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EXECUTIVE SUMMARY

The overall purpose of this project is to provide detailed subsurface information and
recommendations for the Phase 2 and 3 of the FRA-70-022.85 project. This report is a
presentation of the structure foundation exploration performed for the proposed retaining
wall along Ramp F carrying westbound I-70 to northbound I-270, underneath the existing
FRA-70-2293 bridge. The proposed widening of Ramp F will extend into the existing spill
through slope and requires a top-down (cut) retaining wall to support the soil in front of
the forward abutment of the overhead bridge structure. The limits of the proposed
retaining wall structure along the Ramp F baseline extend from station 1533+25 to station
1535+70, for a total length of approximately 245 feet. Due to the limited clearance
beneath the existing structure, it is understood that a soil nail wall type is the preferred
option.

Exploration and Findings

One (1) boring, identified as B-001-0-19, was performed for Wall 1 on August 4, 2020 to
a depth of approximately 38.8 feet beneath the existing ground surface. The boring was
performed along the embankment of the |I-70 eastbound to I-270 northbound ramp. On
November 30, 2021, one (1) additional boring, identified as B-001-8-21, was performed
on the east side of the bridge abutment to a depth of 21.4 feet below existing grade. In
addition to the borings performed for this project, Rii utilized historical boring B-011-0-67
in the area of the proposed Wall 1 structure available through the ODOT Transportation
Information Mapping System (TIMS).

Underlying the existing fill material in boring B-001-0-19 and the surface material in boring
B-001-8-21, the natural soils encountered consisted of both cohesive and granular
deposits. The natural cohesive soils were described as silt and clay (ODOT A-6a). The
natural granular soils were described as gravel with sand, silt and clay (ODOT A-2-6). It
should also be noted that rock fragments were encountered in boring B-001-0-19 at
depths ranging between approximately 21 feet and 30 feet below the existing ground
surface.

Historic boring B-011-0-67 encountered cohesive and granular material identified as
clayey sandy gravel (A-6b) and brown and gray sandy gravel and gravelly sand (ODOT
A-1-b, A-2-4).

Bedrock was encountered in borings B-001-0-19 and B-001-8-21 at depths of 33.5 feet
and 4.5 feet beneath the existing ground surface, or approximately elevation 769.9 feet
and 775.4 feet msl. The bedrock was described as slightly to highly weathered black
shale. Additionally, historic boring B-011-0-67 reported top of weathered rock
(unclassified) was encountered at the completion depth of approximately 25 feet, or
approximately elevation 771.
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Groundwater was initially encountered during drilling in borings B-001-0-19 at a depth of
36.0 feet below the existing ground surface. Upon completion of drilling, measurable
groundwater was observed in boring B-001-0-19 at a depth of 31.6 feet. Groundwater
was not encountered in boring B-001-8-21 prior to the introduction of water for rock coring.
Groundwater was not reported on the historic log for boring B-011-0-67.

Analyses and Recommendations
Soil Nail Wall Recommendations

The soil nail wall, Wall 1, was analyzed for internal stability using the Snail software
analysis program developed by the California Department of Transportation. Based on
plan information provided and the soil parameters selected, a vertical spacing of 3.0 feet
and horizontal spacing of 5.0 feet was utilized in the analysis, and an inclination of 15°
from horizontal was considered. An 8.0-inch diameter augered hole with a No. 8 steel
reinforcement bar (1.0 in?) with 60 ksi yield strength was considered for the soil nail cross
section. A nail length of 30 feet was analyzed in order to meet stability requirements. The
soil nail wall was evaluated for sliding stability, bearing capacity (basal heave), and global
stability, and the results of the analyses indicate the proposed configuration is considered
satisfactory for stability requirements.

Please note that this executive summary does not contain all the information presented
in the report. The unabridged subsurface exploration report should be read in its entirety
to obtain a more complete understanding of the information presented.
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1.0 INTRODUCTION

The overall purpose of this project is to provide detailed subsurface information and
recommendations for the Phase 2 and 3 of the FRA-70-022.85 project. The project’s
proposed improvements include the reconfiguration of the north half of the Brice Road
interchange and westbound ramps to Interstate 270 (I-270) interchange, replacement of
the Brice Road Bridge over Interstate 70 (I-70), a proposed Brice Road Bridge over new
WB-CD Ramp, three (3) noise barriers, twelve (12) retaining walls, and five (5) culvert
extensions.

This report is a presentation of the structure foundation exploration performed for the
proposed retaining wall along Ramp F carrying westbound |-70 to northbound 1-270,
underneath the existing FRA-70-2293 bridge. The proposed widening of Ramp F will
extend into the existing spill through slope and requires a top-down (cut) retaining wall to
support the soil in front of the forward abutment of the overhead bridge structure. The
limits of the proposed retaining wall structure along the Ramp F baseline extend from
station 1533+25 to station 1535+70, for a total length of approximately 245 feet. Due to
the limited clearance beneath the existing structure, it is understood that a soil nail wall
type is the preferred option.

The exploration was performed within general accordance of the Ohio Department of
Transportation (ODOT) Specifications for Geotechnical Explorations (SGE), dated July
2020. The project site and general location of the proposed retaining walls are as shown
on the vicinity map and boring plan presented in Appendix I.

2.0 RECONNAISSANCE AND PLANNING
2.1 Site Geology

Physiographically, the site lies within the Columbus Lowland District of the Southern Ohio
Loamy Till Plain Region. This region is characterized by relatively flat-lying silty loam till
ground moraine, interspersed with end and recessional moraines, outwash and alluvial
deposits. Ground moraines are deposited during the retreat of a glacier, resulting in an
undifferentiated mixture of clay, silt, sand and gravel. End moraines are normally
associated with ice melting that is neither advancing nor retreating for a period of time.
Recessional moraines are deposited when the ice sheet is retreating. Both end and
recessional moraines are commonly associated with boulder belts. Outwash deposits
consist of undifferentiated sand and gravel deposited by meltwater in front of glacial ice,
and often occurs as valley terraces or low plains. Alluvium and alluvial terrace deposits
range from silty clay to cobble sized deposits, usually deposited in present and former
floodplain areas, such as the Big Walnut Creek and its tributaries.
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Based on the Bedrock Geology and Bedrock Topography maps of the Columbus area,
obtained from Ohio Department of Natural Resources (ODNR), the bedrock at the
proposed project site consists of the Upper Devonian-aged Ohio Shale Formation. The
Ohio Shale Formation is further subdivided into three primary members, in descending
order: the Cleveland, Chagrin, and Huron Members. The Cleveland Member consists of
black shale and is thickest in the north-central portion of the state but thins out to the
south and east. The Huron Member consists of gray to greenish gray interbedded shale,
siltstone, and very fine-grained sandstone, and is thickest in the northeastern portion of
the state, thinning out to the southwest. The Chagrin Member grades into the overlying
and underlying members and consists of black, carbonaceous shale. The entire Ohio
Shale formation ranges from 250 to over 500 feet thick, with generally laminated to thin
bedding and fissile partings, and is characterized by such features as having a
petroliferous odor and carbonate/siderite concretions.

According to bedrock topography mapping from ODNR, the top of bedrock forms a ridge
to the north of the site, generally lying just outside of the |-270 loop, and roughly
underlying the cities of Gahanna and Reynoldsburg. The bedrock surface forms a narrow
plateau that extends southwest from the south end of this ridge, which projects beneath
the 1-270 and I-70 interchange. The bedrock surface slopes down to the northwest and to
the southeast from this plateau near the interchange, then generally slopes downward to
the south and southeast. The bedrock near the interchange and northward along |-270
and eastward along I-70, lies at an approximate elevation of 750 feet mean sea level
(msl), or approximately 27 to 33 feet below the ground surface. The bedrock surface gets
only slightly deeper moving northward and approximately 50 feet deeper eastward from
the interchange near the Brice Road overpass over |-70. The bedrock surface slopes
upward moving northward along Brice Road from the Brice Road overpass over I-70.

2.2 Observations of the Project

The site of the proposed FRA-70-22.85 project is located along the east side of Columbus,
in Franklin County, Ohio, with the project limits stretching from the east side
approximately 1,400 feet east of the existing I-70 exit ramp to Brice Road, and extending
westward along I-70 to the 1-270 northbound ramp. On the north side, the project extends
along Brice Road to the first intersection north of the bridge, and on the south side, the
project extends along Brice Road to the intersection of Chantry Drive and Brice Road.
Land use surrounding the majority of the project vicinity is predominantly commercial and
residential units.

Based on the site reconnaissance of the project area in the vicinity of Wall 1, the existing
pavement north of the forward abutment of the bridge over Ramp F appeared to be in fair
condition with minor spalling/rutting near the expansion joint of the bridge approach. The
existing embankment is approximately 20 feet in height at the forward abutment. The
slopes of the embankment, with the exception of the spill through slope which was
protected by aggregate, were heavily vegetated.
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3.0 EXPLORATION

One (1) boring, identified as B-001-0-19, was performed for Wall 1 on August 4, 2020 to
a depth of approximately 38.8 feet beneath the existing ground surface. The boring was
performed along the embankment of the |-70 eastbound to I-270 northbound ramp. On
November 30, 2021, one (1) additional boring, identified as B-001-8-21, was performed
on the east side of the bridge abutment to a depth of 21.4 feet below existing grade. A
summary of the borings analyzed for the subject structure is presented in Table 1.

Table 1. Summary of FRA-70-22.85 Wall 1 and 7 Borings

Ground | Boring
Alignment | Station | Offset | Latitude ' | Longitude ' | Elevation | Depth
(feet) ! (feet)

Wall Boring
ID Number

B-001-0-19 | BL Ramp D2 | 1029+65 | 6.1 Lt. | 39.934994 | -82.848710 803.4 38.8

Wall 1
B-001-8-21 | BL Ramp D2 | 1028+81 | 17.2 Lt. | 39.934761 | -82.848719 779.9 21.4

1. Ground surface elevations and coordinates were provided by EMH&T survey.

Boring locations were determined and field located by Rii personnel prior to drilling
operations. During the field locating and reconnaissance, Rii utilized a handheld GPS
mark the boring locations. Coordinates and ground surface elevations of the as drilled
boring locations were provided by the EMH&T survey team.

The borings performed for the subject structures were drilled with a truck-mounted rotary
drilling machine, utilizing 3.25-inside diameter hollow-stem augers to advance the holes
between sampling attempts. Standard penetration testing (SPT) and split spoon sampling
were performed at 2.5-foot intervals to a depth of 25 feet below the existing ground
surface and at 5.0-foot intervals thereafter to the boring termination depth in boring
B-001-0-19 and to split spoon sampler refusal in boring B-001-8-21. Split spoon sampler
refusal is defined as exceeding 50 blows with less than 6.0 inches of penetration by the
split spoon sampler

The SPT, per the American Society for Testing and Materials (ASTM) designation D1586,
is conducted using a 140-pound hammer falling 30.0 inches to drive a 2.0-inch outside
diameter split spoon sampler 18.0 inches. Driving resistance is recorded on the boring
logs in terms of blows per 6-inch interval of the driving distance. The second and third
intervals are added to obtain the number of blows per foot (N). Standard penetration blow
counts aid in determining soil properties applicable in foundation system design.
Measured blow count (Nm) values are corrected to an equivalent (60%) energy ratio, Neo,
by the following equation. Both values are represented on boring logs presented in
Appendix IlI.
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Neo = Nm*(ER/60)

Where:
Nm = measured N value
ER = drill rod energy ratio, expressed as a percent, for the system used

Borings B-001-0-19 was performed using the hammer for a truck-mounted CME-55 drill
rig operated by Rii, which was calibrated on September 4, 2018, and has a drill rod energy
ration of 91.2 percent. The energy ratio was limited to a maximum of 90 percent for
evaluation of the SPT blow count data, in accordance with the ODOT SGE. Boring
B-001-8-21 was performed using the hammer for a Mobile B-53 drill rig operated by Rii
on this project that was calibrated on September 14, 2020, and has a drill rod energy ratio
of 83.6 percent.

Hand penetrometer readings, which provide a rough estimate of the unconfined
compression strength (UCS) of the soil, were reported on the boring logs in units of tons
per square foot (tsf) and were utilized to classify the consistency of the cohesive soil in
each layer. An indirect estimate of the unconfined compressive strength of the cohesive
split spoon samples can also be made from a correlation with the blow counts (Neo).
Please note that split spoon samples are considered to be disturbed and the laboratory
determination of their shear strengths may vary from undisturbed conditions.

Following split spoon sampler refusal in boring B-001-8-21, rock coring was performed
using a NQ-sized double-tube diamond bit core barrel (utilizing wire line equipment).
Coring produced a 1.85-inch diameter core from which the type of rock and its geological
characteristics were determined.

The rock cores obtained from the borings were logged in the field and visually classified
in the laboratory. The retrieved core was analyzed to identify the type of rock, color,
mineral content, bedding planes and other geological and mechanical features of interest
in this project. The Rock Quality Designation (RQD) for each rock core run was calculated
according to the following equation:

Y segments equal to or longer than 4.0 inches
core run length

RQD = x100

The RQD value aids in estimating the general quality of the rock and is used in conjunction
with other parameters to designate the quality of the rock mass.

Upon completion of drilling, the borings were backfilled with bentonite chips and soil
cuttings. Where borings penetrated the existing pavement, an equivalent thickness of cold
patch asphalt was used to repair the pavement surface.
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During drilling, field personnel prepared field logs showing the encountered subsurface
conditions. Soil samples obtained from the drilling operation were preserved and sealed
in glass jars and delivered to the soil laboratory. In the laboratory, the recovered soil and
rock samples were visually classified, and select samples from the borings performed for
the subject structures were tested, as noted in Table 2.

Table 2. Laboratory Test Schedule

Laboratory Test Test Designation Nur;:;:):);':gsts
Natural Moisture Content ASTM D 2216 16
Plastic and Liquid Limits AASHTO T89, T90 4
Gradation — Sieve/Hydrometer AASHTO T88 4

The tests performed are necessary to classify existing soil according to the ODOT
classification system and to estimate engineering properties of importance in determining
foundation design and construction recommendations. Results of the laboratory testing
are presented on the individual boring logs in Appendix Ill. A description of the soil and
rock terms used throughout this report is presented in Appendix II.

3.1 Historical Borings

In addition to the borings performed for this project, Rii utilized historical borings in the
area of the proposed structures available through the ODOT Transportation Information
Mapping System (TIMS). Boring B-011-0-67 was reportedly performed in the vicinity of
the proposed Wall 1. The boring was drilled to a depth of approximately 25 feet. The
subsurface profile and material encountered in this boring is described in section 4.2, and
a copy of the boring log is presented in Appendix IV.

4.0 FINDINGS

Interpreted engineering logs have been prepared based on the field logs, visual
examination of samples and laboratory test results. Classification follows the respective
version of the ODOT Specifications for Geotechnical Explorations (SGE) at the time the
exploration borings were performed. The following is a summary of what was found in the
test borings and what is represented on the boring logs.

4.1 Surface Materials

The borings were generally performed in the vicinity of the proposed retaining walls.
Boring B-001-0-19 encountered 12 inches of asphalt overlying 4 inches of aggregate base
material at the existing ground surface. Boring B-001-8-21 encountered 6.0 inches of
topsoil at the existing ground surface.
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4.2 Subsurface Soils

Boring B-001-0-19 was drilled within the existing embankment for the I-70 eastbound
ramp to 1-270 northbound and encountered embankment fill material to a depth of
approximately 23 feet below the existing ground surface. The embankment fill material
consisted of stiff to very stiff silty clay (ODOT A-6b).

Underlying the existing fill material in boring B-001-0-19 and the surface material in boring
B-001-8-21, the natural soils encountered consisted of both cohesive and granular
deposits. The natural cohesive soils were described as silt and clay (ODOT A-6a). The
natural granular soils were described as gravel with sand, silt and clay (ODOT A-2-6). It
should also be noted that rock fragments were encountered in boring B-001-0-19 at
depths ranging between approximately 21 feet and 30 feet below the existing ground
surface.

Historic boring B-011-0-67 encountered cohesive and granular material identified as
clayey sandy gravel (A-6b) and brown and gray sandy gravel and gravelly sand (ODOT
A-1-b, A-2-4). It should be noted that the ground conditions reported in the historic boring
vary from those encountered in project boring B-001-0-19. Based on the available
information, boring B-011-0-67 is reportedly approximately 90 feet southwest of boring B-
001-0-19 and at approximately elevation 796 feet.

The shear strength and consistency of the cohesive soils are primarily derived from the
hand penetrometer values (HP). The cohesive soils encountered ranged from stiff
(1.0 <HP < 2.0 tsf) to hard (HP > 4.0 tsf). The unconfined compressive strength of the
cohesive soil samples tested, obtained from the hand penetrometer, ranged from 2.0 to
over 4.5 tsf (limit of instrument). The relative density of granular soils is primarily derived
from SPT blow counts (Neo). Based on the SPT blow counts obtained, the granular soils
encountered were considered medium dense (10 < Neo < 30 blows per foot [bpf]). Blow
counts recorded from the SPT sampling within the granular soil deposits ranged from 13
to 24 bpf.

Natural moisture contents of the soil samples tested ranged from 7 to 26 percent. The
natural moisture contents of the cohesive soil samples tested for plasticity ranged from
9 percent below to 9 percent above their corresponding plastic limits. In general, the soll
exhibited natural moisture contents considered to be significantly below to significantly
above optimum moisture levels.
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4.3 Bedrock

Bedrock was encountered in borings B-001-0-19 and B-001-8-21 at depths of 33.5 feet
and 4.5 feet beneath the existing ground surface, or approximately elevation 769.9 feet
and 775.4 feet msl. The bedrock was described as slightly to highly weathered black
shale. Additionally, historic boring B-011-0-67 reported top of weathered rock
(unclassified) was encountered at the completion depth of approximately 25 feet, or
approximately elevation 770.4 feet msl.

4.4 Groundwater

Groundwater was initially encountered during drilling in borings B-001-0-19 at a depth of
36.0 feet below the existing ground surface. Upon completion of drilling, measurable
groundwater was observed in boring B-001-0-19 at a depth of 31.6 feet. Groundwater
was not encountered in boring B-001-8-21 prior to the introduction of water for rock coring.
Groundwater was not reported on the historic log for boring B-011-0-67.

Please note that short-term water level readings, especially in cohesive soils, are not
necessarily an accurate indication of the actual groundwater level. In addition,
groundwater levels or the presence of groundwater are considered to be dependent on
seasonal fluctuations in precipitation.

A more comprehensive description of what was encountered during the drilling process
may be found in the boring logs in Appendix .

5.0 ANALYSES AND RECOMMENDATIONS

Data obtained from the drilling and testing program have been used to determine the
shear strength parameters for the soil encountered at the site. These parameters have
been used to provide recommendations for the design of the retaining wall structures, as
well as the construction specifications related to the retaining wall systems and general
earthwork recommendations, which are discussed in the following paragraphs.

Design details of the proposed retaining walls were provided the Rii design team. It is
understood that the proposed retaining wall for Ramp F (Wall 1) will be a soil nail wall
type that will be constructed along the east side of the ramp to accommodate the
proposed widening. The proposed wall will be constructed in front of the existing forward
abutment of FRA-70-2293, and will require the existing spill through slope to be cut back.
Based on proposed plan and profile information provided, the wall height will vary from
approximately 5.0 feet to a maximum height of 15.0 feet. The limits of the proposed
retaining wall structure extend along the baseline of Ramp F from station 1533+25 to
station 1535+70, for a total length of approximately 245 feet.
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5.1 Soil Nail Wall Recommendations

The soil nail wall should be designed and constructed in compliance with the
specifications outlined in Section 11.12 of the 2020 AASHTO LRFD BDS and FHWA
Geotechnical Engineering Circular No. 7 (GEC 7) Soil Nail Walls (FHWA Publication No.
FHWA-NHI-14-007).

It should be noted that per ODOT SGE, borings for soil nail walls should be performed
both at the location of the wall as well as in the anchor zone. Boring B-001-1-19 was
performed in the anchor zone, but no borings were performed along the proposed wall
alignment. Therefore, considerations should be given to performing additional borings
along the wall alignment and in the anchor zone in order to evaluate soil conditions along
the entirety of the wall alignment.

5.1.1 Internal (Snail) Stability Analysis

The soil nail wall was analyzed for internal stability using the Snail software analysis
program developed by the California Department of Transportation. The shear strength
parameters and nominal bond stresses provided in Table 3 were utilized in the Snail
stability analysis for the soil nail wall.

Table 3. Shear Strength Parameters Utilized in Stability Analyses

. (1) (1) S, @ @)
Material Type Y g ¢ " qn
P (pef) () (psf) (psf) (psi)

Stiff to Very Stiff Silty Clay 1,200 to
(ODOT A-6b) 125 24 100 3,000 8.0

Very Stiff to Hard Silt and Clay 3,000 to
(ODOT A-6a) 130 26 150 4,000 10.0
Shale Bedrock 135 32 4,000 -—- 18.0

1. Strength parameters are based on Section 10.6.4.2 of the 2020 AASHTO LRFD BDS for
cohesive soils and engineering judgment.

2. Undrained shear strength based on SPT and HP values, Section 10.6.4.2 of the 2020 AASHTO
LRFD BDS and engineering judgment.

3. Per Table C11.9.4.2-2 and C11.9.4.2-3 from Section 11.12 of the 2020 AASHTO LRFD BDS.

The shear strength parameters for the natural soils were assigned using correlations
provided in Section 10.6.4.2 of the 2020 AASHTO LRFD BDS, and based on past
experience in the vicinity of the site with projects performed in similar subsurface profiles.
A drained cohesion of 100 to 150 psf was considered for the upper cohesive soil layers
to limit the length and diameter of the nails required. Based on the soil conditions
encountered in the borings, the consideration of this magnitude of drained cohesion is
reasonable based on testing results on undisturbed soil samples performed for adjacent
projects.
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Based on plan information provided, a vertical spacing of 3.0 feet and horizontal spacing
of 5.0 feet was utilized in the analysis, and an inclination of 15° from horizontal was
considered. The nominal bond strength for each soil and rock layer was determined from
Section 11.12 of the 2020 AASHTO LRFD BDS. Based on the conditions encountered in
the borings, the soils through which the nails will be installed will consist of stiff to hard
cohesive soils (ODOT A-6a and A-6b). An 8.0-inch diameter augered hole with a No. 8
steel reinforcement bar (1.0 in?) with 60 ksi yield strength was considered for the soil nail
cross section.

The internal stability was evaluated for a critical failure surface that intersected the toe of
the wall, as well as for the critical failure surface that passed below the toe of the wall. A
nail length of 30 feet was analyzed in order to meet stability requirements.

5.1.2 Pullout Capacity

The pullout capacity of a soil nail installed in a grouted nail hole is affected by the size of
the nail (i.e., perimeter and length) and the ultimate bond strength, ¢.. The bond strength
is the mobilized shear resistance along the soil-grout interface. The bond strength is rarely
measured in the laboratory and there is no standard laboratory testing procedure that can
be used to evaluate bond strength. Therefore, designs are typically based on
conservative estimates of the bond strength obtained from field correlation studies and
local experience in similar conditions. Tables C11.12.5.2-1 through C11.12.5.2-3 from
Section 11.12 of the 2020 AASHTO LRFD BDS, which reference Tables 4.4a, 4.4b, and
4.5 of GEC 7, provide typical values of the ultimate bond strength for drilled and grouted
nails installed in various soils and bedrock and using different drilling methods. As a result
of variability in the bond strength and dependency on the installation technique, the
contract specifications should include a requirement that some percentage of the soil nails
be load tested in the field to verify bond strength design.

Based on the conditions encountered in the borings, the soils through which the nails will
be installed will consist of cohesive soil comprised of stiff to hard cohesive soils (ODOT
A-6a and A-6b). Utilizing Table C11.12.5.2-2 from Section 11.12 of the 2020 AASHTO
LRFD BDS for fine-grained soils comprised of stiff clay, a nominal bond strength of 8.0 to
10.0 psi (1,152 to 1,440 psf) for the cohesive soils was utilized for design of the soil nails.
Considering a drilled diameter of 8.0 inches, a nominal pullout capacity of 2.41 and 3.02
kips per lineal foot (kIf) was utilized in the analysis.
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5.1.3 Sliding Stability

Sliding stability analysis considers the ability of the soil nail wall to resist sliding along the
base of the retained system in response to lateral earth pressures behind the soil nails.
Sliding failure may occur when additional lateral earth pressures, mobilized by the
excavation, exceed the sliding resistance along the base. The sliding resistance consists
of two shear strength components, cohesion and internal friction angle as defined in
Section 10.6.3.4 of the 2020 AASHTO LRFD BDS. For long-term stability, the effective
friction angle, @’, provided in Table 3 for the appropriate soil type, should be used for
design. For short-term stability, the undrained shear strength, S., provided in Table 3
should be used for design where cohesive soils are present along the base of the wall,
and the effective friction angle should be used where granular soils are present.
Recommended earth pressure coefficients for the soils encountered at the site are
presented in Table 6 and Table 7 in Section 5.2.

Due to the required length of the soil nails for internal stability, the overall mass
considered for sliding stability was determined by projecting the proposed 2:1 backslope
behind the wall up to intersect with the roadway. For this scenario, it is considered that
the soil nails will not provide any contribution to the stability of the sliding mass. Based on
the soil mass considered and utilizing the soil parameters listed in Section 5.1.1 for the
retained embankment material, the resultant horizontal forces on the back of the soil nail
wall will not exceed the factored shear resistance at the strength limit state under drained
and undrained conditions.

5.1.4 Bearing Capacity (Basal Heave)

Bearing capacity analyses are routinely not necessary for cases where soft soils (e.g.,
S. < 500 psf) are not present at the bottom of the excavation. An exception to this general
rule-of-thumb is when large loads are imposed behind the proposed soil nail wall. For this
case, since the retaining wall will be supporting the soil beneath a bridge foundation
element, a bearing capacity analysis is recommended regardless of the soil conditions.
The bearing capacity should be evaluated using the methodology outlined in Section 5.6.6
of GEC 7 using the undrained shear strength parameters provided in Table 3.

Due to the required length of the soil nails for internal stability, the overall mass
considered for bearing stability was determined by projecting the proposed 2:1 backslope
behind the wall up to intersect with the roadway. Rii performed a verification of the bearing
pressure exerted on the subgrade material for the height and width of soil mass
considered. Based on the soil mass considered, the factored equivalent bearing pressure
exerted below the wall will not exceed the factored bearing resistance at the strength
limit state under drained or undrained conditions.
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5.1.5 Global Stability

A slope stability analysis was performed to check the global stability of the wall along the
alignment. As per the 2020 AASHTO LRFD BDS, safety against soil failure shall be
evaluated at the service limit state. Soil parameters utilized in global stability analysis are
presented in Section 5.1.1. The computer software program Slide manufactured by
Rocscience Inc. was utilized to perform the analysis.

Per Section 11.6.3.7 of the 2020 AASHTO LRFD BDS, overall (global) stability for
retaining walls that are integrated with or supporting structural foundations or elements is
satisfied if the product of the factor of safety from the slope stability output multiplied by
the resistance factor ¢=0.65 is greater than 1.0. Therefore, global stability is satisfied
when a minimum factor of safety of 1.5 is obtained. Based on the soil nail configuration,
the resulting factor of safety under drained conditions (long-term stability) along the
alignment was greater than 1.5.

5.1.6 Corrosivity

Corrosivity testing was performed on samples retrieved from boring B-001-0-19 on
samples between the depths of 1.0 feet to 20.0 feet below existing grade. The pH of the
soils ranged was 7.49. The sulfate concentration 840 parts per million (ppm). The soluble
chloride ion content in the soil was 420 mg/kg. The resistivity of the soil 790 ohm-cm.
Based on the results of the resistivity, the correlation with ferrous metal and corrosivity
category is developed.

Table 4. Correlation between Electrical Resistivity and Corrosivity

Soil Resistivity (ohm — cm) Corrosivity Category
Greater than 10,000 Mildly corrosive
2,001 to 10,000 Moderately Corrosive
1,001 to 2,000 Corrosive
0 to 1,000 Severely Corrosive

1. Romanoff, Melvin. Underground Corrosion, NBS Circular 579. Reprinted by
NACE. Houston, TX, 1989, pp. 166-167

Based on soil resistivity testing, the soils for this project are considered severely
corrosive.
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Table 5. Soil Resistivity and Corrosivity Category

. Soil Resistivity Corrosivity
Borings / Sample (ohm-cm) Category

B-001-0-19 790 Severely
SS-1 through SS-10 Corrosive

In general, other factors, such as pH, sulfate and moisture content of the soil also affect
the corrosion rate of the soil nails. Results of the soil resistivity, sulfate content, and
chloride concentration indicate that these levels in the soil are severely corrosive. Based
on the results of the corrosivity testing performed, Rii recommends Class A bar
encapsulation corrosion protection in accordance with Section 11.12.8 of the 2020
AASHTO LRFD BDS.

5.1.7 Final Evaluation

Based on the results of the internal, external and global stability analysis performed for
the soil nail wall, the recommended minimum nail lengths are presented in Section 5.1.1.
Internal stability of the soil nail wall with a failure surface extending below the bottom of
the wall was the controlling factor in the determination of the recommended nail lengths.
Additionally, the controlling component in the internal stability analysis was pullout of the
nails. However, it should be noted that yielding of the bar steel may control if a lower
grade of steel than 60 ksi or smaller bar diameter is used in the final design.

Calculations for internal (Snail), external (bearing and sliding resistance) and global
(Slide) stability of the soil nail wall are provided in Appendix V.

5.2 Lateral Earth Pressure Parameters

For the soil types encountered in the borings, the “in-situ” unit weight (y), cohesion (c),
effective angle of friction (¢’), and lateral earth pressure coefficients for at-rest conditions
(ko), active conditions (k:), and passive conditions (k,) have been estimated and are
provided in Table 6 and Table 7.
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Table 6. Estimated Undrained Soil Parameters for Design

Soil Type Y (pcf) ' | ¢ (psf) 1) ka ko kp

Stiff Cohesive Soil 120 2,000 0° N/A | N/A | N/A

Very Stiff to Hard Cohesive Soil 125 3,000 0° N/A N/A N/A
Loose to Medium Dense Granular Soil 120 0 28° 0.32 | 0.53 | 5.07
Dense to Very Dense Granular Soil 130 0 34° 0.25 | 044 | 8.00
Compacted Cohesive Engineered Fill 120 2,000 0° N/A N/A N/A
Compacted Granular Engineered Fill 120 0 32° 0.27 | 047 | 6.82

1. When below groundwater table, use effective unit weight, y’ =y - 62.4 pcf and add hydrostatic
water pressure.

Table 7. Estimated Drained Soil Parameters for Design

Soil Type Y (pcf) ' | ¢ (psf) 0’ ka ko kp
Stiff Natural Cohesive Soll 112 0 25° 0.36 | 0.58 | 4.26
Very Stiff to Hard Natural Cohesive Soil 125 0 27° 0.33 | 0.55 | 4.80
Loose to Medium Dense Granular Soil 120 0 28° 0.32 | 0.53 | 5.07
Dense to Very Dense Granular Soll 130 0 34° 0.25 | 044 | 8.00
Compacted Cohesive Engineered Fill 120 0 30° 0.30 | 0.50 | 5.58
Compacted Granular Engineered Fill 120 0 32° 0.27 | 047 | 6.82

1. When below groundwater table, use effective unit weight, v’ =y - 62.4 pcf and add hydrostatic
water pressure.

These parameters are considered appropriate for the design of subsurface walls and
excavation support systems. Subsurface structures (where the top of the structure is
restrained from movement) should be designed based on at-rest conditions. For proposed
wing walls or temporary retaining structures (where the top of the structure is allowed to
move), earth pressure distributions should be based on active conditions (k.) and passive
pressure (k). The values in this table have been estimated from correlation charts based
on minimum standards specified for compacted engineered fill materials. These
recommendations do not take into consideration the effect of any surcharge loading or a
sloped ground surface (a flat surface is assumed). Earth pressures on excavation support
systems will be dependent on the type of sheeting and method of bracing or anchorage.
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In order to alleviate the build-up of hydrostatic pressure behind the walls, a minimum of
2.0 feet of clean free-draining granular fill (i.e., No. 57 gravel) should be placed full depth
behind the walls. If granular fill other than No. 57 gravel is used, it should not have more
than 8 percent (by weight) passing the No. 200 screen, and should be compacted to 95
percent of the maximum dry density as determined by the Standard Proctor Test (ASTM
D698). A perforated, corrugated drain tile, wrapped with filter fabric, should be placed
along the perimeter at the base of the walls for drainage purposes. A clay cap (minimum
1.0-foot thick) should be placed overtop the granular backfill to deter inflow of the surface
water. The drainage system should properly outlet to a sewer or to a properly sized sump
pump system.

Temporary retaining structures should be designed using the undrained soil parameters
provided in Table 6, and the design should follow all applicable guidelines for the type of
retaining structure utilized. Permanent retaining structures should be designed using the
drained soil parameters provided in Table 7. Regardless of whether the retaining structure
is temporary or permanent, the effective unit weight (y’ = y - 62.4 pcf) plus the hydrostatic
water pressure (y»*hw, Where A is the height of water behind the wall above the base of
the wall) should be utilized below the design groundwater level. The lateral earth pressure
coefficients should only be applied to the horizontal pressure resulting from the effective
overburden pressure, and should not be applied to the hydrostatic water pressure.

The 2.0 feet of free draining material placed behind the wall prevents the formation of
hydrostatic pressures as noted above. However, unless the free draining granular backfill
is placed beyond the slip plane (see Figure 1), it has no influence on the equivalent fluid
weight of the soil. If free-draining granular fill (meeting the requirements listed above) is
to be placed beyond the slip plane (p=45" for at-rest conditions; p=45°+¢/2 for active
conditions), the values presented for the compacted granular engineered fill can be
employed, consequently lowering the pressures on the wall.

Figure 1. Slip Plane

Backfill Rankine Zone with Select Backfill
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5.3 Construction Considerations

All site work shall conform to local codes, and to the latest ODOT CMS, including that all
excavation and embankment preparation and construction should follow ODOT Item 200
(Earthwork).

5.3.1 Excavation Considerations

All excavations should be shored / braced or laid back at a safe angle in accordance to
Occupational Safety and Health Administration (OSHA) guidelines. During excavation, if
slopes cannot be laid back to OSHA Standards due to adjacent structures or other
obstructions, temporary shoring may be required. The following table should be utilized
as a general guide for implementing OSHA guidelines when estimating excavation back
slopes at the various boring locations. Actual excavation back slopes must be field verified
by qualified personnel at the time of excavation in strict accordance with OSHA
guidelines.

Table 8. Excavation Back Slopes
Maximum Back

Soil Notes
Slope
Soft to Medium Stiff Cohesive 15:1.0 Above Ground Water Table
and No Seepage
Stiff Cohesive 10:10 Above Ground Water Table
and No Seepage
Very Stiff to Hard Cohesive 0.75:1.0 Above Ground Water Table

and No Seepage
1.5:1.0 None

Above Ground Water Table
and No Seepage
Above Ground Water Table
and No Seepage

All Granular & Cohesive Soil Below
Ground Water Table or with Seepage

Rock to 3.0' +/- below Auger Refusal 0.75:1.0

Stable Rock Vertical

5.3.2 Groundwater Considerations

Based on the groundwater observations made during drilling, groundwater seepage is not
anticipated during construction. Where groundwater is encountered, proper groundwater
control should be employed and maintained to prevent disturbance to excavation bottoms
consisting of cohesive soil, and to prevent the possible development of a quick or "boiling"
condition where soft silts and/or fine sands are encountered. It is preferable that the
groundwater level, if encountered, be maintained at least 36 inches below the deepest
excavation. Any seepage or groundwater encountered at this site should be able to be
controlled by pumping from temporary sumps. Additional measures may be required
depending on seasonal fluctuations of the groundwater level. Note that determining and
maintaining actual groundwater levels during construction is the responsibility of the
contractor.
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6.0 LIMITATIONS OF STUDY

The above recommendations are predicated upon construction inspection by a qualified
soil technician under the direct supervision of a professional geotechnical engineer.
Adequate testing and inspection during construction are considered necessary to assure
an adequate foundation system and are part of our recommendations.

The recommendations for this project were developed utilizing soil and bedrock
information obtained from the test borings that were made at the proposed site. At this
time we would like to point out that soil borings only depict the soil and bedrock conditions
at the specific locations and time at which they were made. The conditions at other
locations on the site may differ from those occurring at the boring locations.

The conclusions and recommendations herein have been based upon the available soil
information and the preliminary design details furnished by a representative of the owner
of the proposed project. Any revision in the plans for the proposed construction from those
anticipated in this report should be brought to the attention of the geotechnical engineer
to determine whether any changes in the foundation or earthwork recommendations are
necessary. If deviations from the noted subsurface conditions are encountered during
construction, they should also be brought to the attention of the geotechnical engineer.

The scope of our services does not include any environmental assessment or
investigation for the presence or absence or hazardous or toxic materials in the saill,
groundwater or surface water within or beyond the site studied. Any statements in this
report or on the test boring logs regarding odors, staining of soils or other unusual
conditions observed are strictly for the information of our client.

Our professional services have been performed, our findings obtained, and our
recommendations prepared in accordance with generally accepted geotechnical
engineering principles and practices. Resource International is not responsible for the
conclusions, opinions or recommendations made by others based upon the data included.
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APPENDIX |

VICINITY MAP AND BORING PLAN
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APPENDIX I

DESCRIPTION OF SOIL AND ROCK TERMS



The following terminology was used to describe soils throughout this report and is generally adapted from ASTM 2487/2488 and

DESCRIPTION OF SOIL TERMS

ODOT Specifications for Geotechnical Explorations.

Granular Soils - The relative compactness of granular soils is described as:

ODOT A-1, A-2, A-3, A-4 (non-plastic) or USCS GW, GP, GM, GC, SW, SP, SM, SC, ML (non-plastic)

Description
Very Loose
Loose

Medium Dense
Dense

Very Dense

Cohesive Soils - The relative consistency of cohesive soils is described as:

Blows per foot — SPT (Neo)

Below 5
5 - 10
11 - 30
31 - 50
Over 50

ODOT A-4, A-5, A-6, A-7, A-8 or USCS ML, CL, OL, MH, CH, OH, PT

Description
Very Soft

Soft

Medium Stiff
Stiff

Very Stiff
Hard

Gradation - The following size-related denominations are used to describe soils:

Soil Fraction

Boulders

Cobbles

Gravel coarse
fine

Sand coarse
medium
fine

Silt

Clay

Unconfined
Compression (tsf)

Less than 0.25
0.25 - 0.5
0.5 - 1.0
1.0 - 2.0
2.0 - 4.0
Over 4.0

USCS Size

Larger than 12"

12" to 3"

3"to %"

¥2"to 4.75 mm (34" to #4 Sieve)

4.75 mm to 2.0 mm (#4 to #10 Sieve)

2.0 mmto 0.42 mm (#10 to #40 Sieve)
0.42 mm to 0.074 mm (#40 to #200 Sieve)
0.074 mm to 0.005 mm (#200 to 0.005 mm)
Smaller than 0.005 mm

ODOT Size

Larger than 12"

12" to 3"

3" to ¥

%" to 2.0 mm (34" to #10 Sieve)

2.0 mm to 0.42 mm (#10 to #40 Sieve)
0.42 mm to 0.074 mm (#40 to #200 Sieve)
0.074 mm to 0.005 mm (#200 to 0.005 mm)
Smaller than 0.005 mm

Modifiers of Components - Modifiers of components are as follows:

Term Range

Trace 0% - 10%
Little 10% - 20%
Some 20% - 35%
And 35% - 50%

Moisture Table - The following moisture-related denominations are used to describe cohesive soils:

Term Range - USCS Range - ODOT

Dry 0% to 10% Well below Plastic Limit
Damp >2% below Plastic Limit Below Plastic Limit

Moist 2% below to 2% above Plastic Limit Above PL to 3% below LL
Very Moist >2% above Plastic Limit

Wet > Liquid Limit 3% below LL to above LL

Organic Content — The following terms are used to describe organic soils:

Term Organic Content (%)
Slightly organic 2-4

Moderately organic 4-10

Highly organic >10

Bedrock — The following terms are used to describe the relative strength of bedrock:

Description Field Parameter

Very Weak Can be carved with knife and scratched by fingernail. Pieces 1 in. thick can be broken by finger pressure.
Weak Can be grooved or gouged with knife readily. Small, thin pieces can be broken by finger pressure.

Slightly Strong Can be grooved or gouged 0.05 in deep with knife. 1 in. size pieces from hard blows of geologist hammer.
Moderately Strong Can be scratched with knife or pick. 1/4 in. size grooves or gouges from blows of geologist hammer.
Strong Can be scratched with knife or pick with difficulty. Hard hammer blows to detach hand specimen.

Very Strong Cannot be scratched by knife or pick. Hard repeated blows of geologist hammer to detach hand specimen.

Extremely Strong Cannot be scratched by knife or pick. Hard repeated blows of geologist hammer to chip hand specimen.



DESCRIPTION OF ROCK TERMS

The following terminology was used to describe the rock throughout this report and is generally adapted from ASTM D5878 and the
ODOT Specifications for Geotechnical Explorations.

Weathering — Describes the degree of weathering of the rock mass:

Description
Unweathered

Slightly Weathered

Moderately Weathered

Highly Weathered

Severely Weathered

Field Parameter

No evidence of any chemical or mechanical alteration of the rock mass. Mineral crystals have a
right appearance with no discoloration. Fractures show little or not staining on surfaces.

Slight discoloration of the rock surface with minor alterations along discontinuities. Less than 10%
of the rock volume presents alteration.

Portions of the rock mass are discolored as evident by a dull appearance. Surfaces may have a
pitted appearance with weathering “halos” evident. Isolated zones of varying rock strengths due to
alteration may be present. 10 to 15% of the rock volume presents alterations.

Entire rock mass appears discolored and dull. Some pockets of slightly to moderately weathered rock

may be present and some areas of severely weathered materials may be present.

Majority of the rock mass reduced to a soil-like state with relic rock structure discernable. Zones of
more resistant rock may be present but the material can generally be molded and crumbled by
hand pressures.

Strength of Bedrock — The following terms are used to describe the relative strength of bedrock:

Description
Very Weak

Weak
Slightly Strong

Moderately Strong

Strong
Very Strong

Extremely Strong

Field Parameter

Can be carved with knife and scratched by fingernail. Pieces 1 in. thick can be broken by finger
pressure.

Can be grooved or gouged with knife readily. Small, thin pieces can be broken by finger pressure.
Can be grooved or gouged 0.05 in deep with knife. 1 in. size pieces from hard blows of geologist
hammer.

Can be scratched with knife or pick. 1/4 in. size grooves or gouges from blows of geologist
hammer.

Can be scratched with knife or pick with difficulty. Hard hammer blows to detach hand specimen.
Cannot be scratched by knife or pick. Hard repeated blows of geologist hammer to detach hand
specimen.

Cannot be scratched by knife or pick. Hard repeated blows of geologist hammer to chip hand
specimen.

Bedding Thickness — Description of bedding thickness as the average perpendicular distances between bedding surfaces:

Description
Very Thick

Thick

Medium

Thin

Very Thin
Laminated
Thinly Laminated

Fracturing —

Degree of Fracturing
Description
Unfractured

Intact

Slightly Fractured
Moderately Fractured

Thickness

Greater than 36 inches
18 to 36 inches

10 to 18 inches

2 to 10 inches

0.4 to 2 inches

0.1 to 0.4 inches

Less than 0.1 inches

Describes the degree and condition of fracturing (fault, joint, or shear):

Spacing

Greater than 10 feet
3to 10 feet

1 to 3 feet

Aperture Width Surface Roughness

Description Width Description Criteria

Open Greater than 0.2 inches Very Rough Near vertical steps and ridges occur on surface

Narrow 0.05to 0.2 inches Slightly Rough Asperities on the surfaces distinguishable

Tight Less than 0.05 inches Slickensided Surface has smooth, glassy finish, evidence of Striations
ROD — Rock Quality Designation (calculation shown in report) and Rock Quality (ODOT, GB 3, January 13, 2006):

RQOD % Rock Index Property Classification (based on RQD, not slake durability index)

0-25% Very Poor

26 — 50% Poor

51 —70% Fair

71— 85% Good

86 — 100% Very Good



CLASSIFICATION OF SOILS

Ohio Deparfment of Transporfation

(The classification of a soil is found by proceeding from top to boftom of the chart.
The Tirst classification That The Test data Tifs is The correctT classification.)

Classifeation LLg/LL % % Liquid PlasTic Group
SYMBOL DESCRIPTION . Pass Pass Limit Index Index REMARKS
AASHTO | OHIO | x 100 #40 #200 (N (PD Max.

s o 5 Min. of 50%
© 0O O Gravel and/or Al 30 15 6 0 combined gravel,
80 00| Stone Fragments a Max . Max . Max. cobble and

0Q0Q boulder sizes
o
NO-.9 Gravel and/or Stone A-1-b 50 25 6 0
.'OO'O"O Fragments with Sand Max . Max . Max .

. 51 10
Fine Sand A-3 : NON-PLASTIC 0
Min. Max .
Min. of 50%
. - _ 35 6 combined coarse
Coarse and Fine Sand A-3a Max . Max. 0 and fine sand
sizes
KRR A-2-4 0
o< Gravel and/or Stone Fragments 35 Max. 10
AT Y| with sond ond silt Max . 7 Max . 0
NARS D A-2-5 ;
Min
0 A-2-6 40
0TS 0+ Gravel and/or Stone Fragments 35 Max. 1 p
S=-5°2 with Sand, Silt and Clay Max . a4 Min.
= A-2-7 .
T Min.
) ) . 76 35 40 10 Less Than
Sandy SilT Ad Anda Min. Min. Max . Max . 8 50% silT sizes

+ o+ + +
++ + + . 76 50 40 10 50% or more
4 ST A4 | Adb Min. Min. Max . Max. 8 silT sizes
+ 4+ +

. ) 76 365 41 10
ElasTic Silt and Clay A-5 Min. Min. Min. Mox . 12
i - B 76 36 40 -
Silt and Clay A-6 A-6a Min. Min. Max . 1mn-15 10
. . ) 76 36 40 16
SilTy Clay A6 A-Bb Min. Min. Max. Min. 16
. . 76 36 4 <
Elastic Clay A-7-5 Min. Min. Min. 2LL-30 20
Clay . 7% 36 41 )
A-7-6 Min. Min. Min. PLE-30 20
ij: 5 36 W/o organics
Organic Silt A-8 A-8a . would classify
ij: Max. Min. as A-4a or A-4b
W/o0 organics
Organic Cla _ _ 5 36 would classify as
g y A-8 A-8b Mox . Min. A-5, A-6a, A-Bb,
A-7-5 or A-7-6

MATERIAL CLASSIFIED BY VISUAL INSPECTION

=~ Sod and Topsoil Al SV ™"
<« Y, v| Unconfrolled = = ® Bouldery Zone e Peat
XXXX Pavement or Base s N A | Fill (Describe) pm_u
Q < L l.l.l

* Only perform The oven-dried liquid limiT tesT and This calculafion if organic material is present in the sample.
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PROJECT BORING LOGS



AS
Gl

HP
LLo

LOI
PID
QR

Qu

RC
REC
RQD

SPT

Neo

SS
28

3S
TR
w
v

BORING LOGS

Definitions of Abbreviations

Auger sample
Group index as determined from the Ohio Department of Transportation classification system
Unconfined compressive strength as determined by a hand penetrometer (tons per square foot)

Oven-dried liquid limit as determined by ASTM D4318. Per ASTM D2487, if LLo/LL is less than 75
percent, soil is classified as “organic”.

Percent organic content (by weight) as determined by ASTM D2974 (loss on ignition test)
Photo-ionization detector reading (parts per million)

Unconfined compressive strength of intact rock core sample as determined by ASTM D2938 (pounds per
square inch)

Unconfined compressive strength of soil sample as determined by ASTM D2166 (pounds per square
foot)

Rock core sample
Ratio of total length of recovered soil or rock to the total sample length, expressed as a percentage

Rock quality designation — estimate of the degree of jointing or fracture in a rock mass, expressed as a
percentage:

Z segments equal to or longer than 4.0 inches
core runlength

x100

Sulfate content (parts per million)

Standard penetration test blow counts, per ASTM D1586. Driving resistance recorded in terms of blows
per 6-inch interval while letting a 140-pound hammer free fall 30 inches to drive a 2-inch outer diameter
(O.D.) split spoon sampler a total of 18 inches. The second and third intervals are added to obtain the
number of blows per foot (Nm).

Measured blow counts corrected to an equivalent (60 percent) energy ratio (ER) by the following
equation: Neo = Nm*(ER/60)

Split spoon sample

For instances of no recovery from standard SS interval, a 2.5 inch O.D. split spoon is driven the full
length of the standard SS interval plus an additional 6.0 inches to obtain a representative sample. Only
the final 6.0 inches of sample is retained. Blow counts from 2S sampling are not correlated with Neo
values.

Same as 28, but using a 3.0 inch O.D. split spoon sampler.
Top of rock
Initial water level measured during drilling

Water level measured at completion of drilling

Classification Test Data

Gradation (as defined on Description of Soil Terms):

GR
SA
S

CL

% Gravel
% Sand
% Silt

% Clay

Atterberg Limits:

LL
PL
PI

wcC

Liquid limit
Plastic limit
Plasticity Index

Water content (%)



RESOURCE INTERNATIONAL, INC.

PROJECT:
» TYPE:

FRA-070-22.85

RETAINING WALL

PID:

98232

SFN: N/A

START:

8/4/20 END: 8/4/20

DRILLING FIRM / OPERATOR:
SAMPLING FIRM / LOGGER:

RIl/LH
RIl/ JK

DRILL RIG: CME 55 (386345)

STATION / OFFSET:

HAMMER: AUTOMATIC

DRILLING METHOD:

3.25" HSA

ALIGNMENT:

CALIBRATION DATE: 9/4/18

SAMPLING METHOD:

SPT

ENERGY RATIO (%): 90

1029+65.04 / 6.1' RT

EXPLORATION ID

BL RAMP D2

B-001-0-19

ELEVATION:

803.4 (MSL)

EOB:

38.7 ft.

PAGE

LAT / LONG:

39.934994, -82.848710

10F 2

MATERIAL DESCRIPTION
AND NOTES

ELEV.
803.4

DEPTHS

SPT/
RQD

NGU

REC
(%)

SAMPLE
1D

HP
(tsf)

GRADATION (%)

ATTERBERG

GR

CS

FS

S|

CL

LL

PL

Pl

wcC

oDoT
CLASS (GI)

BACK
FILL

1.0' - ASPHALT (12.0")

802.4

0.3' - AGGREGATE BASE (4.0")

802.1

FILL: STIFF TO VERY STIFF, BROWN, GRAY AND DARK
BROWN SILTY CLAY, SOME COARSE TO FINE SAND,

TRACE FINE GRAVEL, DAMP TO MOIST.

-TRACE LIMESTONE FRAGMENTS IN SS-9

780.4

00-2021 NEW STA ODOT BORING LOG (8.5X11) - OH DOT.GDT - 4/4/22 11:27 - U:\GI8\PROJECTS\2017\W-17-140.GPJ

VERY STIFF TO HARD, BROWN, GRAY AND DARK
BROWN TO BLACK SILT AND CLAY, SOME COARSE TO
FINE SAND, TRACE FINE GRAVEL, DAMP TO MOIST.

-LIMESTONE FRAGMENTS IN SS-10

-SHALE FRAGMENTS IN SS-11
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-
o
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I
-
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I
-
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I
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-
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-
~
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N
®

I
-
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I
N
o

I
N
=

I
N
N

I
N
w

I
N
N

I
N
(S,

I
N
(]

I
N
X

I
N
[e¢]

I
N
©

7 18

50

SS-1

4.00

18

A-6b (V)

3 11

44

SS-2

2.00

24

A-6b (V)

4 14

58

SS-3

2.75

20

A-6b (V)

4 15

69

SS-4

3.00

16

14

30

33

37

19

18

18

A-6b (9)

6 20

92

SS-5

3.50

15

A-6b (V)

8 27

33

SS-6

3.50

13

A-6b (V)

9 29

67

SS-7

3.00

20

B
A-6b (V) Z@e%
SN
Bl

15 | 44

61

SS-8

3.00

14

38

Y|

38

19

19

17

A-6b (12)

15 | 59

33

SS-9

3.25

14

A-6b (V)

11 36

44

SS-10

3.00

11

16

37

34

29

16

13

A-6a (8)

Pl o722 | >

13 | 35

44

SS-11

10

A-6a (V)

ENASY




PID: 98232 |SFN: PROJECT: FRA-070-22.85 | STATION / OFFSET: 102965.04, 6' RT. | START: _8/4/20 | END: _ 8/4/20 | PG20OF2| B-001-0-19
MATERIAL DESCRIPTION ELEV. DEPTHS SPT/| \ |REC|SAMPLE| HP | GRADATION (%) |ATTERBERG opboT | BACK
AND NOTES 773.4 RQD | ™ | (%) ID (sf)fer|cs|Fs | s |co|w [P | P | wc |CLASS@E) | FILL
VERY STIFF TO HARD, BROWN, GRAY AND DARK C ] T <
BROWN TO BLACK SILT AND CLAY, SOME COARSE TO L 31— b A
FINE SAND, TRACE FINE GRAVEL, DAMP TO MOIST. V 77181 - 5
(continued) — 32 — > P
C an < <
7699 | . [337] S
SHALE : BLACK, HIGHLY WEATHERED. ] L 10 i<
34 1 17 |60 |69 | ss12 | - | - |- |-|-|-|-|-|-]|8 |Rock(v) P cZ4
C 23 s
35
W 76741 oo
=| 76456 — 38
a - EOB—-= BR03" A - AT00A SST3 A - A - A - A-A-A-A-A-A- XT3 ARock(V)/

00-2021 NEW STA ODOT BORING LOG (8.5X11) - OH DOT.GDT - 4/4/22 11:27 - U:\GI8\PROJECTS\2017\W-17-140.GPJ

NOTES: GROUNDWATER ENCOUNTERED INITIALLY @ 36.0' AND AT COMPLETION @ 31.6'; CAVE-IN DEPTH @ 34.8'

ABANDONMENT METHODS, MATERIALS, QUANTITIES: BACKFILLED WITH 50 LBS. BENTONITE CHIPS AND SOIL CUTTINGS. .




RESOURCE INTERNATIONAL, INC.

PROJECT:

FRA-070-22.85

» TYPE:

ROADWAY

PID: 98232

SFN:

START: 11/30/21

END: 11/30/21

DRILLING FIRM / OPERATOR:
SAMPLING FIRM / LOGGER:

RI/TG
RIl/MJ

DRILL RIG:
HAMMER:

DRILLING METHOD:

3.25" HSA

SAMPLING METHOD:

SPT

MOBILE B53 (SN 386345)

STATION / OFFSET:

AUTOMATIC

ALIGNMENT:

CALIBRATION DATE:

9/14/20
83.6

ENERGY RATIO (%):

1028+80.78 / 17.2' RT

BL RAMP D2

ELEVATION:

779.9 (MSL)

EOB:

21.4 ft.

EXPLORATION ID
B-001-8-21
PAGE

LAT / LONG:

39.934761, -82.848719

10F 1

MATERIAL DESCRIPTION
AND NOTES

ELEV.
779.9

DEPTHS

SPT/

RQD | Neo

REC
(%)

SAMPLE
1D

HP
(tsf)

GRADATION (%)

ATTERBERG

GR

CS| FS | SI | CL

LL | PL Pl wcC

oDoT
CLASS (GI)

BACK
FILL

6.0" - TOPSOIL

779.4

MEDIUM DENSE, DARK BROWN GRAVEL WITH SAND,
SILT, AND CLAY, MOIST.

7754

RN

SHALE : DARK GRAY, HIGHLY WEATHERED.

SHALE : BLACK, SLIGHTLY WEATHERED, SLIGHTLY
STRONG, THIN BEDDED, FISSILE, FRACTURED,
NARROW, SLIGHTLY ROUGH,
BLOCKY/DISTURBED/SEAMY, GOOD.

-CLAY SEAMS PRESENT THROUGHOUT

1 768.5

4 758.5

© 00 N o O »~ W N

-
o

EOR.

4 | 15

89

SS-1 -

A-2-6 (V) Zjﬁ

7 22

75

SS-2A -

40

131122114

2817|111 ] 14

A-2-6 (0) |5 25 L

SS-2B -

Rock (V) s L2

27 | 70

100

SS-3 -

Rock (V) jéég

50/5"

100

sS4 | -

Rock (V) #

0/5" -

100

SS-5 -

Rock (V)

84

NQ-6

CORE

96

NQ-7

CORE

00-2021 NEW STA ODOT BORING LOG (8.5X11) - OH DOT.GDT - 4/8/22 15:09 - U:\GI8\PROJECTS\2017\W-17-140.GPJ

=0 =)

NOTES: GROUNDWATER NOT ENCOUNTERED DURING DRILLING

ABANDONMENT METHODS, MATERIALS, QUANTITIES: COMPACTED WITH THE AUGER 25 LB. BENTONITE CHIPS AND SOIL CUTTINGS .
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APPENDIX IV

HISTORIC BORING LOGS



Date Completed_E=2=67 __  Cosing: Lang.200____ Dio_23/2"
Boring Mo, Bl Swfion 8 Offser 1028+78, 28' L4, (5th Pier)
Std. Pen.| Rec. | L

AH) f&fl fo;ml : Description

Browm Clayey Sandy Gravel

Broun 8ilty Sspdy Gravsl
Brows Bavfly Gravel (Wssh Sample)
Brawn Band~ (Wesh Sempls) {(Oample Heaved 4' in Uaming)

Brown Gravelly Sand (Wash Sample)
Gray 5414y Sandy Gravel




APPENDIX V

CORROSIVITY TEST RESULTS
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RESOURCE INTERNATIONAL, INC.
Engineering Consultants

6350 Presidential Gateway
Columbus, Ohio 43231
Telephone: (614) 823-4949
Fax Number: (614) 823-4990

Project Name: FRA-070-22.85 Date: 3/31/2022
Project No.: W-17-140 Tested by: EM
Boring: B-001-0-19
pH of Soils
(ASTM D4972 - Method A)
Sieve # 10: X
. Depth . pH in calcium Temp.
Boring ID Sample ID (feet) pH in water chloride sol. ©)
Composite | o5 915559 | 1.0-20.0 8.05 7.49 222
Sample




\K‘:.SUU
Him
Ce

RESOURCE INTERNATIONAL, INC.
Engineering Consultants

Project Name: FRA-070-22.85

Project No.:
Boring:

W-17-140

B-001-0-19

6350 Presidential Gateway
Columbus, Ohio 43231
Telephone: (614) 823-4949
Fax Number: (614) 823-4990

Date: 3/31/2022

Tested by: EM

Minimum Laboratory Soil Resistivity (AASHTO T-288)

. Depth Resistivity
Boring ID Sample ID (feet) (ohm/cm)
Composite | oo 1 15 559| 1.0-20.0 790

Sample
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- RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Project Name: FRA-070-22.85
Project No.:  W-17-140

Boring:

FV4-642

B-001-0-19

6350 Presidential Gateway
Columbus, OH 43231
Phone: (614) 823-4949
Fax: (614) 823-4990

Date: 3/31/2022
Tested by: EM

Testing for Sulfate Content in Soil (ODOT S 1122)

Depth
Boring ID Sample ID Sulfate content
(feet) (ppm)
Composite | oo 115859 | 1.0-20.0 840
Sample

November 20, 2012
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RESOURCE INTERNATIONAL, INC.

Engineering Consultants

Project Name: FRA-070-22.85

Project No.: W-17-140

Boring: B-001-0-19

6350 Presidential Gateway
Columbus, Ohio 43231
Telephone: (614) 823-4949
Fax Number: (614) 823-4990

Date: 3/31/2022

Tested by: EM

Measurement of Oxidation-Reduction Potential (ORP) of Soil
(ASTM C1498 1:1 soil in water mixture)

. Depth ORP
Boring ID Sample ID
9 P (feet) (mV)
Composite  1oq 1 1555.9|  1.0-20.0 216
Sample
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Project Name: FRA-070-22.85
W-17-140
B-001-0-19

Project No.:
Boring:

RESOURCE INTERNATIONAL, INC.

Engineering Consultants

6350 Presidential Gateway
Columbus, OH 43231
Phone: (614) 823-4949
Fax: (614) 823-4990

Date: 3/31/2022
Tested by: EM

Testing for Water-Soluble Chloride lon in Soil (AASHTO T-291)
Method of Testing: Method A

FV4-642

Depth Water-soluble
Boring ID Sample ID Chloride lon in
(feet) Soil (mg/kg)
composite | oq 1 1555.9 | 1.0-20.0° 420
Sample

November 20, 2012



APPENDIX VI

CALCULATIONS — WALL 1



Snail
Version: 2.2.2

Copyright® State of California.
All rights reserved.

File Information

File Name: FRA-70-22.85 Wall 1 - 4 rows, 15ft dek.snz
Run Date: 12/22/22
Run Time: 10:26:38

Project Information

Description: FRA-70-22.85

Location:

EA:

Project ID: W-17-140

Wall No.: 1

Structure No.:

Station:

Engineer: D. Karch
Designer

Comments:

Soil Nail wall analysis for B-001-0-19

Geometry

Layout:

Reference Point:

At: Toe of Wall

Distance From Origin: 0.00 feet

Elevation Above Origin: 776.60 feet

Wall Dimensions:

Wall Height: 15.00 feet
Facing Angle: 90.00 degrees
Facing Batter: 0.000 :12 H:V

Ground Surface:
Number of lines that define the ground surface above the wall: 3

Angle Distance

No. degrees feet
1 0 4.00
2 27 25.00
3 0

Number of lines that define the ground surface in front of the toe:

Angle Distance
No. degrees feet

1 0

Soil Layers:

Number of Layers: 3

Layers Below the Top Layer:

Coordinates of the Top of the Layer: feet

Point 1 Point 1 Point 2 Point 2
Layer Distance Elevation Distance Elevation
2 10.00 780.50 30.00 780.50
3 -40.00 770.00 30.00 770.00
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Ground Water:

Include Ground Water: Yes
Phreatic Correction: Yes
Number of Points: 1
Distance Elevation
No. feet feet
1 771.50

Soil Nails

Dimensions and Properties:

Maximum Vertical Spacing: 3.00 feet
Number of Soil Nail Rows: 4
Soil Nail Design Parameters: Uniform Throughout Cross-Section
Soil Nail Length: 30.00 feet
Inclination From Horizontal: 15 degrees
Vertical Distance from Top of Wall
to First Row: 3.50 feet
Vertical Spacing: 3.00 feet
Horizontal Spacing H: 5.00 feet
Nail Bar Diameter @: 1.000 inches
Nail Bar Yield Strength fy: 60.0 ksi
Facing Resistance:
Temporary Permanent Seismic
LRFD Factored Facing Resistance: 27.2 36.8 36.8 kips

Soil Properties

Unit Weight Friction Angle Cohesion
Y (pl cl
Layer Description pcf degrees psf
1 Embankment Fill 125 24.0 100
2 V. Stiff Till 130 26.0 150
3 Shale 135 32.0 4000
Loads
Applied Loads:
Seismic:
Horizontal Seismic Coefficient Kh:
External Load:
Apply external load: No
Surcharges:
Apply surcharges: Yes
Distance from Top of Wall Load Load
Begin End Begin End
No. feet feet psf psf
1 27.00 55.00 250 250

Load and Resistance Factors

Load Factors:

Apply Load Factors to: Soil Nail Tensile Force (FHWA GEC No. 7 2015)

Temporary Permanent Seismic

Soil Nail Tensile Force:

Resistance Factors:

1.35 1.35 1.00

Page 2 of 8



Temporary Permanent Seismic

Pullout (Distal): 0.65 0.65 0.65
Pullout (Proximal) : 0.65 0.65 0.65
Nail Bar Yield: 0.75 0.75 0.75
Cohesion: 0.75 0.65 0.90
Friction Angle: 0.75 0.65 0.90

Search Options

Search Limits:

Begin: 3.00 feet
End: 55.00 feet

Below Toe Searches (BTS):

Perform below Toe Search: Yes
Number of BTS Points: 5

BTS Depth: 7.00 feet
Interface Friction

Reduction Factor: 0.33

Advanced Search Options:

Use Advanced Search Options: Yes
Inclination of Interslice Force: Use Average Failure Angle

Results
Analysis:
Method: LRFD
Scenario: Permanent
Capacity/Demand Ratio:
Minimum: 1.01
Found at Search Point: 10
Found at Grid Point: 11
Found at Search Level: 5.60 feet below the toe of the wall
Load at Soil Nail Head:
Calculated Service Load at Soil Nail Head (Empirical), To: 14.2 kips
Load Factor x To = To_factored: 19.1 kips
Factored Facing Resistance, F_factored (Entered): 36.8 kips

F_factored 2 To_factored OK
Nominal Pullout Resistance:

Nominal Pullout Resistance

Layer Description k1f
1 Embankment Fill 2.413
2 V. Stiff Till 3.016
3 Shale 5.429

Results by Search Level:
** Indicates Minimum Capacity/Demand Ratio:

Search Level: At the toe of the wall Facing Design Force = 18.7 kips (Clouterre)

| | | | Failure Planes | Reinforcement
‘ ‘ Minimum ‘ Distance ‘ Lower | Upper ‘ | |
Capacity| From Toe Controlling
Search | Demand of Wall Angle | Length | Angle | Length Stress | Resistance
|Point | Ratio | feet | degrees | feet | degrees | feet | Level | ksi | Failure Mode |
1 1.09 3.00 29.05 3.09 88.73 13.50 1 33.3 Bar Yield
2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield
2 1.85 8.20 34.87 3.00 69.59 16.46 33.3 Bar Yield

1

2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield
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3 2.60 13.40 36.44 6.66 63.08 17.76 1 32.2 Pullout
2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield
4 2.19 18.60 0.00 9.30 67.49 24.29 1 25.2 Pullout
2 31.2 Pullout
3 33.3 Bar Yield
4 33.3 Bar Yield
5 2.02 23.80 0.00 7.14 56.41 30.12 1 25.4 Pullout
2 32.3 Pullout
3 33.3 Bar Yield
4 33.3 Bar Yield
6 1.63 29.00 0.00 8.70 52.39 33.26 1 22.3 Pullout
2 29.5 Pullout
3 33.3 Bar Yield
4 33.3 Bar Yield
7 1.42 34.20 0.00 6.84 43.92 37.99 1 22.1 Pullout
2 30.1 Pullout
3 33.3 Bar Yield
4 33.3 Bar Yield
8 1.33 39.40 0.00 7.88 39.90 41.08 1 19.5 Pullout
2 28.0 Pullout
3 33.3 Bar Yield
4 33.3 Bar Yield
9 1.29 44.60 0.00 8.92 36.45 44.36 1 17.1 Pullout
2 25.9 Pullout
3 32.5 Pullout
4 33.3 Bar Yield
10 1.34 49.80 0.00 14.94 37.09 43.70 1 10.5 Pullout
2 18.5 Pullout
3 24.1 Pullout
4 33.3 Bar Yield
11 1.34 55.00 0.00 16.50 34.39 46.65 1 8.0 Pullout
2 15.7 Pullout
3 21.7 Pullout
4 33.3 Bar Yield
Search Level: 1.40 feet below the toe of the wall Facing Design Force = 18.7 kips (Clouterre)
| | | Failure Planes | Reinforcement
‘ ‘ Minimum ‘ Distance Lower Upper ‘ | |
Capacity| From Toe Controlling
Search Demand of Wall Angle | Length Angle | Length Stress Resistance
|Point | Ratio | feet degrees | feet | degrees | feet | Level | ksi | Failure Mode |
1 1.08 3.00 57.37 3.89 86.08 13.15 1 33.3 Bar Yield
2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield
2 1.49 8.20 20.65 5.26 78.88 17.01 1 33.3 Bar Yield
2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield
3 1.60 13.40 21.57 5.76 67.14 20.70 1 31.0 Pullout
2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield
4 1.56 18.60 23.13 6.07 58.75 25.10 1 28.9 Pullout
2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield
5 1.71 23.80 41.68 31.87 -90.00 5.30 1 27.6 Pullout
2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield
6 1.47 29.00 40.38 34.26 62.41 6.26 1 26.9 Pullout
2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield

Page 4 of 8



7 1.30 34.20 0.00 6.84 45.41 38.97 1 20.9 Pullout
2 28.8 Pullout
3 33.3 Bar Yield
4 33.3 Bar Yield
8 1.20 39.40 0.00 11.82 45.18 39.12 1 14.8 Pullout
2 22.7 Pullout
3 27.2 Pullout
4 31.7 Pullout
9 1.16 44.60 0.00 13.38 41.63 41.77 1 11.8 Pullout
2 19.4 Pullout
3 24.4 Pullout
4 29.3 Pullout
10 1.18 49.80 0.00 9.96 34.86 48.55 1 13.1 Pullout
2 22.1 Pullout
3 28.0 Pullout
4 33.3 Bar Yield
11 1.19 55.00 0.00 11.00 32.24 52.02 1 10.8 Pullout
2 19.6 Pullout
3 26.0 Pullout
4 32.4 Pullout
Search Level: 2.80 feet below the toe of the wall Facing Design Force = 18.7 kips (Clouterre)
| | | | Failure Planes | Reinforcement
‘ ‘ Minimum ‘ Distance ‘ Lower | Upper ‘ | |
Capacity| From Toe Controlling
Search | Demand of Wall Angle | Length | Angle | Length Stress | Resistance
|Point | Ratio | feet | degrees | feet | degrees | feet | Level | ksi | Failure Mode |
1 1.11 3.00 52.82 4.47 88.79 14.24 1 33.3 Bar Yield
2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield
2 1.29 8.20 44.21 5.72 75.59 16.47 1 33.3 Bar Yield
2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield
3 1.54 13.40 22.85 5.82 68.42 21.86 1 30.6 Pullout
2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield
4 1.45 18.60 18.74 7.86 63.84 25.31 1 26.7 Pullout
2 33.0 Pullout
3 33.3 Bar Yield
4 33.3 Bar Yield
5 1.33 23.80 21.34 7.67 56.43 30.13 1 25.4 Pullout
2 32.3 Pullout
3 33.3 Bar Yield
4 33.3 Bar Yield
6 1.19 29.00 18.52 9.18 52.27 33.17 1 22.4 Pullout
2 29.6 Pullout
3 33.3 Bar Yield
4 33.3 Bar Yield
7 1.12 34.20 23.08 7.44 43.80 37.91 1 22.2 Pullout
2 30.2 Pullout
3 33.3 Bar Yield
4 33.3 Bar Yield
8 1.09 39.40 20.30 8.40 39.77 41.01 1 19.6 Pullout
2 28.1 Pullout
3 33.3 Bar Yield
4 33.3 Bar Yield
9 1.11 44.60 18.10 9.38 36.33 44.29 1 17.2 Pullout
2 26.1 Pullout
3 32.7 Pullout
4 33.3 Bar Yield
10 1.11 49.80 0.00 14.94 39.90 45.44 1 7.5 Pullout
2 14.2 Pullout
3 19.4 Pullout
4 24.6 Pullout
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11 1.11 55.00 0.00 16.50 37.13 48.29 1 4.6 Pullout
2 11.0 Pullout
3 16.6 Pullout
4 22.2 Pullout
Search Level: 4.20 feet below the toe of the wall Facing Design Force = 16.7 kips (Clouterre)
| | | | Failure Planes | Reinforcement
‘ ‘ Minimum ‘ Distance ‘ Lower Upper ‘ | |
Capacity| From Toe Controlling
Search Demand of Wall Angle | Length Angle | Length Stress Resistance
|Point | Ratio | feet | degrees | feet | degrees | feet | Level | ksi | Failure Mode |
1 1.17 3.00 64.89 6.36 88.72 13.44 1 33.3 Bar Yield
2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield
2 1.26 8.20 33.05 7.83 84.51 17.15 1 33.2 Pullout
2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield
3 1.29 13.40 35.61 8.24 70.76 20.33 1 29.9 Pullout
2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield
4 1.42 18.60 25.52 6.18 61.50 27.28 1 27.7 Pullout
2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield
5 1.30 23.80 22.30 7.72 57.71 31.18 1 24.7 Pullout
2 31.5 Pullout
3 33.3 Bar Yield
4 33.3 Bar Yield
6 1.17 29.00 19.35 9.22 53.56 34.18 1 21.6 Pullout
2 28.7 Pullout
3 33.3 Bar Yield
4 33.3 Bar Yield
7 1.08 34.20 16.58 10.71 48.95 36.46 1 18.2 Pullout
2 25.7 Pullout
3 30.6 Pullout
4 33.3 Bar Yield
8 1.03 39.40 14.49 12.21 44.91 38.94 1 15.0 Pullout
2 23.0 Pullout
3 27.6 Pullout
4 32.1 Pullout
9 1.02 44.60 12.86 13.72 41.37 41.60 1 12.0 Pullout
2 19.8 Pullout
3 24.8 Pullout
4 29.8 Pullout
10 1.05 49.80 17.05 10.42 34.61 48.41 1 13.4 Pullout
2 22.5 Pullout
3 28.5 Pullout
4 33.3 Bar Yield
11 1.07 55.00 10.49 16.78 35.53 47.31 1 6.5 Pullout
2 13.7 Pullout
3 19.5 Pullout
4 27.2 Pullout
Search Level: 5.60 feet below the toe of the wall Facing Design Force = 14.2 kips (Clouterre)
| | | | Failure Planes | Reinforcement
‘ ‘ Minimum ‘ Distance ‘ Lower Upper ‘ | |
Capacity| From Toe Controlling
Search Demand of Wall Angle | Length Angle | Length Stress Resistance
|Point | Ratio | feet | degrees | feet | degrees | feet | Level | ksi | Failure Mode |
1 1.31 3.00 66.40 6.74 88.81 14.42 1 33.3 Bar Yield
2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield
2 1.30 8.20 50.95 11.71 86.56 13.67 1 32.8 Pullout
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2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield
3 1.33 13.40 32.28 9.51 75.22 21.01 1 28.6 Pullout
2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield
4 1.27 18.60 37.01 9.32 63.55 25.05 1 26.8 Pullout
2 33.1 Pullout
3 33.3 Bar Yield
4 33.3 Bar Yield
5 1.24 23.80 40.68 9.42 55.84 29.67 1 25.7 Pullout
2 32.6 Pullout
3 33.3 Bar Yield
4 33.3 Bar Yield
6 1.18 29.00 28.85 6.62 51.10 36.95 1 23.2 Pullout
2 30.5 Pullout
3 33.3 Bar Yield
4 33.3 Bar Yield
7 1.08 34.20 25.04 15.10 51.24 32.78 1 16.5 Pullout
2 23.9 Pullout
3 28.0 Pullout
4 33.3 Bar Yield
8 1.03 39.40 15.13 12.24 46.20 39.84 1 14.0 Pullout
2 21.5 Pullout
3 25.9 Pullout
4 30.3 Pullout
9 1.01 44.60 13.43 13.76 42.65 42.44 1 10.8 Pullout
2 18.1 Pullout
3 22.9 Pullout
4 27.7 Pullout
** 10 1.01 49.80 12.07 15.28 39.52 45.19 1 7.9 Pullout
2 14.8 Pullout
3 20.0 Pullout
4 25.3 Pullout
11 1.01 55.00 10.96 16.81 36.76 48.05 1 5.0 Pullout
2 11.7 Pullout
3 17.3 Pullout
4 23.0 Pullout

Search Level: 7.00 feet below the toe of the wall Facing Design Force = 15.9 kips (Clouterre)

| | | | Failure Planes | Reinforcement
‘ ‘ Minimum ‘ Distance ‘ Lower | Upper ‘ | |
Capacity| From Toe Controlling
Search | Demand of Wall Angle | Length | Angle | Length Stress | Resistance
|Point | Ratio | feet | degrees | feet | degrees | feet | Level | ksi | Failure Mode |
1 2.70 3.00 82.24 22.20 0.00 0.00 1 33.3 Bar Yield
2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield
2 4.54 8.20 0.00 2.46 76.63 24.81 1 33.3 Bar Yield
2 33.3 Bar Yield
3 33.3 Bar Yield
4 33.3 Bar Yield
3 3.18 13.40 12.52 12.35 86.82 24.15 1 25.1 Pullout
2 29.6 Pullout
3 31.7 Pullout
4 32.0 Pullout
4 2.33 18.60 14.78 11.54 74.32 27.52 1 22.5 Pullout
2 28.0 Pullout
3 30.8 Pullout
4 32.3 Pullout
5 1.65 23.80 47.17 35.01 -90.00 6.42 1 23.6 Pullout
2 31.3 Pullout
3 33.3 Bar Yield
4 33.3 Bar Yield
6 1.46 29.00 37.48 10.96 52.73 33.52 1 22.1 Pullout
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RESOURCE INTERNATIONAL, INC.
6350 PRESIDENTIAL GATEWAY
COLUMBUS, OHIO 43231
PHONE: (614) 823-4949
FAX: (614) 823-4990
WWW.RESOURCEINTERATIONAL.COM

JOB FRA-70-22.85 NO. W-17-140
SHEET NO. 1 oF 4

CALCULATED BY MDK DATE 2/2/2021
CHECKED BY BRT DATE 2/3/2021

RETAINING WALL 1 - SoOIL NAIL WALL

EXTERNAL STABILITY

Retaining Wall 1 - Broken Backslope - 15.0 ft. Wall Height - B-001-0-19

< z=meor—= | [ ] | ¢ LIVl )] ] ous=250psf
! B /]\ Proposed Grade Behind Wall XXX El. = 566.0
| B=268" __,-—“5'9=26.6°
: - y=18.01t
1= 0.0ft P l
A N El. = 548.0
f<= x=30.0ft >
\E Soil Nail Zone and Retained Soil:
——_ : h=36.0ft Very Stiff Silty Clay and Clay (A-6b, A-7-6)
H=150ft [ Soil Nail Zone Vrs= 125 pef
\\’\;\\%F: 125 psf Prs=24°  cps= 100 psf
: =24 (Srs= 1250 psf
Proposed Bottom of Wall < B=300ft —=>
XX El. = 530.0
Bearing Soil: Stiff to Very Stiff Clay (A-6b) yps= 130 pcf Pps=26°  cyg= 150 psf (S,)ss= 3750 psf

Wall Dimensions and Retained Soil Parameters ‘

Wall Height, (H) = 15.0 ft
Wall Width (Reinforcement Length), (B) = 30.0 ft
Distance from Wall Face to Toe of Backslope, (/) = 0.0 ft
Wall Length, (L) = 236 ft
Wall Effective Height, (7) = 36.0 ft
Retained Soil Backslope, (8) = 26.6 °
Effective Retained Soil Backslope, (6) = 26.6 °
Distance from Toe to Top of Backslope, (z) = 16.0 ft
Retained Soil Unit Weight, (y zs) = 125 pcf
Retained Soil Friction Angle, (¢ zs) = 24 °
Retained Soil Drained Cohesion, (czs) = 100 psf
Retained Soil Undrained Shear Strength, [(S, )zs] = 1250 psf
Retained Soil Active Earth Pressure Coeff., (K,) = 0.422
Live Surcharge Load, (o,5) = 250 psf'
1. Drained cohesion for retained soil not accounted for in exte | stability lyses. This p:

Soil Nail Zone and Bearing Soil Properties:

Soil Nail Zone Unit Weight, (y z#) = 125 pcf
Soil Nail Zone Friction Angle, (¢ z7) = 24 °
Bearing Soil Unit Weight, (y z5) = 130 pcf
Bearing Soil Friction Angle, (¢ z5) = 26 °
Bearing Soil Drained Cohesion, (c 55) = 150 psf
Bearing Soil Undrained Shear Strength, [(S, )zs] = 3750 psf
Embedment Depth, (D) = 0.0 ft
Depth to GW (Below Bot. of Wall), (D ) = 5.0 ft

LRFD Load Factors

EV EH LS
Strengthla 1.00 150 1.75 (AASHTO LRFD BDM Tables
Strengthlb. 1.35 150 1.75 3.4.1-1 and 3.4.1-2 - Active
Service| | 1.00  1.00 1.00 Farth Pressur)

is utilized in global stability analysis. ‘

Check Sliding (Loading Case - Strength la) - AASHTO LRFD BDM Sections 11.10.5.3 and FHWA GES 7 Section 5.7.3

Sliding Force: P, = ‘(PEH P )COS 6
Py =) yRSthayEH = (125 pcf)(36.0 f)2(0.422)(1.50) | = 5124 Kip/ft
: LS — .
“Po b Py =0,hK, Yy, s = (250 psf)(36.0 11)(0.422)(1.75) = 594  kip/tt
\ EH
i P E_f{,._‘i 0 P, = (51.24kip/ft + 5.94 kip/ft)cos(26.6°) =  51.13  kiplft
Check Sliding Resistance - Drained Condition
Nominal Sliding Resistance: R, = (PEVl + P, +Py, sin H)tané (Neglect P, for conservatism)
EV. -
— :’\ v S Ve LHIBLy,, = (125pch(15.0 ft)(30.0 ft)(1.00) =  56.25 kip/it
Pl . p = 15 Vs (h - H)(B - l)yEV = 14(125 pcf)(36.0 ft - 15.0 ft)(30.0 ft - 0.0 ft)(1.00) = = 39.38 kip/ft
PEVI LS‘Y(E//T LS
l P ‘“‘“M Py P =WVl K, Vi = (125pc)(36.0 )2(0.422)(1.50) = 51.24 kiplft
= AT tand = (tan g, <tang, ) —> tan(26)<tan(24) —> 049<045 = 045
T
Rr = [56.25 kip/ft + 39.38 kip/ft + (51.24 kip/ft)sin(26.6°)](0.45) = 53.36  Kkip/ft
Verify Sliding Force Less Than Factored Sliding Resistance - Drained Condition
PH < R, Rﬂ, —_—> 51.13 kip/ft < (53.36 kip/ft)(1.0) = 53.36 kip/ft —> 51.13 kip/ft < 53.36 kip/ft OK

Use @, = 1.0 (Per AASHTO LRFD BDM Table 11.5.6-1)




RESOURCE INTERNATIONAL, INC. Jo0B FRA-70-22.85 NO. W-17-140

6350 PRESIDENTIAL GATEWAY SHEET NO. 2 oF a
. COLUMBUS, OHIO 43231 CALCULATED BY MDK DATE 2/2/2021
PHONE: (614) 823-4949 CHECKED BY BRT DATE 2/3/2021
FAX: (614) 823-4990 RETAINING WALL 1 - SoiL NAIL WALL
WWW.RESOURCEINTERATIONAL.COM
Retaining Wall 1 - Broken Backslope - 15.0 ft. Wall Height - B-001-0-1¢{Bearing Soil Properties:
Wall Height, (H) = 15.0 ft Backfill Unit Weight, (y ) = 125 pcf
Wall Width (Reinforcement Length), (B) = 30.0 ft Backfill Friction Angle, (¢ gr) = 24 °
Distance from Wall Face to Toe of Backslope, (/) = 0.0 ft Bearing Soil Unit Weight, (y z5) = 130 pcf
Wall Length, (L) = 236 ft Bearing Soil Friction Angle, (¢ 55) = 26 °
Wall Effective Height, (7) = 36.0 ft Bearing Soil Drained Cohesion, (c 55) = 150 psf
Retained Soil Backslope, (8) = 26.6 ° Bearing Soil Undrained Shear Strength, [(s, )ss] = 3750 psf
Effective Retained Soil Backslope, (6) = 26.6'° Embedment Depth, (D,) = 0.0 ft
Distance from Toe to Top of Backslope, (z) = 16.0 ft Depth to GW (Below Bot. of Wall), (D ) = 5.0 ft
Retained Soil Unit Weight, (y zs) = 125 pcf
Retained Soil Friction Angle, (pzs) = | 24° LRFD Load Factors
Retained Soil Drained Cohesion, (c zs) = 100 psf EV EH LS
Retained Soil Undrained Shear Strength, [(S, )zs] = 1250 psf' Strengthla. 1.00  1.50 1.75 } (AASHTO LRFD BDM Tables
Retained Soil Active Earth Pressure Coeff., (K,) = 0.422 Strengthlb 1.35 150 1.75 3.4.1-1 and 3.4.1-2 - Active
Live Surcharge Load, (o,5) = 250 psf Service | 1.00 1.00  1.00 Farth Pressure)
1. Drained cohesion for retained soil not accounted for in exte | stability lyses. This p: is utilized in global stability analysis.

Check Sliding (Loading Case - Strength la) - AASHTO LRFD BDM Sections 11.10.5.3 and FHWA GES 7 Section 5.7.3 (Continued)

Check Sliding Resistance - Undrained Condition

Nominal Sliding Resisting: R, = ((Su )BS < %) (B
P,

EVy ey
(S,) = 375 kst
Pl PN P
PRl RPN 74
P : ‘\ PEH *
:"‘/E(’ B, —PEV‘ +PE,,2 + P, sin
R B I
. P, =y, [(HBLy, = (125pcH(150M)30.0f)(1.00) = 56.25 kiplft
(Neglect P, for conservatism) Py = Y4 Vs (h— H)(B—1)y,,= %125 peh(36.0 - 150 1)(30.0 7t - 0.0 f(1.00) = 39.38 kiplft
P, =V Vesh’K, Yy, = 7(125pcf)(36.0 )%0.422)(1.50) = 51.24 kiplft
P, = 56.25kiplft + 39.38 kip/ft + (51.24 kip/ft)sin(26.6°) = 118.57 kip/ft
g, = (11857kip/ft)/(30ft) = 395 ksf
R, = [3.75ksf<(3.95ksf)/2)30.0ft) = [3.75 ksf<1.98 ksf](30.0 ft
R, = (198ksf(30.0f) = 5925 Kip/ft

Verify Sliding Force Less Than Factored Sliding Resistance - Undrained Condition

PH < R, DPT —> 51.13 kip/ft < (59.25 )(1.0) = 59.25 kKip/ft —> 51.13 kip/ft < 59.25 kip/ft OK

Use @, = 1.0 (Per AASHTO LRFD BDM Table 11.5.6-1)




RESOURCE INTERNATIONAL, INC. JoB FRA-70-22.85 NO. W-17-140
6350 PRESIDENTIAL GATEWAY SHEET NO. 3 oF a
. COLUMBUS, OHIO 43231 CALCULATED BY MDK DATE 2/2/2021
PHONE: (614) 823-4949 CHECKED BY BRT DATE 2/3/2021
FAX: (614) 823-4990 RETAINING WALL 1 - SoiL NAIL WALL
WWW.RESOURCEINTERATIONAL.COM
Retaining Wall 1 - Broken Backslope - 15.0 ft. Wall Height - B-001-0-1¢{Bearing Soil Properties:
Wall Height, (H) = 15.0 ft Backfill Unit Weight, (y ) = 125 pcf
Wall Width (Reinforcement Length), (B) = 36.0 ft Backfill Friction Angle, (¢ gr) = 24 °
Distance from Wall Face to Toe of Backslope, (/) = 0.0 ft Bearing Soil Unit Weight, (y z5) = 130 pcf
Wall Length, (L) = 236 ft Bearing Soil Friction Angle, (¢ 55) = 26 °
Wall Effective Height, (7) = 36.0 ft Bearing Soil Drained Cohesion, (c 55) = 150 psf
Retained Soil Backslope, (8) = 26.6 ° Bearing Soil Undrained Shear Strength, [(s, )ss] = 3750 psf
Effective Retained Soil Backslope, (6) = 26.6'° Embedment Depth, (D,) = 0.0 ft
Distance from Toe to Top of Backslope, (z) = 16.0 ft Depth to GW (Below Bot. of Wall), (D ) = 5.0 ft
Retained Soil Unit Weight, (y zs) = 125 pcf
Retained Soil Friction Angle, (¢ zs) = 241> LRFD Load Factors
Retained Soil Drained Cohesion, (c zs) = 100 psf EV EH LS
Retained Soil Undrained Shear Strength, [(S, )zs] = 1250 psf Strengthla. 1.00  1.50 1.75 } (AASHTO LRFD BDM Tables
Retained Soil Active Earth Pressure Coeff., (K,) = 0.422 Strengthlb 1.35 150 1.75 3.4.1-1 and 3.4.1-2 - Active
Live Surcharge Load, (o,5) = 250 psf Service | 1.00 1.00  1.00 Farth Pressure)
1. Drained cohesion for retained soil not accounted for in exte | stability lyses. This p: is utilized in global stability analysis.

Check Bearing Capacity (Loading Case - Strength Ib) - AASHTO LRFD BDM Section 11.10.5.4 and FHWA GES 7 Section 5.6.6

ﬁ——"\
-.P
A Deq = %'
x Pl S—P,
" Py, P““% L}i B'=B—-De¢ = 36.0ft-20000f) = 3600 ft
EH| 1 EH
X3 %/_:{,.\/ 4
A : Ef['h"ig e= /2 —X, = (36.0ft/2)-18.78ft = -0.78 ft (UseO ft)
" N MV =M, — : NPT .
:ﬁj: o , = = (3997.25 kip-ft/ft - 656.67 kip-ft/ft) / 177.86 kip/ft. =  18.78 ft
X():Hiei"+"i'e PV
By
-y q., = (177.86kip/ft)/ (36 ft) = 494 ksf
—x, >
Resisting Moment, M ,: M, = PEV, (xl ) + PEV2 (x2)+ P, sin H(B)‘
Py, | Pry =V LHIBly,, = (125pch)(150f)(36.0f)(1.35) = 9113  Kip/ft
.: ‘\\ Pry = Y Vas (h fH)(B _l)yEV = 14(125 pcf)(36.0 ft - 15.0 ft)(36.0 ft - 0.0 ft)(1.35) = | 63.79 kip/ft
P, Pl B P YVesh’K 14(125 pcf)(36.0 ft)2(0.422)(1.50) 51.24
En, il \ = " = Ya pc .0 t)*(0. . = .24 Kip/ft
l/ PEH oy \‘ PEH \“..EH. i 2‘y RS y EH
7 . =ly: 36.0f)/2 = 1800 ft
:I:::_::‘ie XI 2 ( : )
> x, =1 +%(B=1) = 00ft+%@60ft-00f) = 2400 f
———x
My, = (91.13 kip/ft)(18.00 ft) + (63.79 kip/ft)(24.0 ft) + (51.24 kip/ft)sin(26.6°)(36 ft) = 3997.25 kKip-ft/ft
Overturning Moment, M ,;: M, =P, cos 5(x3 ) + P, cos 9(x4)
" Py =B Vesh K Vi = V(125 pch)(36.0 t)2(0.422)(1.50) = 51.24 kip/ft
| @{ P P =0,hK y, s = (250psf)(36.0)(0.422)(1.75) = 664 kip/ft
o - . -
X; «:P/EH“\( X, = A = (36.0f)/3 = 1200 ft
h_ S
LB
-2zl X, :% = (360ft)/2 = 18 ft
M,; = {51.24 kip/ft)cos(26.6°)(12.00 ft) + (6.64 kip/ft)cos(26.6°)(18.00 ft =  656.67 kip-ft/ft
Vertical Forces, P ,: P, = PEVl + PEV2 + P, sin @
P, = 91.13kip/ft + 63.79 kip/ft + (51.24 kip/f)sin(26.6°) =  177.86 kip/ft




RESOURCE INTERNATIONAL, INC. J0B FRA-70-22.85 NO. W-17-140
6350 PRESIDENTIAL GATEWAY SHEET NO. 4 oF aq
. COLUMBUS, OHIO 43231 CALCULATED BY MDK DATE 2/2/2021
PHONE: (614) 823-4949 CHECKED BY BRT DATE 2/3/2021
FAX: (614) 823-4990 RETAINING WALL 1 - SoOiL NAIL WALL

WWW.RESOURCEINTERATIONAL.COM

Retaining Wall 1 - Broken Backslope - 15.0 ft. Wall Height - B-001-0-1¢{Bearing Soil Properties:

Wall Height, (H) = 15.0 ft Backfill Unit Weight, (y ) = 125 pcf
Wall Width (Reinforcement Length), (B) = 36.0 ft Backfill Friction Angle, (¢ gr) = 24 °
Distance from Wall Face to Toe of Backslope, (/) = 0.0 ft Bearing Soil Unit Weight, (y z5) = 130 pcf
Wall Length, (L) = 236 ft Bearing Soil Friction Angle, (¢ 55) = 26 °
Wall Effective Height, (7) = 36.0 ft Bearing Soil Drained Cohesion, (c 55) = 150 psf
Retained Soil Backslope, (8) = 26.6 ° Bearing Soil Undrained Shear Strength, [(s, )ss] = 3750 psf
Effective Retained Soil Backslope, (6) = 26.6'° Embedment Depth, (D,) = 0.0 ft
Distance from Toe to Top of Backslope, (z) = 16.0 ft Depth to GW (Below Bot. of Wall), (D ) = 5.0 ft
Retained Soil Unit Weight, (y zs) = 125 pcf
Retained Soil Friction Angle, (pzs) = | 24° LRFD Load Factors
Retained Soil Drained Cohesion, (c zs) = 100 psf EV EH LS
Retained Soil Undrained Shear Strength, [(S, )zs] = 1250 psf Strengthla. 1.00  1.50 1.75 } (AASHTO LRFD BDM Tables
Retained Soil Active Earth Pressure Coeff., (K,) = 0.422 Strengthlb 1.35 150 1.75 3.4.1-1 and 3.4.1-2 - Active
Live Surcharge Load, (o,5) = 250 psf Service | 100 1.00 1.00 Farth Prossure)

1. Drained cohesion for retained soil not accounted for in exte | stability lyses. This p: is utilized in global stability analysis.

Check Bearing Capacity (Loading Case - Strength Ib) - AASHTO LRFD BDM Section 11.10.5.4 and FHWA GES 7 Section 5.6.6 (Cor

Check Bearing Resistance - Drained Condition

Nominal Bearing Resistance: ¢, =cN,, + O, N_C +})B'N, C,

N, = N_s,i, = 2453 N,,=N,sdi, = 131 N, =N,sji, = 113
N, = 223 ‘  N,= 119 ‘ ~ N,= 125
S = 14361236 f)(11.9/223) = 1.1 Sg = | 1+(36fU236fitan(26°) | = 1.1 s, = 1-0.436 ft/236ft) = 0.9
i, = 10 (Assumed) d q = 1+2tan(26%)[1-sin(26°)Ftan"'(0.0 /36 ) i, = 10 (Assumed)
= 1.0 C,, = 50ft<15@36f)+0.0ft = 05
i, = 10 (Assumed)
C,, = 50ft>00ft = 10
q, = (0 psf)(24.53) + (130 pcf)(0.0 ft)(13.1)(1.0) + ¥2(130 pcf)(36.0 ft)(11.3)(0.5) = 1316  ksf
Verify Equivalent Pressure Less Than Factored Bearing Resistance
9., =gq, [¢b —> 4.94 ksf < (13.16 ksf)(0.65) = 8.55 ksf —_—> 4.94 ksf < 8.55 ksf OK
Use @, = 0.65 (Per AASHTO LRFD BDM Table 11.5.6-1)
Check Bearing Resistance - Undrained Condition
Nominal Bearing Resistance: ¢, =cN,, + O, N_C +})B'N, C
N,, =N_si, = 514 Ny, =Ny, dji, = 10 N, =N,sj, = 00
N.= 514 N,= 10 N,= 00
S, = 1+Bef5236f)] = 1.0 S4= 10 s, = 10
i, = 10 (Assumed) d q = 1+2tan(26%)[1-sin(26°)Ftan"'(0.0 /36 i, = 10 (Assumed)
= 10 C,, = 50ft<15@36f)+0.0ft = 05
i, = 10 (Assumed)
C,, = 50ft>00ft = 10
q, = (3750 psf)(5.14) + (130 pcf)(0.0 ft)(1.0)(1.0) + ¥2(130 pcf)(36.0 ft)(0.0)(0.5) = 19.28 ksf

Verify Equivalent Pressure Less Than Factored Bearing Resistance

q ey =q, [¢b —> 4.94 ksf < (19.28 ksf)(0.65) = 12.53 ksf —> 4.94 ksf < 12.53 ksf

Use @, = 0.65 (Per AASHTO LRFD BDM Table 11.5.6-1)

OK
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RESOURCE INTERNATIONAL, INC. JOB FRA-70-22.85 FEF NO. W-17-140
6350 PRESIDENTIAL GATEWAY SHEET NO. 1 OF 6
' COLUMBUS, OHIO 43231 CALCULATED BY MDK DATE 2/1/2020
PHONE: (614) 823-4949 CHECKED BY BRT DATE 2/2/2020
FAX: (614) 823-4990 Retaining Wall 7
WWW.RESOURCEINTERATIONAL.COM
Retaining Wall 7 - CIP Wall With Shear Key - 9.5 ft. Maximum Wall Height
NN \;I/xxx\l/ NG 250 psf Proposed Top of Wall(xx En—
a=15f —> |l«— § Backfill and Retained Soil:
! Item 203 Embankment
Yw=125pct | pogst Vs = 125 pof
®pr=30° é Prs= 30°
Proposed Ground Surface g (SuJrs = 2000 pst
XXX XXX '
T D=sor  be18fls—>] |<— c=40t —>l
D,=80ft | | El.=7935
$ ’(—g =25 ﬂ—>|_| if =251t 1\ Bearing Soil: Very Stiff silty Clay
d=2.0ft _ o
Drawing Not to Scale <— B=70ft ——> 7ss= 120 pcf Pps=28 (8.)ss= 1750 psf
CIP Wall Dimensions and Surcharge Loadin Bearing and Retained/Backfill Soil Properties:
Wall Height, (H) = 9.5 ft ‘Bearing Soil Unit Weight, (7 5) = 120 pef
Foundation Width (Entire Base Width), (B) = 7.0 ft Bearing Soil Friction Angle, (¢ 55) = 28 °
Stem Width, (a) = 1.5 ft Bearing Soil Undrained Shear Strength, [(s, )zs] = 1750 psf
Toe Width, (b) = 1.5 ft Backfill and Retained Soil Unit Weight, (y g, yzs) = 125 pcf
Heel Width, (c) = 4.0 ft Retained Soil Friction Angle, (¢ zs) = 30°
Footing Thickness, (d) = 2.0 ft Retained Soil Undrained Shear Strength, [(s, )zs] = 2000 psf
Location of Shear Key, (e) = 2.5t Active Earth Pressure Coefficient, (K ,) = 0.297
Depth of Shear Key, (f) = 251t Passive Earth Pressure Coefficient, (K, ) = 5.580
Embedment Depth, (D) = 3.0 ft LRFD Load Factors
Wall Length, (L) = 402 ft DC EV EH LS @ EP
Live Surcharge Load, (¢ ) = 250 psf Strengthla 0.90  1.00 1.50 1.75 0.90 } (AASHTO LRFD BDM Tables
Depth to Groundwater, (D) = 8.0 ft Strength b 1.25  1.35 150  1.75 0.90 3.4.1-1 and 3.4.1-2 - Active
Servicel | 1.00 1.00 1.00 1.00 1.00 Farth Prossure)

Check Sliding (Loading Case - Strength la) - AASHTO LRFD BDM Section 10.6.3.4

Sliding Force: P, =P, + PLS,,
Py =V VesH K Viy = %125 pcf)(9.5 1)2(0.207)(1.50) = 251  kip/ft
: P
et LS, - -
I;EH Py, =0, sHK y s (250 psf)(9.5 ft)(0.297)(1.75) = 1.23  «kip/ft
: P, =  251kipfit+1.23kipift = 374  kip/ft
Check Sliding Resistance ‘Nominal Sliding Resisting: R, = R, + R,
—_ 2
! Rep_yBst.ﬂ<pyep+y2yBSf prep
DC Pyt . 8 :
2| | i R,, = (120 pcf)(3.0 ft)(2.5 ft)(5.58)(0.90) + %(120 pof)(2.5 ft)*(5.58)(0.90) = 6.40 kip/ft
DC, | Check Drained Condition: R, = P, tan 0

P, =DC, +DC, +P,,

P, = (150 pcf) [(7.0 ft)(2.0 ft) + (9.5 ft - 2.0 ft)(1.5 )] (0.90) +
(125 pcf)(9.5 ft - 2.0 ft)(4.0 ft)(1.00)

tand = tan @

R, =

(7.16 kip/ft)(0.53) | =

= tan(28) = 053

3.79  kip/ft

Verify Sliding Force Less Than Factored Sliding Resistance - Drained Condition

Ye [[B ld +(H_d)[a][VDc * Vor [(H_d)[C[yEV

= 7.16  Kip/ft

P, <R, — P, <@[R +@,[R, —> 374Kkip/fts (3.79 kip/ft)(1.00) + (6.40 kip/ft)(0.50) = 7.00 kip/ft

= 3.74 kip/ft < 7.00 kip/ft OK

Use @, = 1.00

Use ¢ ep = 0.50 (Per AASHTO LRFD BDM Tables 10.5.5.2.2-1 and 11.5.7-1)




RESOURCE INTERNATIONAL, INC. JOB FRA-70-22.85 FEF NO. W-17-140
6350 PRESIDENTIAL GATEWAY SHEET NO. 2 OF 6
. COLUMBUS, OHIO 43231 CALCULATED BY MDK DATE 2/1/2020
PHONE: (614) 823-4949 CHECKED BY BRT DATE 2/2/2020
FAX: (614) 823-4990 Retaining Wall 7
WWW.RESOURCEINTERATIONAL.COM
CIP Wall Dimensions and Surcharge Loading Bearing and Retained/Backfill Soil Properties:
Wall Height, (H) = 9.5 1t Bearing Soil Unit Weight, (y z5) = 120 pcf
Foundation Width (Entire Base Width), (B) = 7.0 ft Bearing Soil Friction Angle, (¢ 55) = 28 °
Stem Width, (a) = 1.5 ft Bearing Soil Undrained Shear Strength, [(s, )zs] = 1750 psf
Toe Width, (b) = 1.5 ft Backfill and Retained Soil Unit Weight, (y g, s) = 125 pcf
Heel Width, (¢) = 4.0 ft Retained Soil Friction Angle, (¢ zs) = 30°
Footing Thickness, (d) = 2.0 ft Retained Soil Undrained Shear Strength, [(s, )zs] = 2000 psf
Location of Shear Key, (¢) = 2.5 ft Active Earth Pressure Coefficient, (K,) = 0.297
Depth of Shear Key, (f) = 2.5t Passive Earth Pressure Coefficient, (K, ) = 5.580
Embedment Depth, (D) = 3.0t LRFD Load Factors
Wall Length, (L) = 402 t DC  EV EH LS @ EP
Live Surcharge Load, (¢ ) = 250 psf ‘Strength la! 0.90 1.00 ‘ 1.50 ‘ 1.75 | 0.90 | } (AASHTO LRFD BDM Tables
Depth to Groundwater, (D) = 8.0 ft Strength b 1.25  1.35 150  1.75 0.90 3.4.1-1 and 3.4.1-2 - Active
Servicel | 1.00 1.00 1.00 1.00 1.00 Farth Pressure)

Check Sliding (Loading Case - Strength la) - AASHTO LRFD BDM Section 10.6.3.4 (Continued)

Check Undrained Condition: R, = ((Su )BS <q, ) (B

(S,), = 175 kst
Qo =0, = (226ksN)/2 = 113 ks
Qoin =50 i = (021ksh)/2 = 011 ksf
A gnin 2 v
W o,,. = % 146 = (116Kip/t/ 7001 +6(141R/70M) = 226 ksf
---------------- Su
(S,)us S a.
LB e
s = 1/ 1—6§ = (716 Kiplft/ 7.0 f[1-6(1.417/7.0f)] | = -0.21 ksf
R, = 0.5(1.13 ksf[((7.0 ft)(1.13 ksf)) / (1.13 ksf - -0.11 ksf)] = 36 kipt

Verify Sliding Force Less Than Factored Sliding Resistance - Undrained Condition

P, <s@lR — P, <@[R + @, Deep —> 3.74 Kip/ft < (3.60 kip/ft)(1.00) + (6.40 kip/ft)(0.50) = 6.80

= 3.74 kip/ft < 6.80 kip/ft OK

Use @, = 1.00

Use ¢ ep = 0.50 (Per AASHTO LRFD BDM Tables 10.5.5.2.2-1 and 11.5.7-1)




RESOURCE INTERNATIONAL, INC. JOB FRA-70-22.85 FEF NO. W-17-140
6350 PRESIDENTIAL GATEWAY SHEET NO. 3 OF 6
. COLUMBUS, OHIO 43231 CALCULATED BY MDK DATE 2/1/2020
PHONE: (614) 823-4949 CHECKED BY BRT DATE 2/2/2020
FAX: (614) 823-4990 Retaining Wall 7
WWW.RESOURCEINTERATIONAL.COM
CIP Wall Dimensions and Surcharge Loading Bearing and Retained/Backfill Soil Properties:
Wall Height, (H) = 9.5 1t Bearing Soil Unit Weight, (y z5) = 120 pcf
Foundation Width (Entire Base Width), (B) = 7.0 ft Bearing Soil Friction Angle, (¢ 55) = 28 °
Stem Width, (a) = 1.5 ft Bearing Soil Undrained Shear Strength, [(s, )zs] = 1750 psf
Toe Width, (b) = 1.5 ft Backfill and Retained Soil Unit Weight, (y g, s) = 125 pcf
Heel Width, (¢) = 4.0 ft Retained Soil Friction Angle, (¢ zs) = 30°
Footing Thickness, (d) = 2.0 ft Retained Soil Undrained Shear Strength, [(s, )zs] = 2000 psf
Location of Shear Key, (¢) = 2.5 ft Active Earth Pressure Coefficient, (K,) = 0.297
Depth of Shear Key, (f) = 2.5t Passive Earth Pressure Coefficient, (K, ) = 5.580
Embedment Depth, (D) = 3.0t LRFD Load Factors
Wall Length, (L) = 402 t DC  EV EH LS @ EP
Live Surcharge Load, (¢ ) = 250 psf ‘Strength la! 0.90 1.00 ‘ 1.50 ‘ 1.75 | 0.90 | } (AASHTO LRFD BDM Tables
Depth to Groundwater, (D) = 8.0 ft Strength b 1.25  1.35 150  1.75 0.90 3.4.1-1 and 3.4.1-2 - Active
Servicel | 1.00 1.00 1.00 1.00 1.00 Farth Pressure)

Check Eccentricity (Loading Case - Strength la) - AASHTO LRFD BDM Section 11.6.3.3

e=ly—xo

pe Ppy M, =M,
CAT P X = (28.78 kip-ft/ft - 13.80 kip-ft/ft) / (7.16 kip/ft) = 2.09 ft
S LS o : PV |
i é Pa My |=| 2878 |kip-fit } Defined below
¢ . My = 1380 kip-ft/ft
x{,%ge P, =P, +DC, +DC, = =375Kkip/ft + 1.89 kip/ft + 1.52 kip/ft = 7.16  kip/it
R
(_%_» e=  (7.0ft/2)-2.09ft = 141
Resisting Moment, M , M, =F, (xl) + DC, (xz) +DC, (X3)
Py = Ve [(H—d)[c[yEV = (125pcf)(9.5 ft- 2.0 ft)(4.0 ft)(1.00) = 3.75 kip/ft
DC =y, [Bldyy. = (150 pch)(7.0 ft)(2.0 )(0.90) | = 1.89 kip/ft
DG, =y. [(H fd)[a (Vpe = (150 pcf)(9.5 ft - 2.0 ft)(1.5 ft)(0.90) | = 1.52 Kip/ft
X, :a+b+% = 15ft+15ft+(4.0ft/2) = 50 ft
xz‘:%‘ = 70ft/2 = 35 ft
X3 :b+% = 15ft+(15ft/2) = 23 ft
M, = (3.75 kip/ft)(5.0 ft) + (1.89 kip/ft)(3.5 ft) + (1.52 kip/ft)(2.3 ft) = 2878 kipftit
Overturning Moment, M j; : M, =P, (x2 ) + PLSh (x3)
P = Ve H K Ve = 7%(125pch)(9.5 1)2(0.297)(1.50) = 251  kip/ft
X5 i P,
h o LSy, i :
x, I L PLs,, =0, HK Vs = (250 psf)(9.51)(0.297)(1.75) =  1.23  Kip/ft
1 e — xzzf% = 95f)/3 = 317 ft
X, =% = 95ft)/2 = 475 ft
M, = (251 Kip/ft)(3.17 ft) + (1.23 kip/f)4.75ft) = 13.8  kipfuft
Limiting Eccentricity: |
e =% —> e, = (70f)/3 = 233
Check Eccentricit:
e<e —> 1.41ft <233 ft OK

max




RESOURCE INTERNATIONAL, INC. JOB FRA-70-22.85 FEF NO. W-17-140
6350 PRESIDENTIAL GATEWAY SHEET NO. 4 OF 6
COLUMBUS, OHIO 43231 CALCULATED BY MDK DATE 2/1/2020
B
PHONE: (614) 823-4949 CHECKED BY BRT DATE 2/2/2020
FAX: (614) 823-4990 Retaining Wall 7
WWW.RESOURCEINTERATIONAL.COM
CIP Wall Dimensions and Surcharge Loading Bearing and Retained/Backfill Soil Properties:
Wall Height, (H) = 9.5 ft Bearing Soil Unit Weight, (y 35) = 120 pcf
Foundation Width (Entire Base Width), (B) = 7.0 ft Bearing Soil Friction Angle, (¢ 55) = 28 °
Stem Width, (a) = 1.5 ft Bearing Soil Undrained Shear Strength, [(s, )zs] = 1750 psf
Toe Width, (b) = 1.5 ft Backfill and Retained Soil Unit Weight, (y g, s) = 125 pcf
Heel Width, (¢) = 4.0 ft Retained Soil Friction Angle, (¢ zs) = 30°
Footing Thickness, (d) = 2.0 ft Retained Soil Undrained Shear Strength, [(s, )zs] = 2000 psf
Location of Shear Key, (¢) = 2.5 ft Active Earth Pressure Coefficient, (K,) = 0.297
Depth of Shear Key, (f) = 2.5t Passive Earth Pressure Coefficient, (K, ) = 5.580
Embedment Depth, (D) = 3.0t LRFD Load Factors
Wall Length, (L) = 402 ft DC  EV EH LS  EP
Live Surcharge Load, (¢ ) = 250 psf ‘Strength la: 0.90 1.00 ‘ 1.50 ‘ 1.75 | 0.90 | (AASHTO LRFD BDM Tables
Depth to Groundwater, (D) = 8.0 ft Strength b 1.25  1.35 150  1.75 0.90 3.4.1-1 and 3.4.1-2 - Active
Servicel | 1.00 1.00 1.00 1.00 1.00 Farth Pressure)
Check Bearing Capacity (Loading Case - Strength Ib) - AASHTO LRFD BDM Section 11.6.3.2
P LS,
=P
qeq =" B'
B'=B—-2e = 7.0 ft - 2(0.33 ft) = 6.34 ft
e=%—xo = (7.0ft/2)-317f = 0.33 ft
M y-=My, = o - : .
, =————— = (54.56 kip-ft/ft - 13.80 kip-ft/ft) / (12.86 kip/ft) = 3.17 ft
A |4
9., = (1286 kip/ft)/(6.34ft) = 2.03  ksf
Resisting]l;/loment, My M, =P, (xl) + PLS“ ()c1 ) + DC, ()C2 ) + DC, (x3)
LS,
Py =V [(H - d) lely = (125pch)(9.51t- 2.0 ft)(4.0ft)(1.35) = 5.06 Kip/ft
e Py P =0 (BLy,s = (250psf)(7.0ft)(1.75) = 3.063 kip/ft
2
l’ DC1 = B I:yDC = (150 pcf)(7.0 ft)(2.0 ft)(1.25) = 2.63 Kip/ft
DC, =y UH —d)la[y,.= (150 pch)(@5ft-20f)(1.5/)(1.25) = 2.11 Kiplft
——x
—x x1=a+b+% = 15ft+1.5ft+(4.0ft/2) = 50 ft
= x; L
xz‘:A = 7.0ft/2 = 35 ft
X3 :b+% = 15ft+(15ft/2) = 23 ft
M, = (506 kip/ft)(5.0 ft) + (3.06 Kip/ft)(5.0 ft) + (2.63 kip/ft)(3.5 ft) + (2.11 kip/ft)2.3ft) =  54.56  kip-ft/ft
Overturning Moment, M, : M, =P, (x4) + PISh (xs)
: + 2 .
PEH k= 12 yRSH Ka Vi = Y2(125 pef)(9.5 ft)7(0.297)(1.50) - = 251  Kip/ft
X5 : P,
3 o LSy, - .
Xy I }l) st = O'ZS]K Vs = (250 psf)(9.5 t)(0.297)(1.75) = 1.23  Kip/ft
i EH
1 é | x4:1‘% = (@5f/3 = 317
X :% = 95f)/2 = 475 f
M, = (251kipft)3.17 ft) + (1.23 kip/ft)4.75ft) = 138 kip

Vertical Force, P :

B, = 1286

kip/ft

B, =P, + P +DC +DC,

B, = 5.06 kip/ft + 3.06 kip/ft + 2.63 kip/ft + 2.11 kip/ft _




RESOURCE INTERNATIONAL, INC. JoB FRA-70-22.85 FEF NO. W-17-140

6350 PRESIDENTIAL GATEWAY SHEET NO. 5 OF 6
. COLUMBUS, OHIO 43231 CALCULATED BY MDK DATE 2/1/2020
PHONE: (614) 823-4949 CHECKED BY BRT DATE 2/2/2020
FAX: (614) 823-4990 Retaining Wall 7

WWW.RESOURCEINTERATIONAL.COM

CIP Wall Dimensions and Surcharge Loading Bearing and Retained/Backfill Soil Properties:

Wall Height, (H) = 9.5 1t Bearing Soil Unit Weight, (y z5) = 120 pcf

Foundation Width (Entire Base Width), (B) = 7.0 ft Bearing Soil Friction Angle, (¢ 55) = 28 °

Stem Width, (a) = 1.5 ft Bearing Soil Undrained Shear Strength, [(s, )zs] = 1750 psf

Toe Width, (b) = 1.5 ft Backfill and Retained Soil Unit Weight, (y g, s) = 125 pcf

Heel Width, (¢) = 4.0 ft Retained Soil Friction Angle, (¢ zs) = 30°

Footing Thickness, (d) = 2.0 ft Retained Soil Undrained Shear Strength, [(s, )zs] = 2000 psf

Location of Shear Key, (¢) = 2.5 ft Active Earth Pressure Coefficient, (K,) = 0.297

Depth of Shear Key, (f) = 2.5t Passive Earth Pressure Coefficient, (K, ) = 5.580

Embedment Depth, (D) = 3.0t LRFD Load Factors

Wall Length, (L) = 402 t DC  EV EH LS  EP

Live Surcharge Load, (¢ ) = 250 psf ‘Strength la! 0.90 1.00 ‘ 1.50 ‘ 1.75 | 0.90 | } (AASHTO LRFD BDM Tables

Depth to Groundwater, (D) = 8.0 ft Strength b 1.25  1.35 150  1.75 0.90 3.4.1-1 and 3.4.1-2 - Active
Servicel | 1.00 1.00 1.00 1.00 1.00 Farth Pressure)

Check Bearing Capacity (Loading Case - Strength Ib) - AASHTO LRFD BDM Section 11.6.3.2 (Continued)

Check Bearing Resistance - Drained Condition

Nominal Bearing Resistance: q,=cN, + J’Dqumaq + }/B'NWCWV

N, =N_.si = 26035 N, =N, di, = 1679% N, =N,sji, = 16617
N, = 25803 N, = 1472 N, = 16717
S, = 1+(6.34 ft/402 ft)(14.72/25.803) Sg = 1+(6.341/402ftan(28°) = 1.008 §, = 104(634f/402ft) = 0.994
= 1.009 dq = 1+2tan(28°)[1-sin(28°)]*tan™"(3.0 ft/6.34 ft) l'), = 1.000 (Assumed)
i, = 1.000 (Assumed) = 1132 C,, = 80ft<15634f)+30ft = 0.921
i, = 1000 (Assumed)
C,, = 80ft>30ft = 1.000
q,= (0 psf)(26.035) + (120 pcf)(3.0 ft)(16.796)(1.000) + Y4(120 pcf)(6.3 ft)(16.617)(0.921) = 11.87 ksf

Verify Equivalent Pressure Less Than Factored Bearing Resistance

9y =9, — 2.03 ksf < (11.87 ksf)(0.55) = 6.53 ksf —>  2.03 ksf< 6.53 ksf oK

Use @, = 0.55 (Per AASHTO LRFD BDM Table 11.5.7-1)

Check Bearing Resistance - Undrained Condition

Nominal Bearing Resistance: q,=cN, * J’Dqumaq + 1 }/B'NWCWV

N, =N_si = 5186 Ny, =N,s,dji, = 100 N, =N,sj, = 0000
N, = 5140 N, = 1000 N, = 0000
S. = 1+6.34M[5)402f)) = 1.009 §g = 1.000 s, = 1.000
I, = 1.000 (Assumed) dq = 1+2tan(0°)[1-sin(0°)]*tan"(3.0 ft/6.34 ft) 1, =  1.000 (Assumed)
= 1.000 C,, = 80ft<15634f)+30ft = 0.921
[, = 1000 (Assumed)
C,, = 80ft>30ft = 1.000
q, = (1750 psf)(5.186) + (120 pcf)(3.0 ft)(1.000)(1.000) + ¥4(120 pcf)(6.3 ft)(0.000)(0.921) = 9.44  ksf

Verify Equivalent Pressure Less Than Factored Bearing Resistance

9 =49, 5, — 2.03 ksf < (9.44 ksf)(0.55) = 5.19 ksf —>  2.03ksf<5.19 ksf OK

Use @, = 0.55 (Per AASHTO LRFD BDM Table 11.5.7-1)
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