherwood Date 2/12/26 ) )
£ Soil Samples Atterberg
o3 3 ~ -~ |E = = Limits .
5 = | % £ 5 8 § oX ‘é % 2 2 AAsHTO | Field l\éotes
S sl o E= O . . 2€ S08| RSl n
TS0 |88 5|3 Blows 5§ 5 Material Description 5|85|08|C8|08 o |8 x| d05C5 a
DE QY o [E]| Per (gl £ 2|7 28 |2E|SS assifi- | Other Lab
w g2l5| 6in |53 - S|a g8 & |5°)8¢ cations Tests
® o
N C-:F[F 0.0 - 19.5 ft. Well-graded SAND with silt
— oo and gravel (SW-SM), dark gray to gray, 3.0 ft - Siani
o2l A .0 ft - Significant
o | - wet, medium dense to dense. cave-in below
L V4 X groundwater table;
L o o blow counts may be
N K elevated due to
| _ o A-1-b (0) overdriving of
5235 5 14-21 35 :o 9.1 (128.0{14.8|77.1| 8.1 | NV | NP SW-SM_ |samplers.
= 717 | 24 [+ 12.3 12.7|81.2| 6.1 | Nv | NP | A:1-D(0)
5230 10 o SW-SM
. o pH=7 4
i B $=0001%
L 26-27 53 |2 Chi=0.0420%
5225 15 o *’t Re=43200hm-cm
5220 29-50:5" 7911 19.5 - 19.9 ft. WEATHERED
i \CLAYSTONE, gray, very hard.
Bottom of Hole at 19.9 ft.
—5215
—5210
— 5205
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LABORATORY TEST RESULTS



Yeh and Associates, Inc.

" Denver Lab
Geotechnical ¢ Geological « Construction Services
Summary of Laboratory Test Results
Project No: 224-496 Project Name: Lincoln St and 6th Ave Bridges over Cherry Creek Date: 03-16-2026
Sample Location Natural | Natural Gradation. Atterberg Water | Water *Eg Unconf. | Standard | Swell (+)/ ) Classification
B[?]T)r?g D?f%th S_lzg)r/r;)pele I\c/l:%lz?grq? D(Enrgity G;i\ilel S(a’:)d <F;#r12eoso LL | PL | PI pH gﬂl?:tlee gﬁ?rti)clii %g s?r%T&'h P%:st)or ((Zozllgtp Egafé) E AASHTO | USCS
0) (pcf) | (%) (%) (%) (%) (x| (psf) (Method) | in psf)
YA-6AVE-B1 9.0 | MC 12 105.7 | 3.0 [63.3| 33.7 | NV| NP| NP A-2-4(0) | SM
YA-6AVE-B1 43.0| MC 19.4 | 107.4 -0.2 @ 2000
YA-6AVE-B1 46.0 | CORE 73728
YA-6AVE-B3 10 | BULK | 6.4 26.0 |52.8| 21.2 | 31 | 17| 14 |11.3| 0.013 | 0.0390 | 950 A-2-6 (0) | SC
YA-6AVE-B3 14.0 | SPT 15.8 13.7 | 80.6| 5.7 | NV| NP | NP A-1-b (0) | SW-SM
YA-6AVE-B3 240| SPT 19.9 10.8 [60.9| 28.3 | 28 | 15| 13 7.3 | 0.009 | 0.0360 | 2560 A-2-6 (0) | SC
YA-6AVE-B3 34.0| MC 19.4 | 109.6 -1.1 @ 2000
YA-6AVE-B3 39.0| MC 20.2 | 106.8 49483
YA-6AVE-B4 40 | MC 7.8 | 0.007 | 0.0330 | 1360
YA-6AVE-B4 9.0 | SPT 16.8 151 [79.8| 51 | NV| NP| NP A-1-b (0) | SW-SM
YA-6AVE-B4 18.0 | SPT 25.4 3.6 |[33.0] 634 | 58| 20| 38 A-7-6 (22)| CH
YA-LINC-B2 40 | MC 9.6 114.0 | 06 |676| 31.8 | NV| NP| NP A-2-4(0) | SM
YA-LINC-B2 14.0| MC 15.1 109.1 | 29.5 |47.6| 229 | 35 | 17| 18 (7.6 | 0.011 A-2-6(1) | SC
YA-LINC-B2 19.0| SPT 10.2 19.5 [ 76.5| 4.0 | NV| NP | NP A-1-b(0) | SP
YA-LINC-B2 49.0| MC 19.1 108.3 34186
YA-LINC-B3 1.0 | BULK 11.0 [65.7| 233 | 31 | 17 | 14 [11.1| 0.016 | 0.0540 | 864 A-2-6 (0) | SC
YA-LINC-B3 40 | MC 9.1 1246 | 9.0 |751] 159 | NV| NP | NP A-1-b(0) | SM
YA-LINC-B3 9.0
YA-LINC-B3 24.0| SPT 22.7 21 |914| 65 | NV| NP| NP A-1-b (0) | SW-SM
YA-LINC-B3 46.0 | CORE 409248
Rev 03/19 Report By: M. Aichiouene Checked By: S. Sherwood Page 1 of 2




Rev 03/19

Report By: M. Aichiouene

'V Yeh and Associates, Inc. Denver Lab
Geotechnical ¢ Geological « Construction Services
Summary of Laboratory Test Results
Project No: 224-496 Project Name: Lincoln St and 6th Ave Bridges over Cherry Creek Date: 03-16-2026
Sample Location Natural | Natural Gradation Atterberg Water | Water é«g Unconf. | Standard | Swell (+)/ | g Classification
. Moisture Dry |Gravel Fines Soluble | Soluble | = & Comp. Proctor |Collapse (-) | &
Boring Depth| Sample | Content | Density | » #4 |S2M\< 400! LL | pL | PI | P | Sulfate |Chioride| 2 E | Strength T99 | (% atLoad | > | AASHTO | USCS
No. M@ 1 Tyee | ) | (peh) | (%) | )| (%) (%) | (%) |£S| (psh) | (Method) | inpsf) |
YA-LINC-B4 40 | MC 9.1 128.0 | 14.8 |77.1| 81 | NV| NP| NP A-1-b (0) | SW-SM
YA-LINC-B4 9.0 | MC 12.3 12.7 |812| 6.1 | NV| NP| NP A-1-b (0) | SW-SM
YA-LINC-B4 14.0| MC 7.4 | 0.001 | 0.0420 |4320
YA-6AVE-B3+
YA-LINC-B 1.0 | BULK 36
3
Checked By: S. Sherwood Page 2 of 2




‘V Yeh and Associates, Inc. Clay Lab - Denver

Geotechnical ¢ Geological * Construction Services

ONE - DIMENSIONAL SWELL OR COLLAPSE OF SOILS
ASTM D4546 METHOD C

120 1
10.0
8.0 $
S E
= Water Added
o 6.0 ; ater e
S 404 \
2 : \
3 204
= s
= r \
3 O'OT \
: ‘.——.__
2.0 =
40
6.0
-8.0
-10.0 ¢
-12.0 £
0.1 1 10 100

Applied Normal Pressure, ksf

Moisture
. Natural Dry Collapse(-) . . . SWELL OR COLLAPSE
Boring Number Depth, ft Density, pef Cor;/tent, ISwell(4), % Soil Classification GRAPH
0
YA-6AVE-B1 44 107.4 19.4% -0.2 Claystone Drawn By: M.A
Job No: I 224-496 Project Name: Lincoln St. and 6th Ave. Bridges over Cherry Creek ]JChecked By: SCS

YEH & ASSOCIATES, INC




‘V Yeh and Associates, Inc. Clay Lab - Denver

Geotechnical ¢ Geological * Construction Services

ONE - DIMENSIONAL SWELL OR COLLAPSE OF SOILS
ASTM D4546 METHOD C

120 1
10.0
8.0 $
S E
= w Added
o 6.0 ; ater e
= 404 \
2 : \
3 204
2. [ \
= i
3 0.0 - X
2.0 ¢ L—k§_
[ T
40
6.0
-8.0
-10.0 ¢
-12.0 £
0.1 1 10 100

Applied Normal Pressure, ksf

Moisture
. Natural Dry Collapse(-) . . . SWELL OR COLLAPSE
Boring Number Depth, ft Density, pef Cor;/tent, ISwell(4), % Soil Classification GRAPH
0
YA-6AVE-B3 34 109.6 19.4% -1.1 Claystone Drawn By: M.A
Job No: I 224-496 Project Name: Lincoln St. and 6th Ave. Bridges over Cherry Creek ]JChecked By: SCS

YEH & ASSOCIATES, INC




04 GRAIN SIZE YEH 10 SAMPLES L6CC BRIDGE REPLACEMENTS.GPJ 2021 YEH COLORADO TEMPLATE.GDT 2021 YEH COLORADO LIBRARY.GLB 3/24/26

[ U.S SIEVE OPENING ININCHES | U.S. SIEVE NUMBERS HYDROMETER
6 4 3 215 13/4 1238 3 4 6 8101416 20 30 40 50 60 100 140200
100 AR U
9 T : :
90 SR \ SN :
8 \\A‘k\ N :
85 = ‘?»\ :
80 z L} z
. NN
70 \
65 : :
: \ &
60 ; :
- k s
L 55 : :
9 \\\’{ 1\ :
L : :
50
= \\ : ér\ \Q :
> :
2 45 :
14 :
L 40 :
Z N\, N\
L :
= 35 9
[ 30 4 :
O X
o :
[Li 25 .
o :
20 L
15 \K :
10 >
5 i
0 : : : :
100 10 GRAIN SIZE IN MILLIMETERS 0.1 0.01 0.001
| coeBlEs | GRAVEL | SAND | SILT OR GLAY |
BOREHOLE DEPTH | AASHTO USCS LL | PL| PI %Gravel %Sand Y%Fines
(ft) Classification | Classification %Silt %Clay
®| YA6AVE-B1 90| A-24(0) sM NV | NP | NP 3.0 63.3 33.7
X| YA-6AVE-B3 10| A26(0) sC 3| 17 | 14 260 52.8 212
A| YA-GAVE-B3 140 A1b(0) SW-SM NV | NP | NP 13.7 80.6 57
*| YA6AVE-B3 240 A26(0) sC 28 | 15 | 13 10.8 60.9 283
®| YA6AVE-B4 90| A1b(0) SW-SM NV | NP | NP 15.1 79.8 5.1
O YA-6AVE-B4 180 A7-6(22) CH 58 | 20 | 38 3.6 33.0 63.4

'V

Yeh and Associates, Inc.

Geotechnical

Geological -«

Construction Services

SIEVE ANALYSIS

Project No.
Report By:

Checked By:

224-496

Date:

03-24-2026

M. Aichiouene Yeh Lab: Denver
S. Sherwood

Lincoln St and 6th Ave Bridges over
Cherry Creek




04 GRAIN SIZE YEH 10 SAMPLES L6CC BRIDGE REPLACEMENTS.GPJ 2021 YEH COLORADO TEMPLATE.GDT 2021 YEH COLORADO LIBRARY.GLB 3/24/26

[ U.S SIEVE OPENING ININCHES | U.S. SIEVE NUMBERS HYDROMETER
6 4 3 215 13/4 1238 3 4 6 8101416 20 30 40 50 60 100 140200
100 i : '\ — ﬁ—h«“\l; i T T
» z RN z
0 i i . i
85 : : : :
80
75 : : : \\ :
. linm INNLAN |
65 \\\ﬁ
60
- AU
L 55 :
2 \ Ry |
LLl N
50 :
; K
> :
t 45 \ :
14 :
L 40 ! :
Z R s
L N N
35 : :
z hl
L 30 :
(@) :
I 25 :
o 2 \K k'
20 : h\ Z
* %E \®\ b
10 : \ig\\ N
5 SN
0 : : : : ﬂ
100 10 GRAIN SIZE IN MILLIMETERS 01 0.01 0.001
| coeBlEs | GRAVEL | SAND | SILT OR GLAY |
BOREHOLE DEPTH | AASHTO USCS LL | PL| PI %Gravel %Sand Y%Fines
(ft) Classification | Classification %Silt %Clay
®| YA-LINC-B2 40|  A24(0) sM NV | NP | NP 0.6 67.6 318
X| YA-LINC-B2 140  A2:6(1) sC 35 | 17 | 18 295 47.6 229
A| YALINC-B2 190 A-1b(0) sP NV | NP | NP 19.5 76.5 4.0
*| YA-LINCB3 10| A26(0) sC 3| 17 | 14 11.0 65.7 233
®| YALINC-B3 40| A1b(0) sM NV | NP | NP 9.0 75.1 15.9
o YA-LINC-B3 240 A1b(0) SW-SM NV | NP | NP 21 91.4 6.5
O[ YALINC-B4 40| A1b(0) SW-SM NV | NP | NP 14.8 77.1 8.1
A YALINC-B4 90| A-1b(0) SW-SM NV | NP | NP 127 81.2 6.1
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