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The conclusions in the Report titled BUT-126-2.92 report of Landslide Exploration are Stantec’s
professional opinion, as of the time of the Report, and concerning the scope described in the Report. The
opinions in the document are based on conditions and information existing at the time the scope of work
was conducted and do not take into account any subsequent changes. The Report relates solely to the
specific project for which Stantec was retained and the stated purpose for which the Report was
prepared. The Report is not to be used or relied on for any variation or extension of the project, or for any
other project or purpose, and any unauthorized use or reliance is at the recipient’s own risk.

Stantec has assumed all information received from Ohio Department of Transportation (the “Client”) and
third parties in the preparation of the Report to be correct. While Stantec has exercised a customary level
of judgment or due diligence in the use of such information, Stantec assumes no responsibility for the

consequences of any error or omission contained therein.

This Report is intended solely for use by the Client in accordance with Stantec’s contract with the Client.
While the Report may be provided by the Client to applicable authorities having jurisdiction and to other
third parties in connection with the project, Stantec disclaims any legal duty based upon warranty,
reliance or any other theory to any third party, and will not be liable to such third party for any damages or

losses of any kind that may result.
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BUT-126-2.92 Geotechnical Comment Log
Geotechncial Report

Review Comment

Stantec Response

Define the area or dimensions for porous backfill. Embankment fill should be considered

1) . . Porous backfill is recommended as total backfill behind CIP retaining wall due to construction constraints.
outside of influence zone. (pg 16)
Report still recommends PZ40, but includes language stating sections with properties meeting or exceeding PZ40s
2) |Had difficulty obtaining PZ40 on a past construction project and used AZ38. (pg 32) P : guag € prop € &
may be used if approved by ODOT.
3) [Is 5 ft of scour assumbed in front of the wall? (pg 32) The 5 feet here is to get to the CIP wall bearing elevation for the permanent sheet pile wall analysis.
4) |Show pile length on plans (pgs 33, 37, 41, and 45) Pile length shown on structural plans.
5) |Is wallreally needed as open cut is feasible? (pg 45) Discussed with ODOT, determined open cut was not best approach for construction.
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Executive Summary

Embankment erosion has occurred along a section of State Route (SR) 126 at Straight Line Mileage
(SLM) 2.90 in Butler County, Ohio. The erosion is causing slope instability along approximately 300 feet
of the southern embankment of SR 126. Dry Fork Creek runs adjacent to SR 126 and is the source of the
erosion occurring on the embankment. Past erosion protection measures have been installed along the
alignment, including sheet piling and rock channel protection. The project site is located approximately

1.4 miles northwest of Okeana, Ohio. The Ohio Department of Transportation (ODOT) plans to protect the
affected roadway from the erosion with a cast-in-place retaining wall located south of SR 126. Stantec
Consulting Services Inc. (Stantec) was contracted by ODOT to perform the retaining wall design for this
project.

ODOT advanced four borings along the eastbound shoulder of SR 126 road to obtain geotechnical data
for the proposed landslide stabilization. The borings were advanced in accordance with the ODOT
Specifications for Geotechnical Explorations (SGE).

The surface materials encountered in the borings consisted of 12 to 18 inches of asphalt followed by 6
inches of base. Below the roadway materials, granular soil typically classifying as gravel and stone
fragments with sand and silt or gravel and stone fragments with sand were encountered to depths ranging
from 3.0 to 3.5 feet. The remaining soils encountered were predominately fine-grained, classifying as
sandy silt, silt and clay, silty clay, and clay. In borings B-001-0-22, B-002-0-22, and B-004-0-22, thin
layers (1.5 to 4.5 feet) of coarse-grained soils were encountered at various depths. In B-003-0-22,
coarse-grained material was encountered from a depth of 6.0 feet to 19.5 feet. These coarse-grained
materials were visually described or classified as gravel and stone fragments with sand and silt, gravel
and stone fragments with sand, gravel and stone fragments with sand, silt, and clay, or coarse and fine
sand.

Bedrock was encountered at depth of 19.5 feet in B-001-0-22 and 31.0 feet in B-002-0-22. Bedrock was
not encountered in B-003-0-22 or B-004-0-22. Bedrock was described as interbedded shale and
limestone. The shale was described as brown to gray, highly to moderately weathered, very weak, thinly
laminated, and calcareous. The limestone was described as medium light gray, moderately weathered,
strong, thin bedded, and fossiliferous. Groundwater was not observed while drilling B-001-0-22 and B-
002-0-22; however, this may have been obscured by the addition of water during rock coring. It is likely
that groundwater is present within the bedrock at these two locations. Groundwater was observed during
drilling at a depth of 15 feet in B-003-0-22 and 16 feet in B-004-0-23. Borings B-003-0-22 and B-004-0-22
were terminated at a depth of 49.5 feet and 45.0 feet, respectively, after encountering a natural gas
pocket.

A cast-in-place (CIP) concrete retaining wall is planned throughout the project limits along SR 126 at an
offset of 21 feet right of centerline to the face of the wall. The wall will be supported by a spread footing
bearing at an elevation of 655.0 feet and the top of wall will range from an elevation of 680.1 feet at the
start of the wall to 677.0 at the end for a wall height ranging from 22 to 25.1 feet. A permanent sheet pile
wall will be designed throughout the limits of the project along Dry Fork Creek at the toe of the SR 126
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embankment. The offset from centerline of SR 126 will be 23 feet right. The wall will first serve as a
cofferdam to allow construction of the spread footing of the CIP concrete retaining wall. After construction
of the retaining wall, the wall will be left in place to provide erosion protection and protect against
undermining of the retaining wall footing. A temporary sheet pile wall will be designed throughout the
limits of the project along SR 126 at an offset from centerline of SR 126 of 5 feet. The wall will retain and
support SR 126 during construction of the CIP concrete wall. After construction of the retaining wall, the
sheet piling will be removed after backfilling behind the permanent CIP wall is completed. Design
recommendations for the CIP wall and sheet pile walls are included in this report.
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Acronyms / Abbreviations

ER Energy Ratio

GDM Geotechnical Design Manual

ODNR Ohio Department of Natural Resources
OoDOT Ohio Department of Transportation

PSI Pounds per Square Inch

RQD Rock Quality Designation

SGE Specifications for Geotechnical Exploration
SLM Straight Line Mileage

SPT Standard Penetration Test

SR State Route

TIMS Traffic Information Management System
UCR Unconfined Compression Strength for Rock Core
USDA United States Department of Agriculture
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Report of Landslide Exploration (Final)
BUT-126-2.92 (PID 116204)

INTRODUCTION

1 INTRODUCTION

Embankment erosion has occurred along a section of State Route (SR) 126 at Straight Line Mileage
(SLM) 2.90 in Butler County, Ohio. The erosion is causing slope instability along approximately 300 feet
of the southern embankment of SR 126. Dry Fork Creek runs adjacent to SR 126 and is the source of the
erosion occurring on the embankment. Past erosion protection measures have been installed along the
alignment, including sheet piling and rock channel protection. The project site is located approximately
1.4 miles northwest of Okeana, Ohio.

The Ohio Department of Transportation (ODOT) plans to protect the affected roadway from the erosion
with a cast-in-place retaining wall located south of SR 126. To facilitate this, the past remediation
measures are to be removed and new sheet piling will be driven to serve as a cofferdam during
construction and left in place for erosion protection along the toe of the embankment slope. Additional
temporary sheet piling will be necessary to retain the SR 126 embankment during spread footing and wall
construction. Stantec Consulting Services Inc. (Stantec) was contracted by ODOT to perform the retaining
wall design for this project. Figure 1 shows the site vicinity.
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Figure 1: Site Vicinity
(ODOT Transportation Information Mapping System [TIMS] Interactive Mapping, 2024)
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GEOLOGY AND OBSERVATIONS OF THE PROJECT

2 GEOLOGY AND OBSERVATIONS OF THE PROJECT

2.1 GENERAL

The Physiographic Regions of Ohio Map (Ohio Department of Natural Resources [ODNR], 1998)
indicates that the project is located within the Southern Ohio Loamy Till Plain. This region is described as
a surface of loamy till containing end and recessional moraines. The region is commonly associated with
boulder belts and buried valleys. The geology of the Southern Ohio Loamy Till Plain contains loamy, high
lime Wisconsinan-age till, outwash, and loess over Lower Paleozoic-age carbonate rocks. Moderate relief
of approximately 200 feet can be observed in the regions, with elevations ranging from 530 feet to 1,150
feet.

2.2 SOIL GEOLOGY

According to the Ohio Geology Interactive Map (ODNR, 2024), the project site is underlain by late
Wisconsinan outwash. The Ohio Geology Interactive Map also suggests a glacial drive thickness of
approximately 70 feet. The soil survey (Web Soil Survey of Butler County, Ohio, United States
Department of Agriculture [USDA], 2024) indicates that the project site is underlain by soils from the Ross
loam and Miamian-Russell silt loam complexes. These soils primarily consist of loam with lesser amounts
of silt loam and clay loam. These soils are typically well-drained with a moderately high to high capacity of
transmitting water.

23 BEDROCK GEOLOGY

Bedrock mapping (Ohio Geology Interactive Map, ODNR, 2024) and Descriptions of Geologic Map Units
(ODNR, 2011) indicates that the overburden soils at the project site are underlain primarily by
sedimentary bedrock of the Kope Formation from the Ordovician group. Bedrock from the Kope
Formation is comprised of interbedded shale (75%) and limestone (25%). The bedrock is described as
shades of gray to bluish gray and weathering light to yellowish gray, with unit thicknesses between 200 to
260 feet.

According to the Ohio Mine Locator (ODNR, 2024), there are no recorded active mines within a 5-mile
radius of the project footprint. Multiple inactive surface aggregate mines are located approximately 5
miles southeast of the project. The Karst Interactive Map (ODNR, 2024) indicates there are no known
karst features in the immediate project vicinity. Four suspected karst features are located approximately 1
mile southwest of the project location and all are described as potential sinkholes. The Ohio Oil and Gas
Well Map (ODNR, 2024) shows no wells within a 10-mile radius of the project.

Project Number: 173410733 2
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EXPLORATION

24 HYDROLOGY AND HYDROGEOLOGY

Dry Fork Creek is located to the south of the project site and flows to the southeast into Whitewater River
near White Water Park, Ohio. Whitewater River then flows south to the Great Miami River near
Elizabethtown, Ohio which then flows south into the Ohio River near Lawrenceburg, Indiana.

The Ohio Geology Interactive Map shows that the site is underlain by the Whitewater Alluvial Aquifer,
which has a yield ranging from 5 to 25 gallons per minute and a thickness between 25 and 100 feet. A
search was performed using the ODNR Ohio Water Wells Map (2024) to determine if any water wells are
located near the project site. According to the map, 13 water wells have been drilled within a 1-mile radius
of the project footprint. The well logs indicate a bedrock depth ranging from 10 to 109 feet. The bedrock
encountered at these wells were described as shale and limestone. The logs also indicate a considerable
variation of the static water depth in the area surrounding the site, ranging from 5 to 82 feet.

25 SEISMIC

A review of the seismic data available in the project vicinity was completed using the ODNR Ohio
Earthquake Epicenters Map (2024). Overall, Ohio has a relatively limited amount of seismic activity.
Within a 10-mile radius of the project, there have been no recorded earthquake epicenters. The available
data reviewed included events that occurred in Ohio from 1804 to present day.

2.6 SITE RECONNAISSANCE

ODOT and Stantec representatives visited the site on April 29, 2024. The land surrounding the project
site can be described as agricultural with some residential homes in the vicinity. The pavement was
observed to be generally in fair condition; however, the eastbound lane had cracks and the shoulder had
been repaved due to settlement caused by the erosion. Ground settlement caused by the erosion was
observed just off the shoulder and downslope, with some affecting the alignment of guardrail posts.
Previous repairs consisting of sheet pile walls, gabion baskets, and pile lagging walls were located along
the downhill slope. A rock protection blanket was recently placed by ODOT to reduce further erosion. The
erosion affects approximately 300 feet of the roadway. The bank of the creek was well vegetated.

3 EXPLORATION

3.1 HISTORIC EXPLORATION PROGRAMS

The ODOT Traffic Information Management System (TIMS) provides documentation for two geotechnical
explorations performed within 0.5 miles of the project site along SR 126. BUT-126-3.08 (PID 4782) was a
project for a bridge crossing over Kiata Creek. The exploration consisted of three soil borings drilled in
1990. Soils at the site were variable between cohesive and granular materials. Cohesive soils were
described as silt and clay (A-6a) and sandy silt (A-4a). Granular soils were described as gravel and stone
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EXPLORATION

fragments (A-1-a), sandy silt (A-4a), and coarse and fine sand (A-3a). Bedrock was not encountered in
these borings, which were advanced to depths ranging from 36.5 to 46.5 feet.

BUT-126-2.55 (PID 25347) was a project for a culvert. The exploration consisted of three roadway and
four structure borings advanced along SR 126 in 2005. Soils encountered during this exploration were
described as primarily cohesive, classifying as silty clay (A-6b), silt and clay (A-6a), and sandy silt (A-4a).
Bedrock was described as interbedded limestone and shale and was encountered at depths ranging from
19.2 to 33.8 feet.

3.2 PROJECT EXPLORATION PROGRAM

ODOT advanced four borings along the project alignment from January 24 to February 8, 2022. The
borings were advanced along the eastbound shoulder of the road. A summary of these borings is shown
in Table 1. Boring locations are shown on the geotechnical profile in Appendix A. The locations and
elevations of the borings were provided by ODOT. Boring logs for the project were also completed by
ODOT and provided to Stantec.

Table 1. Boring Summary

Station Offset Ground Surface | Top of Bedrock | Bottom of Boring
Boring No. (feet) (feet) Elevation Elevation Elevation
(feet) (feet) (feet)
B-001-0-22 11+95 7 Rt. 678.6 658.6 648.6
B-002-0-22 12+91 14 Rt. 677.0 646.0 636.0
B-003-0-22 13+87 7 Rt. 676.3 N/A 626.8
B-004-0-22 14+85 7 Rt. 676.5 N/A 631.5

The borings were advanced in accordance with the ODOT Specifications for Geotechnical Explorations
(SGE). The borings were performed with a CME 55 truck-mounted drill rig using 3%z-inch inside diameter
(ID) hollow stem augers to advance the borings through soil. Standard Penetration Test (SPT) sampling
was performed continuously until the bedrock was encountered. The energy ratio (ER) of the drill rig
automatic hammer and drill rod system were measured to be 83.6 percent on April 15, 2020. The depths
and elevations of the SPTs with the corresponding Neo-values are shown on the boring logs in Appendix
A.

Upon encountering fairly competent bedrock, approximately 10 feet of rock coring was performed using
NQ2-size equipment. Recovery, core loss, and rock quality designation (RQD) values were recorded as
percentages for each coring run. These values are shown on the boring logs contained in Appendix A.

The materials encountered were logged by an inspector from ODOT, with attention given to soil type,
consistency, and moisture content. The borings were checked for the presence of groundwater during
drilling and at its conclusion with the depth of water recorded. The borings were sealed with bentonite
grout and capped with asphalt cold patch.

Project Number: 173410733 4
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FINDINGS

The soil samples obtained from the borings were returned to ODOT'’s geotechnical laboratory for visual
classification and tested for water content. Engineering classification testing was performed on samples
reflecting each of the main soil horizons. The engineering classification tests conducted on the samples
were sieve and hydrometer analysis (ASTM D 422) and Atterberg limits (ASTM D 4318). The samples
were classified according to the ODOT classification method. Results from classification and moisture
content testing are shown on the boring logs in Appendix A.

Four rock core samples were subjected to unconfined compressive strength testing according to ASTM D
7012, Method C. Two rock core samples were also subjected to slake durability testing according to
ASTM D 4644. The results of available laboratory testing are included in Appendix A.

4 FINDINGS

The surface materials encountered in the borings consisted of 12 to 18 inches of asphalt followed by 6
inches of base. Below the roadway materials, granular soil typically classifying as gravel and stone
fragments with sand and silt (A-2-4) or gravel and stone fragments with sand (A-1-b) were encountered to
depths ranging from 3.0 to 3.5 feet. The remaining soils encountered were predominately fine-grained,
classifying as sandy silt (A-4a), silt and clay (A-6a), silty clay (A-6b), and clay (A-7-6).The fine-grained
soils were described as medium stiff to hard (Neo values ranging from 6 to 64 with an average of 23),
shades of brown to gray, damp to moist (natural moisture contents ranging from 11 to 28 with an average
of 15) and slightly to moderately plastic (plasticity indices ranging from 5 to 24 with an average of 14).

In borings B-001-0-22, B-002-0-22, and B-004-0-22, thin layers (1.5 to 4.5 feet) of coarse-grained soils
were encountered at various depths. In B-003-0-22, coarse-grained material was encountered from a
depth of 6.0 to 19.5 feet. These coarse-grained materials were visually described or classified as gravel
and stone fragments with sand and silt (A-2-4), gravel and stone fragments with sand (A-1-b), gravel and
stone fragments with sand, silt, and clay (A-2-6), or coarse and fine sand (A-3a). The soils were described
as loose to very dense (Neo values ranging from 6 to 78 with an average of 29), brown to gray, and damp
to moist (natural moisture contents ranging from 3 to 14 with an average 8).

Bedrock was encountered at a depth of 19.5 feet in B-001-0-22 and 31.0 feet in B-002-0-22. Bedrock was
not encountered in B-003-0-22 or B-004-0-22. Bedrock was described as interbedded shale and
limestone. The shale was described as brown to gray, highly to moderately weathered, very weak, thinly
laminated, and calcareous. The limestone was described as medium light gray, moderately weathered,
strong, thin bedded, and fossiliferous. Ten feet of bedrock was cored in each boring prior to termination.
Core recoveries ranged from 95 to 100 percent and RQD values varied from 33 to 78. Unconfined
compressive testing was completed on two samples of limestone, resulting in compressive strengths of
7,724 and 12,468 pounds per square inch (psi). Testing of two samples of shale bedrock resulted in
unconfined compressive strengths of 50 and 90 psi.

Groundwater was not observed while drilling B-001-0-22 and B-002-0-22; however, this may have been
obscured by the addition of water during rock coring. It is likely that groundwater is present within the
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ANALYSIS AND RECOMMENDATIONS

bedrock at these two locations. Groundwater was observed during drilling at a depth of 15 feet in B-003-
0-22 and 16 feet in B-004-0-23.

Borings B-003-0-22 and B-004-0-22 were terminated at depths of 49.5 and 45.0 feet, respectively, prior to
encountering bedrock. These were terminated due to encountering a natural gas pocket.

Boring logs, photographs of the rock core, and laboratory testing results are presented in Appendix A.

5 ANALYSIS AND RECOMMENDATIONS

5.1 GENERAL

The recommendations that follow are based on the information discussed in this report and the
interpretation of the subsurface conditions encountered at the site during our fieldwork. If future design
changes are made, Stantec should be notified so that such changes can be reviewed, and the
recommendations amended as necessary.

These conclusions and recommendations are based on data and subsurface conditions from the borings
advanced during this exploration using the degree of care and skill ordinarily exercised under similar
circumstances by competent members of the engineering profession. No warranties can be made
regarding the continuity of conditions.

5.2  RETAINING WALL

A cast-in-place (CIP) concrete retaining wall is planned throughout the project limits along SR 126 at an
offset of 21 feet right of centerline to the face of the wall. The wall will be supported by a spread footing
bearing at an elevation of 655.0 feet (approximately 5 feet below the creek bed) and the top of wall will
range from an elevation of 680.1 feet at the start of the wall to 677.0 at the end for a wall height ranging
from 22 to 25.1 feet. Table 2 provides the recommended earth pressure and bearing capacity
parameters for the CIP retaining wall design for sliding, overturning, eccentricity, and bearing capacity.
The bearing capacity calculations can be found in Appendix B. From Station 11+50 to 12+21, the
retaining wall will bear on interbedded shale and limestone encountered in B-001-0-22. The remainder of
the wall will bear on very stiff silt and clay (A-6a) soil.

Project Number: 173410733 6
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ANALYSIS AND RECOMMENDATIONS

Table 2. Recommended Earth Pressure and Bearing Capacity Parameters for CIP Retaining Wall

Design
Parameter Recommended Value
Retained Soil Unit Weight (pcf) 130
Retained Soil Drained Friction Angle (degrees) 30
Active Earth Pressure Coefficient (Ka) 0.33
Nominal Bearing Resistance of Soil (ksf) 14.7
Factored Bearing Resistance of Soil (ksf) 7.4
Friction Angle between Very Stiff Clay and Concrete (degrees) 22
Nominal Bearing Resistance of Bedrock (ksf) 139.8
Factored Bearing Resistance of Bedrock (ksf) 62.9
Friction Angle between Bedrock and Concrete (degrees) 35

5.3 PERMANENT SHEET PILE WALL

A permanent sheet pile wall will be designed throughout the limits of the project along Dry Fork Creek at
the toe of the SR 126 embankment. The offset from centerline of SR 126 will be 23 feet right. The wall will
first serve as a cofferdam to allow construction of the spread footing of the CIP concrete retaining wall.
After construction of the retaining wall, the wall will be left in place to provide erosion protection and
protect against undermining of the retaining wall footing. Toe support for most of the sheeting will be
provided by embedment into the underlying soil. From the beginning of the wall to Station 12+21, rock
excavation will be needed to reach the retaining wall footing elevation. Within this station range,
permanent sheet pile walls will not be installed. From Station 12+21 to 13+58, depth to bedrock is
anticipated to not be sufficient for permanent sheet pile wall embedment. Therefore, struts and braces will
need to be installed and connected with the temporary sheeting described in Section 5.4 of the report.
From Station 13+58 to the end of the wall, embedment depths are sufficient for the permanent sheet pile
wall to not need additional support with a minimum embedment of 17 feet. The permanent wall was
modelled using the computer program SPW911. Soil parameters listed in Table 2 were used. Modelling
output is presented in Appendix C. Table 3 and Table 4 provides design parameters for the permanent
sheet pile wall at the toe of slope. A PZ40 steel sheet pile wall section is recommended. If PZ40 sections
are not available at the time of construction, an alternate section with section parameters meeting or
exceeding the PZ40 may be used if approved by ODOT. Section properties for PZ40 sheeting are
provided in Appendix C. Strut load was determined using SPW911 assuming no toe support was present
for the braced section of the permanent wall if embedment depths less than less than the value shown in
Table 3 are encountered.

Project Number: 173410733 7
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ANALYSIS AND RECOMMENDATIONS

Table 3. SPW911 Model Results for Braced Permanent Sheet Pile Wall (Station 12+21 to 13+58)

Design Parameter Model Result Value
Braced Sheet Pile Maximum Bending Moment (unfactored) 18,525.5 ft-Ib/ft
Braced Sheet Pile Maximum Shear Force (unfactored) 3,815.8 Ib/ft
Braced Sheet Pile Maximum Deflection (PZ40 Sheeting) 0.1in
Required Toe Embedment (FS = 1.3) 5.3t
Strut Elevation 670.0 ft
Strut Load (assumes no embedment, unfactored) 7,293.6 Ib/ft

Table 4. SPW911 Model Results for Unbraced Permanent Sheet Pile Wall (Station 13+58 to 16+01)

Design Parameter Model Result Value
Braced Sheet Pile Maximum Bending Moment (unfactored) 42 9351 ft-Ib/ft
Braced Sheet Pile Maximum Shear Force (unfactored) 5,130.3 Ib/ft
Braced Sheet Pile Maximum Deflection (PZ40 Sheeting) 1.21n
Required Toe Embedment (FS = 1.3) 16.9 ft (use 17.0 ft)

54 TEMPORARY SHEET PILE WALL

A temporary sheet pile wall will be designed throughout the limits of the project along SR 126 at an offset
from centerline of SR 126 of 5 feet. The wall will retain and support SR 126 during construction of the CIP
concrete wall. After construction of the retaining wall, the sheet piling will be removed after backfilling
behind the permanent CIP wall is completed. Where possible, toe support for most of the sheeting will be
provided by embedment into the underlying soil. From the beginning of the wall to Station 12+91, the
depth of bedrock is shallow and will not allow for enough embedment for support. Within this station
range, two rows of soil anchors will be needed. From Station 12+91 to the end of the wall, one row of
anchors will be needed. These sections of wall were modelled using the computer program SPW911. Soil
parameters listed in Table 2 were used. Modelling output is presented in Appendix C and supporting
calculations for anchor design are included in Appendix D. Table 5 and Table 6 provide design
parameters for the temporary sheet pile along the top of the slope. A PZ40 steel sheet pile wall section is
recommended. If PZ40 sections are not available at the time of construction, an alternate section with
section parameters meeting or exceeding the PZ40 may be used if approved by ODOT. Section
properties for PZ40 sheeting are provided in Appendix C.

Project Number: 173410733 8



Report of Landslide Exploration (Final)
BUT-126-2.92 (PID 116204)

ANALYSIS AND RECOMMENDATIONS

Table 5. SPW911 Model Results for Temporary Sheet Pile Wall (Station 11+50 to 12+91)

Design Parameter Model Result Value
Sheet Pile Maximum Bending Moment (unfactored) 28,561.1 ft-Ib/ft
Sheet Pile Maximum Shear Force (unfactored) 7,376.5 Ib/ft
Sheet Pile Maximum Deflection (PZ40 Sheeting) O0in
Required Toe Embedment (FS = 1.3) 0 ft
Row 1 Anchor Elevation 672.1 ft
Row 1 Anchor Load 3,257.2 Ib/ft
Row 1 Anchor Spacing 3.25ft
Row 1 Anchor Diameter 6in
Row 1 Anchor Inclination 15 degrees
Row 1 Required Unbonded / Bonded Length 15 ft/ 10 ft
Row 2 Anchor Elevation 662.1 ft
Row 2 Anchor Load 10,361.9 Ib/ft
Row 2 Anchor Spacing 3.25 ft
Row 2 Anchor Diameter 6in
Row 2 Anchor Inclination 15 degrees
Row 2 Required Unbonded / Bonded Length 15t/ 31 ft

Table 6. SPW911 Model Results for Temporary Sheet Pile Wall (Station 12+91 to 16+01)

Design Parameter Model Result Value
Sheet Pile Maximum Bending Moment (unfactored) 21,975.6 ft-Ib/ft
Sheet Pile Maximum Shear Force (unfactored) 7,325.1 Ib/ft
Sheet Pile Maximum Deflection (PZ40 Sheeting) 0.1
Required Toe Embedment (FS = 1.3) 10 ft
Row 1 Anchor Elevation 669.9 ft
Row 1 Anchor Load 6,298.5 Ib/ft
Row 1 Anchor Spacing 3.25 ft
Row 1 Anchor Diameter 6in
Row 1 Anchor Inclination 15 degrees
Row 1 Required Unbonded / Bonded Length 15t/ 19 ft

Five-foot anchor spacing was originally analyzed for design. This spacing resulted in bonded lengths of
up to 47 feet. It was determined that the anchor spacing would be reduced to 3.25 feet in order to
minimize the length of anchor reaching past ODOT right-of-way at the site (30 feet from centerline) and
for ease of construction.
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5.5 WALL BACKEFILL

To reduce lateral earth pressures applied to permanent retaining structures due to hydrostatic buildup,
free drainage should be provided in accordance with ODOT Construction and Materials Specifications
(CMS) Item 518. Placement of the granular backfill should be in accordance with ODOT CMS Iltem 518.05
“Porous Backfill”. Positive drainage of the granular backfill using weepholes or pipe drains is necessary to
minimize the hydrostatic pressures against the structures.

Backfill comprised of cohesive soils and/or granular soils with significant clay content may result in high
magnitudes of lateral loads due to creep and swelling pressures. These materials are not recommended
for use as backfill behind permanent walls, especially within the influence zone of the wall. The use of
normal embankment material outside of the zone of influence was considered, however, it was assumed
that insufficient space will be available between the CIP wall and the temporary sheet pile wall for safe
and proper compaction of embankment fill to occur. It is recommended that backfill material comprised of
free-draining granular material, such as the material specified under ODOT CMS Item 703.11, Type 3
(No. 57 or 67 gradations per CMS Table 703.01-1), be used.

Backfill should be compacted in accordance with ODOT CMS ltem 203.07 “Compaction and Moisture
Requirements”. Overcompaction in areas directly behind structures should be avoided as this can cause
damage to the structures. Appropriate equipment should be used to obtain the required compaction
without causing damage.
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PROJECT DESCRIPTION SPECIFICATIONS I (32
THIS PROJECT, BUT-126-2.92, IS THE EXPLORATION FOR MULTIPLE LANDSLIDES LOCATED ALONG THE THIS GEOTECHNICAL EXPLORATION WAS PERFORMED IN ACCORDANCE WITH THE STATE OF OHIO, d | BUTLERICO
SOUTHERN EMBANKMENT OF STATE ROUTE 126 AT SLM 2.90 IN BUTLER COUNTY, OHIO. A DEPARTMENT OF TRANSPORTATION, OFFICE OF GEOTECHNICAL ENGINEERING, SPECIFICATIONS Newle \
CAST-IN-PLACE RETAILING WALL IS RECOMMENDED TO STABILIZE THE ROADWAY. FOR GEOTECHNICAL EXPLORATIONS, DATED JANUARY 2024. o -
HISTORIC RECORDS AVAILABLE INFORMATION .
THE ODOT TRAFFIC INFORMATION MANAGEMENT SYSTEM (TIMS) PROVIDES DOCUMENTATION FOR TWO  THE SOIL, BEDROCK, AND GROUNDWATER INFORMATION COLLECTED FOR THIS SUBSURFACE B /—"\& . j
GEOTECHNICAL EXPLORATIONS PERFORMED WITHIN 0.5 MILES OF THE PROJECT. INFORMATION FROM  EXPLORATION THAT CAN BE CONVENIENTLY DISPLAYED ON THE SOIL PROFILE SHEETS 12 —
THESE EXPLORATIONS IS NOT PRESENTED IN THESE DRAWINGS; HOWEVER, THE INFORMATION WAS HAS BEEN PRESENTED. GEOTECHNICAL REPORTS, IF PREPARED, ARE AVAILABLE FOR %, ¢ Aﬁ/
USED TO UNDERSTAND THE GENERAL SUBSURFACE PROFILE OF THE PROJECT AREA. REVIEW ON THE OFFICE OF CONTRACT SALES WEBSITE. N e= ]
THE BUT-126-3.08 (PID 4782) PROJECT WAS COMPLETED FOR A BRIDGE CROSSING OVER KIATA CREEK. ~ i g Bb?_ﬁgg{%'“% Bk
THE EXPLORATION CONSISTED OF FOUR BORINGS DRILLED IN 1990. SOILS AT THE SITE WERE LEGEND g ) .
VARIABLE BETWEEN COHESIVE AND GRANULAR MATERIALS. COHESIVE SOILS WERE DESCRIBED AS OoDOT CLASSIFIED ’ Er
SILT AND CLAY (A-6A) AND SANDY SILT (A-4A). GRANULAR SOILS WERE DESCRIBED AS GRAVEL AND DESCRIPTION CLASS MECH./VISUAL o
STONE FRAGMENTS (A-1-A), SANDY SILT (A-4A), AND COARSE AND FINE SAND (A-3A). GRAVEL AND STONE ERAGMENTS s ; , sk
THE BUT-126-2.55 (PID 25347) PROJECT WAS COMPLETED FOR A CULVERT. THE EXPLORATION WITH SAND % 1S 1
CONSISTED OF THREE ROADWAY AND FOUR STRUCTURAL BORINGS ADVANCED ALONG SR 126 IN GRAVEL OR STONE FRAGMENTS WITH SAND A-2-4 5 4 " S —l
2005. SOILS ENCOUNTERED DURING THIS EXPLORATION WERE DESCRIBED AS PRIMARILY COHESIVE, AND SILT : N < <C
CLASSIFYING AS SILTY CLAY (A-6B), SILT AND CLAY (A-6A), AND SANDY SILT (A-4A). BEDROCK WAS GRAVEL AND STONE FRAGMENTS WITH SAND, 3 ;
DESCRIBED AS INTERBEDDED LIMESTONE AND SHALE AND WAS ENCOUNTERED AT DEPTHS RANGING SILT AND CLAY A-2-6 2 4 o g/ .
FROM 19.2 TO 33.8 FEET. ’ © @) o
GEOLOGY COARSE AND FINE SAND A-3a 1 0 Z o
THE PROJECT SITE IS LOCATED WITHIN THE SOUTHERN OHIO LOAMY TILL PLAIN PHYSIOGRAPHIC SANDY SILT A-dg 3 3 o Z N
REGION. THIS REGION IS DESCRIBED AS A SURFACE OF LOAMY TILL CONTAINING END AND ) < )
RECESSIONAL MORAINES, WITH BOULDER BELTS AND BURIED VALLEYS. THE REGION CONSISTS OF = &
_| LoAMY, HIGH LIME WISCONSINAN-AGE TILL, OUTWASH, AND LOESS OVER LOWER PALEOZOIC-AGE SILT AND CLAY A-6a 22 27 ) . : ] —
o| CARBONATE ROCKS. THE OVERBURDEN SOILS AT THE PROJECT SITE ARE UNDERLAIN PRIMARILY BY § e ; X
2| SEDIMENTARY BEDROCK OF THE KOPE FORMATION FROM THE ORDOVICIAN GROUP. THE BEDROCK SILTY CLAY A-6b 5 3 ! E— | _ BUTEERICQUNTY —
S| FROM THE KOPE FORMATION IS COMPRISED OF INTERBEDDED LIMESTONE AND SHALE. )
N LOCATION MAP ] M
S| RECONNAISSANCE CLAY A-7-6 2 0 -
8 SCALE IN MILES —
=| ODOTAND STANTEC REPRESENTATIVES VISITED THE SITE ON APRIL 29, 2024, AFTER THE EXPLORATION. TR
| THE LAND SURROUNDING THE PROJECT SITE CAN BE DESCRIBED AS AGRICULTURAL WITH SOME TOTAL 45 44 | | <
S| RESIDENTIAL BUILDINGS IN THE VICINITY. THE PAVEMENT WAS OBSERVED TO BE GENERALLY IN FAIR 0 1 2 3 4 O ;
| CONDITION; HOWEVER, THE EASTBOUND LANE HAD CRACKS AND THE SHOULDER HAD BEEN REPAVED | FRe]  BOULDERY ZONE VISUAL Y
5| DUE TO SETTLEMENT CAUSED BY THE LANDSLIDES. SINKHOLES CAUSED BY THE EROSION WERE Fonons al Q)
21 OBSERVED OFF THE SHOULDER AND DOWNSLOPE, SOME WERE LARGE ENOUGH TO SWALLOW ]
c| GUARDRAIL POSTS. PREVIOUS REPAIRS CONSISTING OF SHEET PILE WALLS, GABION BASKETS, AND SHALE VISUAL < Z
ol PILE LAGGING WALLS WERE LOCATED ALONG THE DOWNHILL SLOPE. A ROCK PROTECTION BLANKET
S| WAS RECENTLY PLACED BY ODOT TO REDUCE FURTHER EROSION. THE LANDSLIDE AFFECTS == L IMESTONE VISUAL PARTICLE SIZE DEFINITIONS 9 <
2| APPROXIMATELY 300 FEET OF THE ROADWAY. THE BANK OF THE CREEK WAS WELL VEGETATED. == . . - <
9 12 3 2.0 mm 0.42 mm 0.074 mm 0.005 mm —
| SUBSURFACE EXPLORATION =z  PAVEMENT AND/OR BASE = X = APPROXIMATE THICKNESS VISUAL L 1
5 BOULDERS | COBBLES GRAVEL | COARSE SAND FINE SAND SILT CLAY &) 0
5| ODOTADVANCED FOUR BORINGS IN 2022 TO OBTAIN GEOTECHNICAL DATA FOR THE PROPOSED T
9| LANDSLIDE STABILIZATION. THE BORINGS WERE ADVANCED ALONG THE EASTBOUND SHOULDER OF %? BORING LOCATION - PLAN VIEW No. 10 SIEVE No. 40 SIEVE No. 200 SIEVE —
t| THE ROAD. THE BORINGS WERE ADVANCED IN ACCORDANCE WITH THE ODOT SPECIFICATIONS FOR
3| GEOTECHNICAL EXPLORATIONS (SGE). THE BORINGS WERE PERFORMED WITH A CME 55 TRUCK O
| MOUNTED DRILL RIG USING 3%-INCH INSIDE DIAMETER (ID) HOLLOW STEM AUGERS TO ADVANCE LLI
5| THE BORINGS THROUGH SOIL. STANDARD PENETRATION TEST (SPT) SAMPLING WAS PERFORMED : DRIVE SAMPLE AND/OR ROCK CORE BORING PLOTTED TO VERTICAL SCALE ONLY. Q)
S| CONTINUOUSLY UNTIL THE BEDROCK WAS ENCOUNTERED. 10 FEET OF BEDROCK WAS CORED PRIOR ! HORIZONTAL BAR INDICATES A CHANGE IN STRATIGRAPHY
>| TO TERMINATION IN TWO BORINGS. THE ENERGY RATIO (ER) OF THE CME 55 AUTOMATIC HAMMER AND i '
S| DRILL ROD SYSTEM WERE MEASURED TO BE 83.6 PERCENT ON APRIL 15, 2020. N INDICATES STANDARD PENETRATION RESISTANCE NORMALIZED TO
Ne) 60 o)
g EXPLORATION FINDINGS 60% DRILL ROD ENERGY RATIO.
| THE SURFACE MATERIALS ENCOUNTERED IN THE BORINGS CONSISTED OF 12 TO 18 INCHES WC  INDICATES WATER CONTENT IN PERCENT. BEDROCK TEST SUMMARY
©| OF ASPHALT FOLLOWED BY 6 INCHES OF BASE. BELOW THE ROADWAY MATERIALS,
2 3| GRANULAR SOIL TYPICALLY CLASSIFYING AS GRAVEL AND STONE FRAGMENTS WITH SAND AND .
S| SILT (A-2-4) OR GRAVEL AND STONE FRAGMENTS WITH SAND (A-1-B) WERE ENCOUNTERED TO XY/D" %S%ﬁfﬂ%gg glL:%va(s)Vf/g/;g ;Aé\’,l,)\,@ﬁgg ?O’ECTSARQ?&TE%?T (SPT): EXPLOR.ID  |SAMPLE ELEV. SAMPLE DEPTH| o, (ps)  |LITHOLOGY
5 . (FT.) (FT.)
25| PREDOMINATELY FINE-GRAINED, CLASSIFYING AS SANDY SILT (A-4A), SILT AND CLAY (A-6A), ' 656.0-655.6" 22 6-23.0" 7 724 L IMESTONE
= 2| SILTY CLAY (A-6B), AND CLAY (A-7-6).THE FINE-GRAINED SOILS WERE DESCRIBED AS MEDIUM ST INDICATES A SHELBY TUBE SAMPLE B-001-0-22 ses e ’
% 2 ST/Fé: Té) HARD, SHADES OF BROWN TO GRAY, DAMP TO MOIST, AND SLIGHTLY TO MODERATELY : 650.0"-649.7 28.6%-28.9 90 SHALE
PLASTIC.
] % SS INDICATES A SPLIT SPOON SAMPLE, STANDARD PENETRATION TEST. 5007022 645.7-645.3" 31.3-31.7" 12,468 L IMESTONE
©a| INBORINGS B-001-0-22, B-002-0-22, AND B-004-0-22, THIN LAYERS (1.5 TO 4.5 FEET) OF COARSE- W—  INDICATES FREE WATER. 641.5-641.1" 35.5'-35.9" 50 SHALE
v o|  GRAINED SOILS WERE ENCOUNTERED AT VARIOUS DEPTHS. IN B-003-0-22, COARSE-GRAINED
&% | MATERIAL WAS ENCOUNTERED FROM A DEPTH OF 6.0 FEET TO 19.5 FEET. THESE COARSE-GRAINED R INDICATES THE TOP OF ROCK.
e <| MATERIALS WERE VISUALLY DESCRIBED OR CLASSIFIED AS GRAVEL AND STONE FRAGMENTS WITH
= S| SANDAND SILT (A-2-4), GRAVEL AND STONE FRAGMENTS WITH SAND (A-1-B), GRAVEL AND STONE
~ 2| FRAGMENTS WITH SAND, SILT, AND CLAY (A-2-6), OR COARSE AND FINE SAND (A-3A). THE SOILS LOl INDICATES ORGANIC CONTENT BY LOSS ON IGNITION, AASHTO T267. ORGANIC CONTENT BY LOSS ON IGNITION TEST
g : WERE DESCRIBED AS LOOSE TO VERY DENSE, BROWN TO GRAY, AND DAMP TO MOIST. ?’E)I SLAKE DURABILITY TEST. ASTM D4644. L oR i SAMPLE SAMPLE SAMPLE Lor %% DESIGN AGENCY
N
> 5| BEDROCK WAS ENCOUNTERED AT DEPTH OF 19.5 FEET IN B-001-0-22 AND 31.0 FEET IN B-002-0-22. ' ID ELEVATION DEPTH >
~ 2| BEDROCK WAS NOT ENCOUNTERED IN B-003-0-22 OR B-004-0-22. BEDROCK WAS DESCRIBED AS Qu INDICATES UNCONFINED COMPRESSION TEST, (ROCK) ASTM D7012. — —
i 2| INTERBEDDED SHALE AND LIMESTONE. THE SHALE WAS DESCRIBED AS BROWN TO GRAY, HIGHLY B-001-0-22 SS-2 675.6-674.1 3.04.5 9.9
< 2| TO MODERATELY WEATHERED, VERY WEAK, THINLY LAMINATED, AND CALCAREOUS. THE LIMESTONE RECON. - EK & JS 04/29/24 SS-3 674.1-672.6" 4.56.0" 4.7
+| WAS DESCRIBED AS MEDIUM LIGHT GRAY, MODERATELY WEATHERED, STRONG, THIN BEDDED, AND Stantec
28| FOSSILIFEROUS. TEN FEET OF BEDROCK WAS CORED IN EACH BORING PRIOR TO TERMINATION. DRILLING - ODOT/CARY & McLEISH 01/24/22 - 02/08/22 B.002-0.22 SS-2 674.0-672.5" 3.0-4.5' 5.4 10200 Alfance Roac,
z c UNCONFINED COMPRESS/VE TEST/NG WAS COMPLETED ON TWO SAMPLES OF LIMESTONE, RESULTING -00 -0- SS-13 657 5!_656 0' 19 5'_21 or 5 5 CL;rqunnoﬂ, OH 45242
8 2| IN COMPRESSIVE STRENGTHS OF 7,724 AND 12,468 POUNDS PER SQUARE INCH (PSI). TESTING OF TWO DRAWN - MJ 07/2024 : : =41 : (513) 842-6200
5 o| SAMPLES OF SHALE BEDROCK RESULTED IN UNCONFINED COMPRESSIVE STRENGTHS OF 50 AND 90 PSI. DESIGNER
N D2 REVIEWED - EK 11/2024 MSJ
Q) ~ ol GROUNDWATER WAS NOT OBSERVED WHILE DRILLING B-001-0-22 AND B-002-0-22; HOWEVER, THIS MAY REVIEWER
AN 55| HAVE BEEN OBSCURED BY THE ADDITION OF WATER DURING ROCK CORING. IT IS LIKELY THAT EMK  11/22/24
S = 2| GROUNDWATER IS PRESENT WITHIN THE BEDROCK AT THESE TWO LOCATIONS. GROUNDWATER WAS e
o | OBSERVED DURING DRILLING AT A DEPTH OF 15 FEET IN B-003-0-22 AND 16 FEET IN B-004-0-23. 116204
+ O
Y1 92| BORINGS B-003-0-22 AND B-004-0-22 WERE TERMINATED AT A DEPTH OF 49.5 FEET AND 45.0 FEET SUBSET  TOTAL
— ©“<| RESPECTIVELY PRIOR TO ENCOUNTERING BEDROCK. THESE WERE TERMINATED DUE TO ENCOUNTERING 1 7
D 2| ANATURAL GAS POCKET. S
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TOTAL

MSJ
REVIEWER
SUBSET

EMK 11/22/24

Cincinnati, OH 45242
PROJECT ID

(513) 842-8200

Suite 300
DESIGNER

Stantec

DESIGN AGENCY

TOTAL

39

SHEET

P.36

SdIHO 3LINOLN3G "g7 02 HLIM A3IXIN SONILLND ¥39NV  SAILILNVND ‘STVIYILVIN 'SAOHLIN LNIWNOANVEY
'SINIWNYLSNI IAVHED AIAYNS LOIYLSIA WO¥H AFTI/ONOT/LYT ONIJOD 340439 A¥A IT10H  'STLON
ONITTANI
S L g03 . _ AV1O HLIM 3¥NLOVYS ITONV HOIH :0'L - .8' 07D
Ty ] 0'9€9 |
mmww@ : - 0¥ — m-_H|
PS5 < T .
ERSrs - 6E — ..|_H“
il B ¢"CON | 66 ee i T YIS AV1O 8'9€ - £'9¢D
7> - 88 —— 1Isd 0G = ND 4od 9y} = 4 ‘JTVHS '6'SE - .G'SE @
P e = %Y LY = ZPl ‘TIVHS ~.0'9€ - .0°S€ @
ey 4 Bl T FYNLOVYH FTONY HOIH L€'€€ - .L2€D
e < 9 ——  Isdgop'zL =nDyod g9l = 4 ‘INOLSANIT-L'LE- £ LED
SR i - SININOVHA ANOLSTINIT HLIM AV1D G2 LE - 0 LED
< e 1€ | e == 'SIHONI 6 OL STHONI
A == G'0 INOY4 SSINMOIHL NI STONVY ‘SNOFHVI VO
< b e T ATLHOITS ‘A3LVNINVT AINIHL ‘MYIM AHIA
A 1 e _ - F— 'AIYIHLYIM ATHOIH ‘AVEO ANV NMOYE ‘ITVHS
27| W00 }-¢ON | 001 Gl e — %12 OL .} SSANMOIHL NI STONVY
o1 L | ~—= ‘SNOY34ITISSO4 ‘d3ad3d NIHL ‘'ONOYLS ‘AIYIHLYIM
N o o ATALVHIAON ‘AVEO LHOIT NNIAIN ‘INOLSANIT
L 1) - 1| %86 "03H ‘%EY ADY ‘A009D ‘AMO0Td
m@wﬁ s e F— '(%.¥) ITVHS ANV (%€S) INOLSIWIT ad3AaIgHILNI
@ﬁmﬁ _ . _ _ | s oML 0'9%9
> (8)d9-v | €L [9L |9l |ce|€e|LE| G | G |92 |GZ¢€| 02-SS | €8 Sl e S319900/S43a1Nog
N@l Y j INOLSINIT AFYTLNNOONT 1,0°0€ - .5'82D
R AV A e e e I e I R B 7 A -1 S A (Y- N P dANVA ‘aNVS JTLLIT 'SINIWNOVHL ANOLS
Nm@m = 61 JNOS ‘AVID ALTIS ‘AVHO ANV NMOYE ‘44ILS AYIA
Ko > ] .
<F 6 o | G'8¥9
TS (Negy | L | - | - | - |- -] -] -1]-ooe| s-ss |ooL |z | 9 [ %]
22 M sz
< < —
2 A 6 |
>4 (Nev | GL | - | - | - | - | - | - |- |- |06C| LSS |00L |0 | S || g |
5 Do e 92
TN 9 g7 ||
Tl (Negv | 6L | - - | - - | - | - | -] - |0SZ| 9SS |00k | €L | € i
Tz N 4 bz
ey < B / ]
7K (8)e9 | GL el |eL|9z|ze 9s|9L| 2 | 6 |05Z| G-SS |00k | ZL | S [| ez 1SION ‘SININOVHL INOLS ANV 13AVHEO JOVHL ‘ANVS
< MAMM € - JNOS ‘AVID ANV LIS ‘NMOYE HSIAVYD ‘4411S AY3IA
@ N
2N ] Ll G99 ‘
_ . _ - 22 — 1SION ‘SININOVHEH INOLS F1LLIT
vz (9089 | ¥L | LL | VL | G2 |22 | Ve |GL | L | LV |0S€E| VI 001 8 _ , _ :
Mﬂ Z (©) SS 3¢ 9 N ANVS JNOS ‘AVIO ANV LIS ‘AVYO ‘44ILS AYTIA
SRS n he 0°959 dINVA (%S°S = 107) DINVOHO AT3LYHIAON
wwﬁ%ﬂm (6)e9-v | LL €L |8L|LE|LE |2V | L | ¥ | 9L |GZC| €SS | L9 | 6C | O} s 0z dh_/.__wwm.wﬁ_ﬂﬁmﬂzmmm_@wﬁm%w%% mm.__/wm_ﬁwm.%hmx
A&vwﬁ_ﬁwwwu |
ot ok / A G'/59
e ey | wL | - - - - - - - | - Jooe| ziss ook | 4k g [0 oD
g m&ﬁ@& ' 41 AVHO 1081
<N g _
o5 (Nery | gL |- - - | - | - - |- |- lszzlwss |9 |se | 2 [, ]
Ll o
bz 4’ AVHO ANV NMOH4g 5910
@@ 1% 8 )
ol (Neyy | v | - | - |- - | - - - | - |ooe| oi-ss |oob| 8L | s [T
s i)
TP o
P 8 | _
L @ey | B (01862826 8L 8 6 \007) 688 000|078 Ly, S1LLM ‘AYiO INOS LIS AGNYS AV ‘33115 AUIA
274
e (A) B9V | 9} 8-SS | 0 o el - °E
> > - - - - - - - - - - - 8¢
LD 6| , NIMVL SONILLND ¥IONY ‘AYIAOOIH ON S€L -.02L®
%W g 8 ||
< (Q) B | L | €L | €L |92 | GT | €€ | 6L | 6 | ¥k |00€| LSS |00 | 8L | § [, . LSIOW “13AVHO ITLLIT ‘ANVS INOS
o Lok 4 j : AV ANV LIS ‘AVHO ANV NMOYG ‘441LS AY3IA
<D ¢l 0L G999 [+ : : :
727201V | 6 |dN|dN|dN| ¥ (9L 2L |ZL[LG| - | 9SS | 95 | 8z | 8 . AR dNVQ ‘AV1O FOVHL "LTIS F1LLIT 'ANVS
P ol Sl o _ N HLIM SINJWOVY4 INOLS ‘NMOYE ‘'ISNIA WNIAIN
ot L ¢ | 0899 .
24w (L)eov | Gz |GL | vl |6C |22 |6€ 8L | G | 9L |00k GSS (00b| L | T | o | | | _LSIOW "13AVYD T1LLIT
o1 L & Z - ANVS JNOS ‘AVID ANV LIS ‘NMOY4G ‘441LS WNIgIW
7 TZZzn :
Zpn 2R 9 -, G699
gt el (INAOY | 02 | - | - | - | - | - | - | - | - |00€| ¥SS |00L| Gl | § 5 L
%LAW 9 —
W ] (L)A9-V | Lz | 8L 2L [GE |8 LS |OL| L | O |00E| €SS | 96 ’ G | LSION
<~ TE Ll o & — ‘aNVS FTLLIT ‘AVTIO ALTIS ‘NMONE ‘44I1S AYIA
CaNE 9 - 29 . dNVad (%S =107) OINVOHO
%ﬁm (9e9v | vh vk L |1e 12 |28 ek 2k 2z 02| Z8S | v s § [T v A e NS TS BNV L S Iy e oS
Koz >
T b € 0vL9 [N dAVa (LS3L OL TVIYILVIN HDNONI LON)
7> (Nabviob | - | - |- |- |-|-|- |- -|vss |2 |u|v [, | AA% 'AV10 3OVHL ‘17IS 31L1IT ‘ANVS HLIM SININOVA
=2 MNMM S | B ANOLS ANV TIAVYO ‘NMO¥E 'ISNIA WNIGIN
> - G'G/9
s D b
L - j (.81) LIVHASY
T4 | o)ssyip | OM | 1d [ d | 71| 10 | 1S | s4 | SO | ¥9 | (J9) al (%) N aoy SH143q 0°L.9 S3JLON ANV
Move | 10odo O¥3gy3ILLY | (%) NOILYAvyD dH |31dAVS |03y /1dS ERE! NOILdI¥OS3Ad TVIdTLVIN
L1401 00/9/. 8- '0.¥S9€ 6€ 'ONO1/ LV 9'¢8 (%) OlLVY ADY3ANI 1dS !JOHLIN ONITdAVS Zc/lz/l N3 TT/ST/L  L™VLS
39vd BOLy @03 (ASW) 0.9 NOILVATII | 02/SHP  3L1vd NOILYHEITVO ZON/VSH .S2°¢ ‘JOHL3IN ONITTIYA INAS  ¥02Z9LL :did
27-0-200-9 9ZL IS 10 INJANOITY | OILVANOLNVYIND  MIWAVH | HSIFTOW /100 ¥IDO0T/WHId ONITHINVYS TTVM ONINIVLIY ‘AdAL
al NOILYHO1dX3| L¥.vl16+2l  :113S440/NOILVLS MONYLGSIND O TI™NA | AT™VO/LOA0  HOLVHIMO / WHId ONITTIEA 26'2-921-1ng 1103royd

u8p'z001Z ¥0Z9TT\SI93YS\|ed1uyda30an\dajuels sulaaulidul-Toy\r0Z9TT\42|3Ing\80 3213sIQ\s33f0id aAROY TO\suawndog\zo-md-3opolyo:wod-Asjzuaq-md-jopoiyo\\:md

SSUIUUSMIAI :43SN INd 81 €Y :INIL ¥202/TZ/TT :31va ("ul) ZTTXpe :3Z1SY3dvd 199yS :TIAON

¢6¢-9¢1-1N4d




¢C-0-€00-9 501 5NIH04d
TIVAM DNINIVL3d - 37140dd TVIINHO31039

<
Cd2 N
5 S~ |_7|_9
. QS ¢ 3| <E~[E®
> o o] S|lEQ] Slo o
o o 0OfY AlIE S N ki =
O Cs =% Sl <2
< ZooQqfx > P—
U =scdlz |2 13|~ N
pd oReR= o O |
O] i Wm QoM
75 O2F ;b In @) 2} w A
L CV]SC(E
@) a) w & 2 &

d3LVM VO 0€ -LNOYD ILINOLNIFG "9 0G AIINIHL -SAIHO FLINOLNIFG '910G A3HNOd  -SIILILNVYNO 'STIVIYILVYIN 'SAOHLIN LNIFWNOANVEY

‘SINIWNNELSNI 3AVEO AIALNS 10141S1d NOdd AT 13a/ONOT/LVT -SJ10N

13X00d SVO TVANLVYN
VY ONIYILINNOONT OL1 INA ONIYOEY 40 AN3 '.5'67®

m
1N

 6p 8'929 .O.UH...
PN —— - - - - - - - - - - P — u..”.n.v
©vev| 9 | v €| LL|6 |Zb|2TL|VL LG | - | ¥2SS | €8 /8L | 0L || ,. | AN
94 | DR
|©.V| .mw....ﬂm 3 ;
B i ) SN0R3 diAvd ‘AVTO FOVAL ‘LIS ANV
N =aAlE:) - - - - - - - - - €¢-SS Y001/ - " .E0Sm ¢y MERSS ANVS HLIM SINJNOVY4 INOLS AVHO dSNIA AHIA
B | €1€9
- gy — .«%
-z — m
3400 C¢-CON | € 0 F - k\.
Ly — R.\
O — %
6E — W\\
8¢ — m
iyre ,\.
3409 1l-ZON | OV 0 H . &.\
- 9¢ — N
(9egv | - |LL |Gl |9z |/z|z2e|9L|GL|OL| - 57 W\\ . .
e \«. S379902/S43d1N09 A3IY3ALNNOONT 0¥ - 0 ve®
(Negv | gL | - |- |- -|-|-]-]-|ogeg|cess |oob| - |0 -
5 ee
(9)e9-v | GL |LL |2l €2 |62 |€C|8L | 8 |CL|0SC| LSS | 29 | IZ @#Hlmmm
8 [,
(Neov |¢eb | - | -|-|-|-1]-1]-1|-1]09¢|02SsS |ooL|oz | 9 [ |
5 °l g
(nNeov gL | -|-|-|-|-1]-1]-1]-1]00¢| 6LSS |00L| 0Z | S Wamm .
€ j dOOM SNIVLNOD -.5'82®@
9 | o7 |
(L)eov | Gl |zv|¢ch sz ze|ve 8L | 8| 8 |osz| 8-S |00L| SL | s [ 8¢
e
5 1T —
nNeov | vL | - | - |- |- |- |-|-1]-1]09¢| LSS | €8 |2 | /L Wmmll
%
/ | gz
(Neov | gL | - | - |-|-|-1]-1]-1|-1]00¢|9lsSs |ooL| L | S [ |
5 "l vz
(9)e9v | #L |2L €L G2 |62 |¥E|ZL| 8 | 2L |00CZ| GL-SS |00L | ZL | 9 Wmmm .
Z j 4411S AY3N 15220
oL | - |
WNeov | vL | - | - | -] -] -] -]-1]-]o0L ¥-ss ss|oz| &6 []%] |
sl |, 4411S:.0'120
6 _
(G)eov | 2L |zv |2k | vz |sz|oe|8L |1 |91 |osz| €SS | 99 L] ] LSIOW SINIJNOVHS INOLS ANV 13AVHO F 1LLI |
ce v 02 — ANVS JNOS ‘AVT1D ANV LIS ‘AVHD ‘44ILS AHIA
6 |lg — 8959 {1 | | diNva
(Ovev|oL |6 |2t|Lz|€L|6L|GL|CL|W ]| - | 2SS |8 |0z ]| S | | e AV10 F1LLIT ‘L7IS ANV ANVS HLIM SINIWO VA
% Nl ANOLS ‘AVHSO ANV NMO¥Y4 ‘ISNIA NNIAIN
s [ €8G9 [ 1
NaLv|ioL | - |- -|-]-1-|-1-1~-1MWwWSss |19 |z 8 iy SYL) .
S ) RS 13IM G910
S  Uo QT . _ .
(009-L-V| 8 |AN|dN|dAN| ¥ | 2L |€L|SL|9G| - | OkSS | 96 | 1L | ¢ [| I | A m LSIOW ‘AV10 FOVHL ‘11IS 31LLIT ‘ANVS
€ N0 HLIM SINIWOVYH INOLS ‘NMO¥G ‘ISNIA WNIAIN
2z 1| Y Te199 M| g9 [t | |
(0)ee-v | #1 |AN|dAN|dAN| S |¥2 |8l |8E | Sl | - 6SS | v | 9 ¢ I, _ X I LSIOW ‘AV1O FOVYL ‘SININOVYES INOLS ITLLIT
Z | i '171S AINOS ‘ANVS AN ANV 3SH¥VO0D ‘NMO¥E ‘9S00
/ 0~ 8299 . . . _
(aLv| 2 |G |9L|LZ| 9 |G| |2L|SL|2S]| - 8SS | v | 8L | 9 | e | AL dNVQ ‘AV10 30VHL ‘LIS I1LLIT ‘ANVS
off , ¥ D HLIM SINFWOVY4 INOLS ‘NMOHG ‘ASNIA WNIAIN
8 | i Y99 %
Nezv| 6 | - |- |- |- |- -|-|-]-|zrss o | £ [, ] e
6 euxe)
— N o
0L W o R
0092V | OL |2L|SL|ZZz|vL|8L|8BL| 8 |2V | - 9SS | 05 | GZ | 8 || | AR
m V..C..
6 6 — Om@
Noezv | vL | - | - | - | - |- | -]-1-1]- G-SS | LL |0z | § lel S0
e e
] i 4.
Noezv| 6 | - |- |- | -|-1-|-]-]-]vss |e || v [+ A diNVa ‘AV1D ANV ‘1TIS ‘aNVS
4INP T HLIM SINJWOVY4 INOLS ‘NMO¥G ‘ASNIA WNIAIN
€ | i €'0.9
(nNeov oL | - |- - |- |-|-1|-1]-1]00¢ €SS |¥r| 8 mmlml
(8e9v | 1z |Gl 9L 1€ [z |l |€E €| 0 |00Z) €SS | o | , [¢¢ BV diNVQ ‘aNVS .ANV. ‘AV1O dNV LIS ‘NMOYE ‘44ILS
NaL-v| € | - -1 -1-1-1-1-1-1]~-1]Vess off o L'2L9 [0 3S007:0€®
L | | QT . _ .
(0dL-V| ¥ |dN|dN|dAN| G [¥L |Gl 8L |8V | - b-Ss 8L |y | LV [, ] A om dNVA ‘AVTO OVHL "LTIS 3TLLIT ‘ANVS HLIM
ol | o SINIWOVYH INOLS ANV TIAVYD ‘NMO¥G ‘ISNIA
H 8'¥/9
i | (.9) 3svd % (.2l) LTIVHdASY
A3Tv3aS| (9)ssv1o | OM | Id [ d | 11 [ 1D | IS | S4 | SO | ¥9 | (Is)) al (%) N aoy SH143q €99 S3I1ON dNV
370H | 1040 ov3gy3ILLY | (%) NOILVAvHD dH |31dNVS |03y /1dS VERE! NOILdI¥OS3A TVIMILYIN
L 40 L 08€9// ¥8- ‘0GE€S9€E 6€ ONOT/ 1LV 9'€8 (%) OlLVH ADY3AN3 1dS AOHL3IN ONITdINVS 22V 'AN3  2Z/lZ/L 1YVIS
39vd BGey  :do3 (ASW) €929 NOILVAIIA| 0z/SL/y  :31vd NOILvddIvD ZON /VSH .G2°€ AOHL3IN ONITTI™A IN4S  $02Z9LL :Aid
27-0-200-9 9zl ¥S 10 INJANOITY | DILVINOLNVY IND  HMIWWVH | HSIFTOW/10d0 ¥IDD0T/ WHI4 ONITdNVS TIVM ONINIVLIY ‘IdAL
adl NOILYHO1dX3| Ld.Z°/8+€L  :13S440/NOILVLS MONYLSGSAND O TIHEA | AFHVO /1040  HOLVHIHO / INdHI4 ONITTI™A 26'2-921-1N9 1103rodd

USp'€001Z ¥0Z9TT\SI93Ys\|ediuyda3oan\dajuels sulaaulidul-Toy\r0Z9TT\42|3ng\80 3213sIQ\s13f0id aAROY TO\suawndog\zo-md-3opolyo:wod Asjzuaq-md-jopoiyo\\:md

("u1) Zexve :32I1SY3dVd 399YS :1IA0N

¢6¢-9¢1-1N4d

SBUIUUSMIAI *HISN INd TE'EE Y :INIL ¥202/TZ/TT :31va




¢¢-0-¥00-9 501 5NI404d
TIVAM DNINIVL3d - 37140dd TVIINHO31039

<
Cd2 N
5 & ~ RN [e))
. Q2 g J| <E~ES
> o o] S|lEQ] Slo o
o o 08 SWl o L =
U] no =D MElDrO
< ZooQqfx > N
=33z |2 I3~ 0
= oD col= o O |
O g © 0 0F]O Wm o 0I5 M
75 O2F ;b In @) 2} w A
L CV]SC(E
a a w |5 A &

Y31IVM VO 0€ ‘LNOYD FLINOLNIAG 'g7 05 AIINTHL ‘SdIHO ALINOLNIEG '970S A3JIN0d SAILIINVYNO ‘STVIHALVYIN ‘'SGOHLIWN INIWNOANVaY
'SINIWNYLSNI IAVED AIAENS 1O191SId WO AFT1F/ONOT/LVT 'NOILITdINOD NOdN Add ITOH STLON
13M00d SVYO TVHN1VYN
VY ONIYILNNOONT 01 3NA SNIY¥Od 40 AN3T .0'Sv D
Cit a3 ;
wN | gJV ] avud m —\m”® .@....ﬁuﬁ . .
091V | € |[dN|dN|dN| 9 (€L |LL |22 |2r| - | 62°SS | L9 | 8L | 82 [ .o | AN dNVA ‘AV10 JOVHL ‘ONVS ITLLIT
e | o ANVS HLIM SININOVYH INOLS ‘AVYD ‘ISNIA AHIA
6L U oep 0°€€9
nNeov | LL | - | - |- |- | -1]-]-|-1]09¢C|8SS |9 |¢ev| ¢ [| | .
0l 44ILS AY3N 102V
D 2y —
Neg-v | LL | - | - | - | - |- |- 1|-1]- |+GV| L2-SS | 6€ | €F SmWSI'
g€ [ op .
(b)eo-v | €L | LL (€L |vZ|€C|0€|LL| 6 |12 |00F| 92-SS |00k | ¥9 | LI || | | ~ dIAVA ‘'SINIFNOVHL INOLS
G JINOS ‘ANVS JNOS ‘AVIO ANV LIS ‘AVHO ‘AYVH
TR I G /€9
(€L)A9-v| 6L |22 |ZL |6E |¥S|€€|LL | 2 | O |0SC| SG2'SS |00V | G2 | £ | ge | | . | 1SION
€ - ANVS 31LLIT AV ALTIS ‘AVHO MHVA ‘4411S AYIA
ob [ e 0'6€9
(Negv | vL | - | - | - | -|-|-|-]-|05C| ¥2SS |00L | 82 | OL [ | .
9 4411S AY3A 109D
5 9 —
(Neov | gL | - | - |- |- |- -1|-1|-1]09L|¢€zsSsS |ooL|Lz | 9 Wmmm .
Z - 4411S "SVED
6 | e |
(eov | Gl |zL |¥L |9z |1 |ee|8L| 8 |ob|osz| zzss |ooL| 2z | £ [ "¢
.v
5 €€ —
Negv | v | - | - | -] -] -|-|-|-1]09¢ 1zSS | €8 |z | . Wmmm
g
6 e
nNeov | v | - | - |- |- |-]-1]-|-1]0g¢|0ZSS |ooL|lLz | 9 [ |
oL el og —
(€)eov | €L | vb | €L | L2 2C|€C | 9L | ¥k |GZ 00€| 6LSS | €8 | €g | Ob [| o | .
€ i 1SION 582D
6 | o7 .
(Negv | bb | - | - | -] -1-1]-1-1]-loge si-ss |ooL| 1z | 9 [] %] dAYA ‘SLININOVHL INOLS ANV TIAVED INOS
8 '‘ANVS JINOS ‘AV1O ANV LIS ‘AVYHO ‘44I1S AHIA
vl e G'6Y9
(Veyv | yL |OL| ¥l |¥C 6L |02 |8k 6L|¥C|0S0| LSS |00k | €€ | O || of | LSION ‘AV1D F1LLIT ‘'SININOVHS INOLS ANV
G j 13AVEO INOS ‘LIS AGNVS ‘AVYO ‘4411S WNIaIW
0b U ez 0169
(2)eov | 2L | LL | ¥l |SZ |l |¥2 | L)L |SL|€Z|0S€| 91-SS |00} | 92 mﬁ |
) ve
Negv | v | - | - | - |- |- |- |-]-1]00¢| GLSS |2 |8 | 8 Wmmm
4
A
(Negv | €L | - | - |- | -|-|-|-]-|00Fv| ¥vL-SS |00L | LE | 8 [ | .
9 diAva '.0°'1c®
D 1Z —
(Negv | ob | - | - |- |- |- |- -|-|00€ €SS |00}| OV | Cb [| 5, _
4
2k g
(S)eo-v | vL | LL |¥L|GZ |8 |LE |9L| 8 |ZL|00E| 2L-SS | €8 | 92 | L || i .
9 4411S AY¥3IA 081D
ol 8l —
(Negv | ZL | = | - | - | = |~ |- |- |- |00 tss 8 | 9 | W [, | . .
Ll | 1SION ‘4411S G911 D
8 il
Negv | et | - | - | -] -1]-1-1-1]-1looe| or-ss |oot| g | s [[° Tcoo9 M
€
oL Gl —
(@eov | €L |€L €L |9z be |26 2L 9 | 6 |00€| 6-SS |00} o [ ., | . LSIOW "SININOVHS INOLS JOVHL
cc y v — ANVS JNOS ‘AV1D ANV LIS ‘AVYO ‘4411S AYIA
vl e 0'€99 . | diNva
(L)eov | €L |vL €L |22 |22 |€e |9V | L |2V |S2€| 8SS |8, |1 | 8 [ i SININOVHH INOLS ANV T3AVYO JT1LLIT ‘ANVS JNOS
ell 5 ‘AV1O ANV LIS ‘AVHSO ANV NMO¥E ‘44I1S AH3IA
m | ] G'¥99 om@v
Nvev| 8 | - |- |- |- -|-1|-1-1|- /-SS | 95 | 6c | Ob ||, | xS
o bR
2 Q-
T NAYES
Wvev| o | - | - |- -1-|-1-]-1-19ss 2|6 o0 [ S
8l o _ DO
J I - Q17 diAva
O vzv| L |6 |G |vZ|6 |vh|gh|oL|Gs| - | 6SS | vp |2 | § [| o ] L] 'AV10 JOVHL ‘L7IS ANV ANVS HLIM SINIWOVA
e i N ANOLS ANV 13AVYD ‘NMOY4G ‘ASNIA NNIaIN
4 Iy 0'699
(Naov|oz |- | -|-|-|-1]-|-1]-1]002| ¥SS |00l | 8 z | | .
2l o | 4411S 090
9 1 | 1SION ‘SINIFNOVH4 INOLS ANV TIAVYEO FOVHL
(0L)A9-V| 6L |9l | ZL |€c|vE |8 |92 | L | L |00€| €SS |00l | ¥l vmlml ‘ANVS ANOS ‘AV1D ALTIS ‘NMOYE ‘4411S AYIA
i dAva
L oy 0°¢/9 'SININOVHH ANOLS ANV TIAVHD JOVHL ‘ANVS JNOS
(€1 9-2v| 6L |¥T | 6L €V |TE | LE | LT | § | S |SL€| 2SS | L9 | G v " ‘111S WANV. ‘AV1D ‘NMOYE HSIAVYD ‘441LS AYIA
: e — 5e70 9L dAva
. s ARS ‘AV10 31LLIT 'L1IS ANV ANVS HLIM SINIWOVYL
s = = Ovy . ‘ ‘
%2V | 0k | g |Gl |0z L 8 6l 6l EE S I R Y R Mo ANOLS ANV TIAVHO ‘NMOXE ‘ISNIA WNIAIW
n 6.9
I —\ |
i | (,9) 3sva % (.¥)) LTVHJSY
A3Tv3aS| (9)ssv1o | OM | Id [ d | 11 [ 1D | IS | S4 | SO | ¥9 | (Is)) al (%) aoy SH143q G99 S3I1ON dNV
3710H | 1odo O¥3gy3ILLY | (%) NOILYAvyD dH |31dAVS |03y /1dS ERE! NOILdI¥OS3Ad TVIdTLVIN
L 40 L 0609.. 8- ‘01.2S9¢'6€ ONOT/ LV 9'¢8 (%) OlLVd ADHANT 1ds :AOHLAN ONITdNVS 22/8/T N3 22/l 1YVIS
39vd Bosy 903 (ISW) 6929 :NOILVAIIE | 02Z/SL/y  31vd NOILYHgITvO VSH .52'€ :dOHLAN ONITTIHEA IN4S  +029LL  :did
27-0-500-9 AR INJFANOITY | OILVIWOLNYIND  ¥IWAVH | HSIFTOW/L10d0 ¥ID9D0T/WHId ONITdINYS TIVM ONINIVLIH AdAL
al NOILYHO1dX3 1d.8'68+vl  :13S440/NOILVLS MONYLGS IND O TUEA| AFHVO /1000 HOLVHIHO / NdI4 ONITTI™A 26'2-921-1Nn49 1103royd

usp¥001Z ¥0Z9TT\SI29YS\|e21UyI91099H\233uelS SuliaauIBu3-T0r\r0Z9TT\42[3NG\80 1211sIQ\s103(0ud ALY TO\sIUawNn20Qq\z0-md-10poiyo:wod-Asauaq md-jopolyo\\:md

("u1) Zexve :32I1SY3dVd 399YS :1IA0N

¢6¢-9¢1-1N4d

SBUIUUSMIAI *H3ISN INd PT:¥E v :JNIL ¥202/TZ/TT :31va




BUT-126-2.92

USER: Mdennings

DATE: Il/21/2024  TIME: 4:35:07 PM

(in.)

pw:\\ohiodot-pw.bentley.com:ohiodot-pw-02\Documents\OlActive Projects\District 08\Butler\ll6204\40l-Engineering_Stantec\Geotechnical\Sheets\ll6204_7D00l.dgn

PAPERSIZE: 34x22

MODEL: 116240Sheet

SLAKE DURABILITY TEST Lab No.:
ASTM D 4644 Report Date: 2/15/2022
Office of Geotechnical Engineering Tech: C.B
County BUT Route 126 Section 2.9
Boring Number B-001-0-22 Distirict 8 PID 116204
Station Offset NA Offsest Direction NA
Latitude NA Longitude NA Ground Elev. (Ft) NA
Sample Number 1 Top Depth 23.1 Bottom Depth 24.0'
Geologic Unit
Description
P Shale
NATURAL MOISTURE DETERMINATION
1 ight T ight : ;
Pan ID Sample Weight (g) are Weight (g) . IN: 02/08/22 | OUT: 02/09/22 Moisture Content (%)
i 50131 1233.03 Time 14:10 7:15
' ' Mass | 1734.34 1655.62 18.63%
Start Time | End Time .
First Cycle (I
(mil): (mil): yele (lar)
7:20 7:30 Drum ID | Tare Weight (g) IN: 2/9/22 | OUT: 02/09/22
Final Dry Mass (g)
Start Temp | End Temp | Avg. Temp Time 740 11:20
(°C): (°C): (°C) 1 1233.03 ' '
21.0 20.9 20.95 Mass 1475.16 1432.21 199.18

Start Time | End Time

(mil): (mil): Second Cycle (Id2)

12:40 12:50 Drum ID | Tare Weight (g) IN:  2/9/22 |OUT: 2/10/22

Final Dry Mass (g)

Start Temp | End Temp | Avg. Temp 12:54 7:30

(°C): (°C): (°O) 1 1233.03 Time ' '

18.4 18.3 18.35 Mass 1361.21 1337.53 104.5

@-o0\-O-CC Slake Durability Index

z3. - D" u- .
501 After ) >

L= {(W-C)/(B-C); *100

Id2 — 24.7%

Retained Material
Type: 1l

(Reference Below)

From
ASTM D4644

Retained pieces remain
virtually unchanged

T1 T2

Retained material consists of
large and small pieces

T3

Retained material is
exclusively small pieces

SLAKE DURABILITY TEST Lab No.:
ASTM D 4644 Report Date: 2/15/2022
Office of Geotechnical Engineering Tech: C.B
County BUT Route 126 Section 2.9
Boring Number B-002-0-22 Distirict 8 PID 116204
Station Offset NA Offsest Direction NA
Latitude NA Longitude NA Ground Elev. (Ft) NA
Sample Number 2 Top Depth 35.0' Bottom Depth 36.0'
Geologic Unit
Description
P Shale
NATURAL MOISTURE DETERMINATION
Sample Weight Tare Weight : T:
Pan ID ample Weight (g) are Weight (g) = IN 1(212/1(2)8/22 0)8) 70125/09/22 Moisture Content (%)
ime : .
2 °13.0) 123320 Mass | 1746.89 1692.50 11.84%
Start Time | End Time .
First Cycle (I
(mil): (mil): yele (lar)
7:20 7:30 Drum ID | Tare Weight (g) IN: 2/9/22 | OUT: 02/09/22
Final Dry M
Start Temp | End Temp | Avg. Temp Time 7.40 11:20 inal Dry Mass (¢g)
(°C): (°C): (°C) 2 1233.26 ' '
20.1 21.4 20.75 Mass 1602.11 1564.41 331.15
Start Time | End Time
(mil): (mil): Second Cycle (Id2)
12:40 12:50 Drum ID | Tare Weight (g) IN: 2/9/22 |OUT: 2/10/22
Final Dry M
Start Temp | End Temp | Avg. Temp 12:55 7:30 inal Dry Mass (g)
(°O): (°O): (°C) 2 1233.26 Time ' '
18.3 18.4 18.35 Mass 1450.07 1423.49 190.23
SOL AF+ef Slake Durability Index
; ™. 2. ‘ - [,={(W-C)/(B-C)}*100

Before First -Cyclé

Aft

o i J‘:E e
er Seco

p =

b

Id2 — 41.4%

nd Cycle

Retained Material
Type: [

(Reference Below)

From
ASTM D4644

WF = Drum mass + oven dried specimum after second cycle; B = Drum mass + specimen prior to test; C = Drum mass

GEOTECHNICAL PROFILE -RETAINING WALL
LABORATORY TEST DATA

T1

Retained pieces remain
virtually unchanged

T2

Retained material consists of
large and small pieces

T3

Retained material is
exclusively small pieces

DESIGN AGENCY

Stantec

10200 Alliance Road,
Suite 300

Cincinnati, OH 45242
(513) 842-8200

DESIGNER
MSJ

REVIEWER
EMK 11/22/24

PROJECT ID
116204

SUBSET ~ TOTAL
7 7

SHEET ~ TOTAL
P.39 39




APPENDIX B
BEARING CAPACITY ANALYSES



Undrained

cohesion ()= from HPs psf
friction angle= degrees
of= pef
va= pef

Ne= cwg=
Ng= cwy=
Ny=

Shape factors
Bearing width (8) 12 ft

Bearing length (L) 455 ft
Bearing Depth (D) 10 ft

Nem=
Ngm=
Nym=
(GGG pst

Resistance factor (2020 LRFD Table 10.55.2.2-1):
0.5 for footings in clay

Drained

cohesion (c)= psf
friction angle= degrees
of= pcf
79= pcf

Ne= Ccwg=
Ng= cwy=
Ny=

Shape factors

Bearing width (8) 12 ft
Bearing length (L)
Bearing Depth (D)
Sc=

sq=
Sy=

10
Nem=
Ngm=
Nym=

an=

Resistance factor (2020 LRFD Table 10.55.2.2-1):
0.5 for footings in clay

key

pull from bearing design

Bearing Capacity by AASHTO 2020 LRFD 10.6.3.1.2a
g.=eN, + 1, DN _C, +057 BN _C_ (10.63.12-1)

in which: Assume load inclination factors are equal o 1.0, based on commentary in Section 10.3.1.2a.
N, =Nsi (10,6.3.1.20-2)
N = Nos,d i, (10.63.1.20-3) Assume depth correction factor, dg, is 1.0 based on Section 10.6.3.1.2a.
Nom=Nsi (10,631 20-4)
Table 10.6.3.1, ~Rearing Capacity Faciors N {Frandil, 1920, N, (Reisaner, 1924, and N, (Vesie, 1975) Table 1063020 3—SBape Corvection Factors s, a3,
b N, EA N, & N Ny M Factar Triction Angle Cohesion Term () | Unin Weight Term () | Surehargs Tenn [
414 1 [i] 3 181 87 8
= 3] 53 % 5 e v e
= = = = Shaps Factors |
3 ) K ot 5y (/) B
; e S o) | oz
& X3 T
7 2 30.
5 32 B
5 3 355 E 0.
. k] 38.6 2 35.
X 7 E x i) E 0.
0 45,
x 3 20 A 3 S
4 10 23 [0S
5 7 78,
] A 1 X 92,
7 E 5 1. 09,
X 3 T E 5 303
3 7 2 w5
2 6.4 1 3 Al A 8.5
2 7. 6.2 £ X 115 2906
2 [x 7 71 45 133.9 134 2718
Table 10.6.5.1.2a 2 Coeffickents C-, and o, for Variouns
Groumdwater Depihs o
Assume footing is below ground water depth
B oy Cur
[ 08 [0
— o D
A8+ Ly 10 1

Performed by: J. Samples 6/12/2024
Reviewed by: E. Kistner 6/20/2024



@ Stantec

BUT-126-2.92 RMR DETERMINATION FOR BEDROCK BEARING CAPACITY
BEDROCK CONDITIONS

According to B-001-0-22 and B-002-0-22, bedrock at the project site is described as highly weathered
interbedded shale and limestone. Ratio of the bedrock ranged from 47 to 64 percent shale and 36 to 53
percent limestone. Four unconfined compression strength tests were completed on this bedrock, two
shale samples and two limestone. From laboratory data provided by ODOT, the typical unconfined
compressive strength (qu) of rock at the site is:

Qu sh ate = 50 and 90 psi = average 70 psi
Qu 1i mestone = 7,724 and 12,468 psi — average 10,096 psi

The retaining wall will only bear on bedrock in the portion of the alignment with only B-001-0-22. A
weighted average using the interbedded shale and limestone ratio of 64 to 36 at B-001-0-22 was used to
determine typical compressive strength of the bedrock unit:

Qu,typicar = (.64 * 70 psi) + (.36 = 10,096 psi) = 3,679.4 psi
— 530 ksf lower to 520 ksf due to shale content and to use more conservative RMR strength value

Average unit weight of shale samples is 146 pounds per cubic foot (pcf) and the average unit weight of
limestone samples is 168 pcf. For analysis, a conservative value of 150 pcf was used due to the
fracturing and weathering of bedrock observed.

According to the Ohio Department of Transportation (ODOT) Geotechnical Design Manual (GDM) section
1303.3.3, bearing capacity on bedrock can be estimated using the rock mass rating (RMR) of the bedrock
unit.

Calculated by: J. Samples 6/12/2024
Reviewed by: E. Kistner 6/20/2024



@ Stantec

ROCK MASS RATING

From the 2012 AASHTO LRFD Bridge Design Specifications (table not available in 2020 AASHTO

LRFD):

Table 10.4.6.4-1—CGeomechanics Classification of Rock Masses

Purameter Ranﬁ:-s of Valies
Pgint load =75 ksf | B5-1T3 45-85 2045 For this low range, uniaxial
Strength of strength index kst ksf kst compressive test is preferved
illlﬂﬂi_fﬂﬂk Uniaxial =320 ksl | 2160 10R0— 520 205520 | T0-215 20070 ksf
1| muterial COIMprassive 4320 ksl | 2160 kef | DOEO kst ksf ksf
strength Py
Relative Rating 15 12 7 4 2 1 Ll
2 Dirill core quality ROD S to 1003 75% to M S0% Lo 75% 25% to S0% <25%
Relative Rating 20 17 ( ﬁ)_ 3 3
5 Spacing of joints =100 £ 3-10 1 1-3 ft 2ig1Hh =2 in.
Relative Rating a0 25 20 (10) 5
& Very pongh  |e Slightly roogh  |o Slghtly ¢ Slicken-sided s Soft gouge
surfaces surfaces rough surlices or =2 in.
= Mol o Separalion surfaces » Gouge <0.2 in. thick or
Condition of ioints continuous <005 m. ® Separation thick or = loinis open
: Jork o Mo separation [s Haed joint wall | =005 i e Jnints epen =2 in.
4 » Hard joint vock o Soft joint .05-0.2 in. s Continuous
wall Tock wll rock » Contimous jmints
e Joints
Relative Rating 25 20 ‘ 12 ’ 6 0
5| Groundwater Inflovwr per Mone <00 pal e 4002000 gal./hr. =2000 gal.'hr.
conditions 31t nnel
fuse one of the | length
three evaluation
eriteria as
appropriate fo
the method of
exploration} I okio — joint 0 0.0-0.2 0.2-0.5 0.5
waler
pressure’
o
principal
airess
Crencral Completely Dy Moist only Water under Severe waber
Comditions Cinterstifial water) maderate pressure proklens
Relative Rating 4] 7 4 0

Calculated by: J. Samples 6/12/2024
Reviewed by: E. Kistner 6/20/2024



@ Stantec

Based on Table 10.4.6.4-1 and the assumptions listed below, the RMR is estimated to be 44.

e Unconfined Compressive Strength: 520 ksf

e RQD from boring logs ranges between 33 and 78 percent, average of 56 percent

e Spacing of the joints is between one foot and two inches

e Condition of the joints is slightly rough with soft joint wall rock

e Bedrock is moist only

Based on an RMR of 44, the bedrock can be described as Class No. I, Fair Rock according to Table
10.4.6.4-3 of the 2012 AASHTO LRFD Bridge Design Specifications:

Table 10.4.6.4-3—Geomechanics Rock Mass Classes Determined from Total Ratings

RMR Rating 100-81 80-61 6041 40-21 <20
Class No. 1 I I v v
Description Very good rock Good rock Fair rock Poor rock Very poor rock

Calculated by: J. Samples 6/12/2024
Reviewed by: E. Kistner 6/20/2024




RMR A sum of relative ratings

cohesion (c)= 104*RMR

psf
friction angle= 5+(RMR/2) - degrees

yf= 150 pcf

Nc= cwg=
Ng= Cwy=
Nv=

Shape factors

Bearing width (B) 12 ft
Bearing length (L) 45.5 ft
Bearing Depth (D) 10 ft

Sc=
Sg=
Sy=

Ncm=
Ngm=
Nym=

an= | 139818.3785 pst

Resistance factor (2020 LRFD Table 10.5.5.2.2-1):
0.45 for footings on rock

ar= [176251827033] pst
62.9 ksf
key

pull from bearing design
pull from logs/testing

results

Bearing Capacity by AASHTO 2020 LRFD 10.6.3.1.2a
g, =eN_+y DN _C_+057BN C,
in which:

N_ =Nsi
N, =N di

Lty

Nm=N si,

Table 10.6.3.1.2a-1—Rearing Capacity Factors N (Pr

(10.6.3.1.2a-3)

L (10.6.3.1.2a-1)

Assume load inclination factors are equal to 1.0, based on commentary in Section 10.3.1.2a.

(10.6.3.1.22-2)

(10.6.3.1.2a-4)

1921, N, (Relssuer, 1924), and Ny (Vesic, 1975)

Assume depth correction factor, dg, is 1.0 based on Section 10.6.3.1.2a.

Table 10.6.3.1.2a-3—Shape Correction Factors s, s, 5,

L% N, A Ny L% Ne N, Ny
0 514 1.0 0.0 3 18.1 87 8.2
1 5.4 .1 24 19.3 9.6 9.4
2 5.6 ] .2 25 20.7 0.7 0.9
3 5.9 3 .2 26 22 9 2.5
4 2 4 3 = 7 23 30 15
5 5 6 .5 28 25, 4.7 7
[ .8 7 .6 29 27, 6.4
7 2 9 .7 1. 4
5 7.5 2.1 .9 2. 20
@ 7.9 23 .0 y 5.5 23.2
10 8.4 25 2 E 5.6 26.
1 8. 2.7 1.4 3 42.2 20.4
2 9. 1) 1.7 35 46.1 333
3 9. 33 2.0 36 50.6 378 56,3
1 ¥ 3.6 23 37 55.6 429 662 |
5 0 3.9 2.7 38 G614 48.9 T8
6 6 4.3 3.l 34U 67.9 6.0 92,
7 23 48 3.5 40 753 64.2 09.4
8 3l 53 4.1 41 830 739 30
9 39 58 4.7 42 937 854 556
20 4. 6.4 5.4 43 5.1 99.0 186.5
21 5. 7 6.2 4 5.4 115.3 224.6
22 [% 7 7.1 45 39 134.9 271.8
Table 1006.3.1.2a-2—Caeflicients Cug and Cop Tor Varions
Croundwater Depths . .
Assume groundwater will be at or near the depth of the foundation.
D Cuun Cuy
0.0 05 03
Dy 1.0 05
~1.58 + Dy 1.0 1.0

Performed by: J. Samples 6/12/2024
Reviewed by: E. Kistner 6/20/2024

Factor

Friction Angle

Cohesion Term (5.}

Uit Weight Term (sy)

Shape Factors

3o, 3 3y

dr= 0

v

Surcharge Term (s,)

Lo

10

(2)(5)

e

\

1 r[ f:a..orJ




APPENDIX C
SPW 911 ANALYSES



Client: Ohio Deparment of
Transportation
Site: BUT-126-2.92
Attn: Casey Carriere

Title: BUT-126-2.90 Retaining Wall
Designer: James Samples
Ref: Stantec
Date: 11.20.24

Sheet: PZ40
Pressure: Rankine; Full hydrostatic

pressure in cohesive soils.

Waler 3506.5 Ib/ft

® 0.1in 14.04

4.00 ft ----

Yoe =5.32 1

Dense Gravel

Stiff Clay

250.0 gsf

0.00 ft

9.00 ft

24.32 ft

Stantec Consulting

10200 Alliance Road

SPW911, v2.40

Suite 300
Tel: (513) 842-8200
EMail: james.samples @stantec.com

© 2001 - 2007, Pile Buck®, Inc.
Email: pilebuck@pilebuckcom
Web: www.pilebuck.com




Client:

Site:
Attn:

Ohio Deparment of
Transportation
BUT-126-2.92
Casey Carriere

Title:
Designer:
Ref:
Date:

BUT-126-2.90 Retaining Wall
James Samples

Stantec

11.20.24

Depth Of Excavation = 19.00 ft

Input Data

Depth Of Active Water = 9.00 ft

Surcharge = 250.0 psf Depth Of Passive Water = 19.00 ft

Slope (active) = -18.0 degrees

Water Density

= 62.43 pcf

Minimum Fluid Density = 31.82 pcf

Sheet:
Pressure:

Pz40
Rankine; Full hydrostatic
pressure in cohesive soils.

Soil Profile Active Side
Depth (ft)[Soil Name Y(pcf) Y' (pef)| C (psf)|C, (psh| 6 () [ 3C) | Ky | Kye Kp Kpc

0.00|Dense Gravel 135.00{ 72.60 0.0 0.0 36.0| 0.0]0.22|0.00| 4.64| 0.00

3.00(stiff Clay 125.00] 62.60[ 300.0 0.0] 30.0] 0.0]0.27(1.04|3.71]3.85
Soil Profile Passive Side
Depth (ft)[ Soil Name Y(pcf) Y' (pef)| C (psf)|C, (psh| 6 () [ 5C) | Ky | Kae Kp Kpc

0.00{Dense Gravel 135.00| 72.60 0.0 0.0] 36.0] 0.0|0.26(0.00|3.85|0.00

3.00(stiff Clay 125.00] 62.60[ 300.0 0.0] 30.0] 0.0]0.33[1.15|3.00| 3.46

Solution
Sheet
Maximum Bending Pile
Sheet Name | (in%ft)] E (psi) | Z(in¥ft)|] f(psi) | Moment (ftlb/ft) | Upstand (ft)| Toe (ft)| Length (ft)
Pz40 490.85(3.04E+07| 60.70{50000.0 127556.3 0.00 5.32 24.32
Load Model: Area Distribution
Supports Maxima
Linear Maximum Depth

Depth (ft)| Type  |Load (Ib/ft) Bending Moment | 18525.5fIb/ft]  14.27 ft

4.00|Waler 3506.5 Deflection 0.1in 14.04 ft

Pressure 1029.2 psf 19.00 ft
Shear Force 3815.81b/ft 19.01 ft

Stantec Consulting

10200 Alliance Road
Suite 300
Tel: (513) 842-8200

EMail: james.samples@stantec.com

SPW911, v2.40

© 2001 - 2007, Pile Buck®, Inc.
Email: pilebuck@pilebuckcom
Web: www.pilebuckcom




Bending Moment (ftlb/ft)
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Shear Force (Ib/ft)

—-—— 7T —"a-—-—-—

Email: pilebuck@pilebuckcom
Web: www.pilebuckcom

© 2001 - 2007, Pile Buck®, Inc.

SPW911, v2.40

ha

x 10?

Pressure (psf)

-16

-12

|
I
|
|
|
-
|
|
|
|

Deflection (in)

0

1
|

Client: Ohio Deparment of

Transportation

Site: BUT-126-2.92
Attn: Casey Carriere

Ref: Stantec
Date: 11.20.24

Sheet: PZ40
Pressure: Rankine; Full hydrostatic

Title: BUT-126-2.90 Retaining Wall

Designer: James Samples

d (ft)
19.00

18525.5ftib/ft| 14.27
3815.8 Ib/ft

19.01
14.04

1029.2 psf
0.1in

pressure in cohesive soils.
Maximum

o}
O
<
o

10200 Alliance Road
EMail: james.samples@stantec.com

Suite 300
Tel: (513) 842-8200

Stantec Consulting




Client:

Site:
Attn:

Ohio Deparment of
Transportation
BUT-126-2.92
Casey Carriere

Title:
Designer:
Ref:
Date:

BUT-126-2.90 Retaining Wall
James Samples

Stantec

11.20.24

Sheet:
Pressure:

Pz40
Rankine; Full hydrostatic
pressure in cohesive soils.

depth P M D F depth P M D F depth P M D F
) (s | @b/&) | (n) | (st ) (s | (b/R) | (n) | (orft) ) (s | @b/k) | (n) | (st
0.00] 55.0 0.0 0.0 0.0 8.18] 260.7 0.0 0.0 0.0|[ 16.36] 774.8 0.0 0.0 0.0
022| 61.6 0.0 0.0 0.0 8.39| 267.2 0.0 0.0 0.0/| 1657 796.2 0.0 0.0 0.0
043| 67.6 0.0 0.0 0.0 8.61| 274.3 0.0 0.0 0.0/| 1679 815.7 0.0 0.0 0.0
065 743 0.0 0.0 0.0 8.82| 280.7 0.0 0.0 0.0/| 17.00 837.1 0.0 0.0 0.0
0.86| 80.3 0.0 0.0 0.0 9.04| 287.8 0.0 0.0 0.0|| 17.22| 858.6 0.0 0.0 0.0
1.08| 86.9 0.0 0.0 0.0 9.25| 294.9 0.0 0.0 0.0|| 1743 878.0 0.0 0.0 0.0
129 935 0.0 0.0 0.0 9.47| 301.4 0.0 0.0 0.0{| 17.65] 899.5 0.0 0.0 0.0
151 995 0.0 0.0 0.0 9.68| 308.5 0.0 0.0 0.0/| 17.86] 919.0 0.0 0.0 0.0
1.72| 1062 0.0 0.0 0.0 9.90| 314.9 0.0 0.0 0.0/| 18.08] 940.4 0.0 0.0 0.0
1.94) 11238 0.0 0.0 0.0/| 10.11] 322.0 0.0 0.0 0.0/| 1829 961.9 0.0 0.0 0.0
215 118.8 0.0 0.0 0.0/| 10.33] 329.1 0.0 0.0 0.0/| 1851 981.3 0.0 0.0 0.0
2.37| 1254 0.0 0.0 0.0[| 1055 335.6 0.0 0.0 0.0/| 1872 1002.8 0.0 0.0 0.0
2.58| 1314 0.0 0.0 0.0/| 10.76| 342.7 0.0 0.0 0.0/| 18.94] 1024.2 0.0 0.0 0.0
2.80| 138.1 0.0 0.0 0.0/| 1098 349.8 0.0 0.0 0.0|| 19.15] -446.7 0.0 0.0 0.0
3.01  96.1 0.0 0.0 0.0[| 11.19] 356.2 0.0 0.0 0.0/| 19.37| -488.4 0.0 0.0 0.0
3.23| 102.6 0.0 0.0 0.0[| 11.41] 363.3 0.0 0.0 0.0/| 19.58| -526.2 0.0 0.0 0.0
3.44|  109.7 0.0 0.0 0.0[| 11.62] 369.8 0.0 0.0 0.0/| 19.80] -567.9 0.0 0.0 0.0
3.66| 116.8 0.0 0.0 0.0[| 11.84] 376.9 0.0 0.0 0.0/| 20.01| -609.6 0.0 0.0 0.0
3.87] 123.3 0.0 0.0 0.0[| 1205 384.0 0.0 0.0 0.0|| 2023 -647.4 0.0 0.0 0.0
409 1304 0.0 0.0 0.0[| 1227] 390.5 0.0 0.0 0.0/| 2044 -689.1 0.0 0.0 0.0
4.30| 136.8 0.0 0.0 0.0[| 1248 4025 0.0 0.0 0.0|| 2066 -727.0 0.0 0.0 0.0
452 143.9 0.0 0.0 0.0[| 1270 423.9 0.0 0.0 0.0/| 2087 -768.6 0.0 0.0 0.0
473 151.0 0.0 0.0 0.0/| 1291| 4434 0.0 0.0 0.0/| 21.09 -810.3 0.0 0.0 0.0
495 157.5 0.0 0.0 0.0[| 1313 464.9 0.0 0.0 0.0/| 21.31| -848.2 0.0 0.0 0.0
516| 164.6 0.0 0.0 0.0[| 13.34] 484.4 0.0 0.0 0.0/| 2152 -889.8 0.0 0.0 0.0
538 171.0 0.0 0.0 0.0[| 1356 505.8 0.0 0.0 0.0|| 21.74] 9315 0.0 0.0 0.0
560/ 178.1 0.0 0.0 0.0[| 1377 527.2 0.0 0.0 0.0/| 21.95 -969.4 0.0 0.0 0.0
581 185.2 0.0 0.0 0.0/| 1399 546.7 0.0 0.0 0.0/| 2217 -1011.0 0.0 0.0 0.0
6.03| 191.7 0.0 0.0 0.0[| 1420 568.2 0.0 0.0 0.0/| 22.38| -1048.9 0.0 0.0 0.0
6.24| 198.8 0.0 0.0 0.0[| 14.42| 589.6 0.0 0.0 0.0|| 22.60/ -1090.6 0.0 0.0 0.0
6.46| 205.9 0.0 0.0 0.0[| 1463 609.1 0.0 0.0 0.0/| 2281 -1132.2 0.0 0.0 0.0
6.67] 212.3 0.0 0.0 0.0[| 14.85] 630.5 0.0 0.0 0.0/| 23.03 -1170.1 0.0 0.0 0.0
6.89| 219.4 0.0 0.0 0.0/| 15.08| 650.0 0.0 0.0 0.0|| 23.24 -1211.8 0.0 0.0 0.0
7.0 225.9 0.0 0.0 0.0/| 1528/ 6715 0.0 0.0 0.0|| 23.46| -1253.4 0.0 0.0 0.0
7.32| 233.0 0.0 0.0 0.0/| 1549 692.9 0.0 0.0 0.0|| 2367 -1291.3 0.0 0.0 0.0
7.53|  240.1 0.0 0.0 0.0/| 1571 7124 0.0 0.0 0.0/| 23.89 -1333.0 0.0 0.0 0.0
7.75| 246.5 0.0 0.0 0.0/| 1593 733.8 0.0 0.0 0.0|| 24.10| -1370.8 0.0 0.0 0.0
7.96| 253.6 0.0 0.0 0.0/| 16.14] 753.3 0.0 0.0 0.0|| 24.32| -14125 0.0 0.0 0.0
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Client:

Site:
Attn:

Ohio Deparment of
Transportation
BUT-126-2.92
Casey Carriere

Title:
Designer:
Ref:
Date:

BUT-126-2.90 Retaining Wall
James Samples

Stantec

11.20.24

Sheet:
Pressure:

Toe:

Pz40

Rankine; Full hydrostatic
pressure in cohesive soils.
No Earth Support

Maximum d (ft)

® 0.5in 18.98

Waler

19.00 ft

7293.6 Ib/ft

4.00 ft ----{H]

Dense Gravel

Stiff Clay_

L

250.0 %Sf

0.00 ft

3.00 ft

9.00 ft
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Client:

Site:
Attn:

Ohio Deparment of
Transportation
BUT-126-2.92
Casey Carriere

Title:
Designer:
Ref:
Date:

BUT-126-2.90 Retaining Wall
James Samples

Stantec

11.20.24

Input Data

Sheet:
Pressure:

Toe:

Pz40

Rankine; Full hydrostatic
pressure in cohesive soils.
No Earth Support

Depth Of Excavation = 19.00 ft Depth Of Active Water = 9.00 ft Water Density = 62.43 pcf
Surcharge = 250.0 psf Depth Of Passive Water = 19.00 ft Minimum Fluid Density = 31.82 pcf
Slope (active) = -18.0 degrees
Soil Profile Active Side
Depth (ft)[Soil Name y (pcf) Y' (pef)| C (psf)|C, (psh| 6 () [ 3C) | Ky | Kye Kp Kpc
0.00|Dense Gravel 135.00{ 72.60 0.0 0.0 36.0| 0.0]0.22|0.00| 4.64| 0.00
3.00(stiff Clay 125.00] 62.60[ 300.0 0.0] 30.0] 0.0]0.27(1.04|3.71]3.85
Soil Profile Passive Side
Depth (ft)[ Soil Name y (pcf) Y' (pef)| C (psf)|C, (psh| 6 () [ 5C) | Ky | Kae Kp Kpc
0.00{Dense Gravel 135.00| 72.60 0.0 0.0] 36.0] 0.0|0.26(0.00|3.85|0.00
3.00|Stiff Clay 125.00| 62.60| 300.0 0.0] 30.0] 0.0]0.33[1.15|3.00| 3.46
Solution
Sheet
Maximum Bending Pile
Sheet Name | (in%ft)] E (psi) | Z(in¥ft)|] f(psi) | Moment (ftlb/ft) | Upstand (ft)| Toe (ft)| Length (ft)
Pz40 490.85(3.04E+07| 60.70{50000.0 127556.3 0.00 0.00 19.00
Load Model: Area Distribution (Hinge Method used for Shear Force, Bending Moment and Deflection)
Supports Maxima
Linear Maximum Depth
Depth (ft)| Type  |Load (Ib/ft) Bending Moment | 67876.6fib/ft]  4.00 ft
4.00|Waler 7293.6 Deflection 0.5in 18.98 ft
Pressure 1029.2 psf 19.00 ft
Shear Force 6881.3 Ib/ft 4.00 ft

10200 Alliance Road

SPW911, v2.40

Web: www.pilebuckcom

°
Suite 300
© 2001 - 2007, Pile Buck®, Inc.
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Client:

Site:
Attn:

Ohio Deparment of
Transportation
BUT-126-2.92
Casey Carriere

Title:
Designer:
Ref:
Date:

BUT-126-2.90 Retaining Wall
James Samples

Stantec

11.20.24

Sheet:
Pressure:

Toe:

Pz40

Rankine; Full hydrostatic
pressure in cohesive soils.
No Earth Support

depth P M D F depth P M D F depth P M D F
) (s | @b/&) | (n) | (st ) (s | (b/R) | (n) | (orft) ) (s | @b/k) | (n) | (st
0.00] 55.0 0.2 0.0 0.0 6.39] 203.7[ 51859.3 0.0| -6484.7|| 12.78] 430.9| 15997.7 0.2] -4530.3
017| 602 734 00/ 10.1 6.56| 208.8| 50834.9 0.0| -6452.0|| 1295 447.7| 15214.8 0.2| -4453.6
0.34 649 2874 0.0/ 200 6.73| 214.3| 49714.1 0.0| -6415.1|| 13.12| 462.9| 14514.7 0.2| -4381.4
0.50| 70.0| 698.6 00/ 319 6.89| 219.3| 48700.8 0.0| -6380.7|| 13.28| 479.7| 13758.1 0.2| -4299.2
0.67| 74.8 12442 00| 434 7.06| 224.9| 475925 0.0| -6342.0/| 1345 496.4| 13016.0 0.2| -4214.1
0.84) 79.9| 2046.7 00| 569 7.23|  230.4| 46491.1 0.0| -6302.3|| 13.62| 511.6| 12354.4 0.3| -4134.2
1.01]  85.1| 3075.6 00| 714 7.40| 235.5| 45495.8 0.0| -6265.4|| 13.79| 528.4| 11641.5 0.3| -4043.5
1.18|  89.8| 4219.7 00| 853 7.57|  241.0| 44407.9 0.0| -6223.9|| 1396 543.6| 11007.3 0.3| -3958.5
1.35| 950/ 5721.3 0.0 1014 7.73|  246.1| 43425.2 0.0| -6185.3|| 14.12| 560.3| 10325.5 0.3| -3862.2
1.51] 100.1| 7491.8 0.0 1185 7.90 251.6| 42351.3 0.1 -6141.9|| 1429 577.1| 9660.6 0.3| -3763.0
1.68| 104.8| 9347.1 0.0 134.8 8.07| 257.2| 41285.1 01| -6097.5|| 14.46| 592.3| 9071.4 0.3| -3670.3
1.85|  110.0| 11671.7 0.0 1536 8.24| 262.2| 40322.6 0.1 -6056.4|| 14.63| 609.0| 8440.4 0.3| -3565.6
2.02| 114.7| 14054.9 0.0 1715 8.41| 267.8| 39271.4 0.1| -6010.2|| 14.80| 625.8| 7827.9 0.3| -3457.9
2.19] 119.9] 16986.9 0.0 1920 8.58| 273.3| 38228.4 0.1 -5963.0|| 14.96| 641.0| 7287.5 0.3| -3357.5
2.35| 125.1| 20258.5 00| 2134 8.74| 278.3| 37287.3 01| -5919.3|| 15.13| 657.7| 6711.6 0.3| -3244.3
2.52| 129.8| 23539.5 00| 2337 8.91| 283.9| 36260.2 0.1| -5870.3|| 15.30| 673.0| 6205.4 0.3| -3138.8
2.69| 134.9| 27499.9 0.0 256.8 9.08| 288.9| 35334.0 0.1| -5824.9|| 15.47| 689.7| 5668.1 0.3| -3020.0
2.86| 140.1| 318423 0.0 280.9 9.25| 294.5| 343235 0.1| -5774.1|| 15.64| 706.5| 5151.7 0.3| -2898.3
3.03| 96.3| 36132.8 0.0 3020 9.42| 300.0| 33321.9 01| -5722.3|| 15.81| 721.7| 4700.9 0.3| -2785.1
3.19| 101.9| 41158.1 0.0/ 319.3 9.58| 305.1| 32419.3 0.1 -5674.3|| 15.97| 738.4| 422538 0.4| -2657.9
3.36| 106.9| 45976.5 0.0 3359 9.75| 310.6| 31435.3 01| -5620.7|| 16.14| 753.6| 3813.4 0.4| -2539.6
3.53| 112.4| 51566.1 0.0 355.1 9.92| 316.2| 30460.7 0.1| -5566.0|| 16.31| 770.4| 3381.5 0.4| -2406.8
3.70| 118.0| 57474.2 0.0 3752|| 10.09] 321.2| 29583.0 0.1| -5515.5|| 16.48| 787.1| 2973.1 0.4] 2271.0
3.87| 123.0| 63134.6 0.0 394.4|| 1026 326.7| 28626.8 0.1 -5459.1|| 16.65| 802.4| 2622.4 0.4 -2145.1
4.04| 128.6| 67658.7 0.0| -6877.2|| 10.42| 331.8| 27766.2 0.1 -5406.9|| 16.81| 819.1 2260.0 0.4| -2003.7
420 133.6| 66571.3 0.0| -6856.4|| 10.59| 337.3| 26829.1 0.1| -5348.6|| 16.98] 835.8 1922.4 0.4| -1859.5
4.37|  139.2| 65379.0 0.0| -6832.6|| 10.76| 342.9| 25902.2 0.1 -5289.3|| 17.15| 851.1| 1637.4 0.4| -1725.8
4.54)  144.7| 64190.9 0.0 -6807.9|| 10.98| 347.9| 25068.6 01| -5234.6|| 17.32| 867.8 1348.7 0.4| -1576.0
471 149.8| 63114.7 0.0| -6784.5|| 11.10| 353.5| 24161.7 02| -5173.5|| 17.49| 883.0] 1109.0 0.4 -1437.3
488 155.3| 61935.1 0.0| -6757.9|| 11.27| 359.0| 23265.6 02| -5111.4|| 17.65| 899.8| 870.9 0.4] -1281.9
5.04| 160.9| 60760.3 0.0| -6730.3|| 11.43| 364.1| 22460.4 02| -5054.1|| 17.82| 916.5| 660.2 0.4] -1123.6
521| 165.9| 59696.5 0.0| -6704.4|| 11.60| 369.6| 21585.2 02| -4990.1|| 17.99| 931.7| 4927 0.4 -977.1
538 171.4| 58531.1 0.0| -6675.0|| 11.77| 374.7| 20799.3 02| -4931.2|| 18.16| 9485 3354 0.5 -813.3
555 176.5| 57476.2 0.0| -6647.4|| 11.94| 380.2| 1994556 0.2| 4865.4|| 18.33| 965.2| 206.9 0.5 -646.5
5.72| 182.0| 56320.9 0.0| -6616.2|| 1211 385.7| 19103.5 02| -4798.7|| 1850 980.5| 116.0 0.5 -485.2
5.88| 187.6| 55171.1 0.0| -6583.9|| 1227 390.8| 18348.1 02| 4737.2|| 1866 997.2| 458 0.5 -304.0
6.05| 192.6 54130.8 0.0| -6553.8|| 1244 399.0| 17528.4 0.2| -4668.5| 18.83| 1012.4 95 0.5 -136.5
6.22| 198.2| 52992.1 0.0| -6519.7|| 1261 414.2| 16793.8 0.2| -4604.0[| 19.00] 1029.2 0.0 0.5 0.0
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Client:

Site:
Attn:

Ohio Deparment of
Transportation
BUT-126-2.92
Casey Carriere

Title: BUT-126-2.90 Retaining Wall .00 ft
Designer: James Samples
Ref: Stantec
Date: 11.20.24 00 f
Sheet: PZ40 '
Pressure: Rankine; Full hydrostatic
pressure in cohesive soils.
Toe: Cantilever
7.00 ft
) 1.2in 0.00
33.89 ft
10200 Alliance Road SPW91 1 y V240
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Client:

Site:
Attn:

Ohio Deparment of
Transportation
BUT-126-2.92
Casey Carriere

Input Data

Title: BUT-126-2.90 Retaining Wall

Designer: James Samples
Ref: Stantec
Date: 11.20.24
Sheet: PZ40
Pressure: Rankine; Full hydrostatic
pressure in cohesive soils.
Toe: Cantilever

Depth Of Excavation = 17.00 ft Depth Of Active Water = 7.00 ft Water Density = 62.43 pcf
Surcharge = 0.0 psf Depth Of Passive Water = 17.00 ft Minimum Fluid Density = 31.82 pcf
Slope (active) = -33.0 degrees

Soil Profile Active Side
Depth (ft)[Soil Name Y(pcf) Y' (pef)| C (psf)|C, (psh| 6 () [ 3C) | Ky | Kye Kp Kpc

0.00{Dense Gravel 135.00| 72.60 0.0 0.0] 36.0| 0.0|0.16(0.00|6.26| 0.00

3.00(stiff Clay 125.00] 62.60[ 300.0 0.0] 30.0] 0.0]0.20{0.88|5.13|4.53
Soil Profile Passive Side
Depth (ft)[ Soil Name Y(pcf) Y' (pef)| C (psf)|C, (psh| 6 () [ 5C) | Ky | Kae Kp Kpc

0.00{Dense Gravel 135.00| 72.60 0.0 0.0] 36.0] 0.0|0.26(0.00|3.85|0.00

3.00(stiff Clay 125.00] 62.60[ 300.0 0.0] 30.0] 0.0]0.33[1.15|3.00| 3.46

Solution
Sheet
Maximum Bending Pile
Sheet Name | (in%ft)] E (psi) | Z(in¥ft)|] f(psi) | Moment (ftlb/ft) | Upstand (ft)| Toe (ft)| Length (ft)
PZ40 490.85|3.04E+07| 60.70{50000.0 127556.3 0.00{ 16.89 33.89
Maxima
Maximum Depth

Bending Moment | 42935.1ftlb/ft| 22.51 ft
Deflection 1.2in 0.00 ft
Pressure 791.3 psf 17.00 ft
Shear Force 5130.3 b/t 17.00 ft

10200 Alliance Road

SPW911, v2.40

Stantec Consulting e

© 2001 - 2007, Pile Buck®, Inc.
Email: pilebuck@pilebuckcom
Web: www.pilebuckcom




L=y pladitis Eeditid it it ettt nfbedidis el niiedie i e | [ S it St bty dintiedie Bttt st Eentidiondh nfiediondi Rt |
= 1 1 1 1 1 1 1 1 1 S A 1 1 1 1 1 1 1 1 1
E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
XOl | | | | ) | | | > | | | | | | | | |
4 i L _—_a___ l 1 l l l l 1 l 1
~ ] | 1 | 1 | 1 | 1 OT—-——g-——————T7--" it st Bt nfbdiedis Rl |
] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5| ] ) ] | ] ] ] | J | | | | | | |
AT -~ TT - TT TS T T~ a il nlatnis St | 1 ] 1 1 ] 1
k | | | | | | | | <~ | T |
E 1 1 1 1 1 1 1 1 R 1 1 1
E 1 1 1 1 1 1 1 1 1 1 1
wllllLlll_lll.rlll_l 4 —e——d—— 1 l 1
i 1 1 1 1 1 1 1 1 ] 1 1
i 1 1 1 1 1 1 1 1 1 1
] 1 1 1 1 1 1 1 1 R 1 1
] 1 ] I ] 1 ] 1 1 1
T T [ - =1 r T | 1 1
b 1 1 1 1 1 1 1
E | | | | N =—=7-—-- | |
E 1 1 1 1 1 1
+-—-4-—-- —~ ~ +—=— 1 1
E 1 1 1 1 1 1
i 1 l 1 1 1 1
] 1 1 1 A iy 1
A v _fo v _a___UL__a___ 1 1
— i 1 E 1 1
= 1 1 1 i 1 1
o) T | | o _. 1
= 1 1 1
Eol__1___ S B
- 1 1 = A
S A ( 1 1 el
4 1 1 1 =_|
Eol __a___ L 11 >
O ] | | | | | | | o
= 1 | 1 | | | | | | =
o> | | | | | | | . _.m
1 | | | | | | | | | oL
mo ._._..___.____.__.________________._m o !
2 7 <+ 0 N @ = < @ N ©T | 3
S A | I - - N ™ N o ™ Q
E 1 1 1 1 1 1 1 1 1
B:_ullIILIII_III._.II|_|||r||L||I_|IILIII_ Sn«.ul
-1 indindin/ el et Bttt it St N - == =T - ——|———T—-—-—-——-r-——°a--—-)
g | | | | | | | | | | | |
J | | | 1 1 1 1 1 1 1 1 1
i | | | 1 1 1 1 1 1 1 1 1
a o _L__4a___ 1 1 1 1 1 1 1 1 1
i 1 | 1 1 1 1 1 1 1 1 1 1
] ] ] | | | | | | | | |
b | | " 1 1 1 1 1 1 1 1 1
b | | = 1 1 1 1 1 1 1 1 1
L e e e ey [ 1 1 1 1 1 1 1 1 1
b oD o @ © 1 1 1 1 1 1 1 1 1
< N o o | | | | | | | | |
J | | | 1 1 1 1 1 1 1 1 1
o 4 —— 1 1 1 1 1 1 1 1 1
] 1 | | 1 1 1 1 1 1 1 1 1
] 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
] | | | 1 1 1 1 1 1 1 1 1
-1 il it et 1 1 1 1 1 1 1 1 1
E | | | 1 1 1 1 1 1 1 1 1
E 1 1 1 1 1 1 1 1 1 1 1 1
E 1 1 1 1 1 1 1 1 1 1 1 1
. e m— b —— ~—— B T S R R S R ]
i 1 | | 1 1 1 1 1 1 1 1
] | | | 1 1 1 1 1 1 1 1 1
i 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
||||||||| T T 1 ! 1 1 1 1 1 1 1
b | | 1 1 1 1 1 1 1 1
E | | 1 1 1 1 1 1 1 1 1
o | 1 1 1 1 1 1 1 1 1 1
N - = 1 1 1 1 1 1 1 1 1
v | | 1 1 | 1 1 1 1 1 1
i | | 1 1 1 1 1 1 1 1
o | | — 1 1 1 1 1 1 1 1 1
a L _ = 1 1 1 1 1 1 1 1 1
mﬂu h | = | | | | | | | | |
- 1 | | c | | | | | | | |
[OR | | o 1 1 1 1 1 1 1 1
S50 1 1 1 = 1 1 1 1 1 1 1 1 1
» O - — = O 1 1 1 1 1 1 1 1 1
» "4 | | () | | | | | | | |
) i | | ﬂ | | | | h | | | |
1 1 1 1 1 l 1 1 S
0o "I “ DO I I I I I T I I ) =
4' _—— LI LI LI LI LI T LI LI ._w\
< [ce) N © o < o] N ©
~ ~ N N N (92} (sp]
©
= o B
= B o — O O
2 53 |[|l@l@ee8
= 7 =NaNo
o - )
[} kel
- X @ = O =
o ) ) £ 5 w8 E
SN 5195 =8 BES8 c
ESo® 2& S IS = .=
S/ E|lai 5 = = N
o &8s 8 o 5| El=Sw o~
09Ol W ,F T elZlon®
a pu > Q on en/_ c SO M N~ O
257 DT oES| ok 2E||=s qw
Qck gl g SNSE € ~
£ 8D @D SENg O ®
— ® = — =
OFmO(mSw—(aX 80O oo e
= O C|l O 5D OlH O (O]
c —_aal= 00 o 0o =
3 S EIEgxr®E o3> 8
= <|F o al<c »
O ? n 9
oy <]
o o

Email: pilebuck@pilebuckcom
Web: www.pilebuckcom

© 2001 - 2007, Pile Buck®, Inc.

SPW911, v2.40

ha

10200 Alliance Road
EMail: james.samples@stantec.com

Suite 300
Tel: (513) 842-8200

Stantec Consulting




Client:

Site:
Attn:

Ohio Deparment of
Transportation
BUT-126-2.92
Casey Carriere

Title: BUT-126-2.90 Retaining Wall

Designer: James Samples
Ref: Stantec
Date: 11.20.24
Sheet: PZ40
Pressure: Rankine; Full hydrostatic
pressure in cohesive soils.
Toe: Cantilever

depth P M D F depth P M D F depth P M D F
) (s | @b/&) | (n) | (st ) (s | (b/R) | (n) | (orft) ) (s | @b/k) | (n) | (st
0.00 0.0 0.0 1.2 0.0[[ 11.40] 363.4] 7436.9 0.6] 2032.1|[ 22.80] -1505.7| 42829.5 0.1] -237.8
0.30 6.7 0.1 1.2 11| 11.70] 372.4] 8022.9 0.5 2136.1|| 23.10| -1563.9| 42453.2 01| -482.1
060 12.8 0.7 1.2 40|| 1200 3823 8701.9 0.5 2253.5|| 23.40 -1616.9| 41890.7 0.0 -688.4
090 195 2.7 1.2 9.1|| 1230 391.3] 9351.1 0.5 2362.9|| 23.70| -1675.1| 41047.4 0.0 -898.2
120 256 6.0 12| 156|| 1260] 406.2| 10101.2 0.5\ 2486.4|| 24.00| -1733.4| 39987.6 0.0] -1089.8
150 323 121 11| 247|| 1290 433.3| 10890.5 05| 2617.2|| 24.30| -1786.3| 38852.7 0.0] -1248.3
1.80] 39.0] 212 11| 358|| 13.20] 458.0| 11644.3 0.5\ 2743.5|| 24.60| -1844.6| 37433.7 0.0| -1405.4
210 451 328 11| 47.8|| 1350 485.2| 12515.6 04| 2890.4|| 24.90 -1897.5| 36004.5 0.0| -1532.5
240 519 497 11| 63.0|| 13.80] 509.9| 13348.3 04| 3031.2|| 25.20| -1955.7| 34297.1 0.0| -1655.1
2.70| 586 716 1.1 802|| 14.10] 537.1| 14311.1 04| 3194.2|| 2550 -2014.0| 32467.0 0.0| -1759.5
3.00] 648 9.4 1.0 o77|| 14.40] 564.2| 15325.7 04| 3365.7|| 25.80] -2066.9| 30713.0 0.0| -1838.8
330 1052 131.1 1.0l 129.0|| 1470 588.9| 16295.2 04| 3528.9|| 26.10| -2125.2| 28702.5 0.0| -1908.7
360 1142 1713 1.0/ 160.1|| 15.00] 616.1 17415.9 04| 3716.5|| 26.40| -2183.4| 26625.6 0.0| -1960.5
3.90 1241 2262 1.0/ 197.3|| 15.30] 643.3| 18595.9 0.3| 3912.5|| 26.70| -2236.4| 24696.5 0.0] -1991.9
420 134.0 293.0 10| 237.6|| 15.60] 668.0| 19722.4 0.3| 4098.1|| 27.00| -2294.6| 22547.1 0.0| -2009.2
450 143.0] 364.9 10| 276.8/| 15.90| 695.1 21023.0 0.3| 4310.2|| 27.30| -2347.6| 20584.2 0.0| -2009.2
480 1529 457.1 0.9 3229|| 1620 719.8| 222635 0.3| 4510.4|| 27.60| -2405.8| 18433.2 0.0] -1991.9
510/ 162.8] 564.1 0.9 3721|| 1650 747.0| 23694.3 0.3| 4738.6|| 27.90| -2464.0| 16309.5 0.0| -1956.6
540 171.8] 675.0 0.9 419.5|| 16.80| 774.2| 25197.0 0.3| 4975.3|| 28.20| -2517.0| 14419.1 0.0| -1908.7
570, 181.7| 8128 0.9 4746|| 17.10| -436.2| 26624.9 0.3| 5094.2|| 2850 -2575.2| 12401.7 0.0| -1838.8
.00 190.7| 953.2 0.9 527.3|| 17.40| -494.4| 28185.0 0.2| 4950.5|| 28.80 -2628.2| 10640.0 0.0| -1759.6
6.30| 200.6| 1125.3 0.9 5882 17.70| -552.7| 29698.0 02| 4788.7|| 29.10| -2686.4| 8799.6 0.0| -1655.1
6.60| 210.5| 1316.6 0.8 6522|| 1800 -605.6| 31027.8 02| 4625.8|| 29.40| -2744.7| 7080.3 0.0] -1532.5
6.90| 219.5| 1508.2 0.8 713.0|| 1830 -663.9| 324352 0.2| 4429.4|| 29.69| -2797.6| 5638.7 0.0| -1405.4
7.20 229.4| 1739.1 0.8 7829|| 1860 -716.8| 33659.7 02| 4235.2|| 29.99| -2855.8| 4204.3 0.0] -1248.3
7.50 238.4| 1968.1 0.8 849.1|| 1890 -775.1| 34941.1 0.2| 4004.3|| 30.29| -2914.1| 2947.6 0.0] -1073.1
7.80| 2483 2242.1 0.8 924.8|| 19.20] -833.3| 36148.3 02| 3755.2|| 30.59| -2967.0| 1975.5 0.0 -898.2
8.10| 258.2| 2539.9 0.7| 1003.6|| 19.50| -886.2| 37176.7 02| 3513.2|| 30.89 -3025.3| 1111.6 0.0 -688.4
8.40| 267.2| 28323 07| 1077.9|| 19.80| -944.5| 38226.8 01| 3220.6|| 31.19| -3078.2| 529.0 0.0] -482.1
8.70| 277.1| 31784 0.7| 1162.6|| 20.10| -1002.7| 39186.3 01| 2027.9|| 3149 -3136.5| 128.9 0.0 -237.8
9.00| 286.9] 3551.3 0.7| 1250.4|| 20.40| -1055.7| 39975.4 0.1| 2638.0[| 31.79 -3194.7 0.0 0.0 0.0
9.30| 295.9 3914.2 07| 1332.8|| 20.70| -1113.9| 40746.6 01| 2301.8|| 8209 -3247.6 0.0 0.0 0.0
9.60| 305.8 4340.7 0.7| 1426.5|| 21.00| -1166.9| 41355.1 0.1| 1980.4|| 82.39 -3305.9 0.0 0.0 0.0
9.90| 314.8| 4753.9 0.6 1514.2|| 21.30 -1225.1| 41917.5 0.1 1609.7|| 32.69| -3364.1 0.0 0.0 0.0
10.20 324.7| 52375 0.6 1613.7|| 21.60| -1283.3| 42362.3 01| 1220.8| 82.99| -3417.1 0.0 0.0 0.0
10.50| 334.6| 5752.4 0.6 1716.3|| 21.90| -1336.3| 42660.0 01| 851.6|| 8329 -3475.3 0.0 0.0 0.0
10.80 343.6| 6248.3 0.6 1812.2|| 2220 -1394.5| 42864.9 01| 4282|| 3359 -3528.3 0.0 0.0 0.0
1110 353.5| 6825.6 0.6 1920.6|| 22.50| -1447.5| 42934.4 01| 27.6|| 33.89 -3586.5 0.0 0.0 0.0
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Client:

Site:
Attn:

Ohio Deparment of
Transportation
BUT-126-2.92
Casey Carriere

Title:
Designer:
Ref:
Date:

BUT-126-2.90 Retaining Wall
James Samples

Stantec

11.20.24

Sheet:
Pressure:

Toe:

PZ40

Coulomb; Full hydrostatic
pressure in cohesive soils.
No Earth Support

Maximum d (ft)

® 0.0in 25.08

Waler

Waler

2510 ft

3257.2 Ib/ft 8.00 ft ----

300.0 %Sf

0.00 ft

|\ /\/ |

\._

Loose Rock Fill

Firm Clay

Stiff Clay
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Client:

Site:
Attn:

Ohio Deparment of
Transportation
BUT-126-2.92
Casey Carriere

Title:
Designer:
Ref:
Date:

BUT-126-2.90 Retaining Wall
James Samples

Stantec

11.20.24

Depth Of Excavation = 25.10 ft

Input Data

Depth Of Active Water = 16.00 ft
Surcharge = 300.0 psf Depth Of Passive Water = 25.10 ft

Water Density = 62.43 pcf

Minimum Fluid Density = 31.82 pcf

Sheet:
Pressure:

Toe:

Pz40

Coulomb; Full hydrostatic
pressure in cohesive soils.
No Earth Support

Soil Profile
Depth (ft)[ Soil Name Y(pcf) y' (pef)| C (psf)|C, (psh 6 () [ 8C) | Ky | Kye Kp Kpc
0.00|Loose Rock Fill 130.00{ 62.60 0.0 0.0] 34.0| 0.0]0.28|0.00| 3.54| 0.00
5.00|Firm Clay 125.00| 62.60| 200.0 0.0| 28.0| 0.0/ 0.36|1.20(2.77| 3.33
17.00(|Dense Gravel 135.00| 72.60 0.0 0.0] 36.0] 0.0 0.26(0.00| 3.85|0.00
20.00|Stiff Clay 125.00| 62.60| 300.0 0.0] 30.0| 0.0]0.33|1.15| 3.00| 3.46
Solution
Sheet
Maximum Bending Pile
Sheet Name | (in*ft)| E (psi) | Z (in*ft)| f(psi) | Moment (ftlb/ft) | Upstand (ft)| Toe (ft)| Length (ft)
Pz40 490.85|3.04E+07| 60.70{50000.0 127556.3 0.00f 0.00 25.10
Load Model: Area Distribution (Hinge Method used for Shear Force, Bending Moment and Deflection)
Supports Maxima
Linear Maximum Depth
Depth (ft)| Type  |Load (Ib/ft) Bending Moment | 28561.2fb/ft]  18.00 ft
8.00|Waler 3257.2 Deflection 0.0in 25.08 ft
18.00|Waler 10361.9 Pressure 1392.0psf | 25.06 ft
Shear Force 7376.51b/ft 18.00 ft

Stantec Consulting
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Client:

Site:
Attn:

Ohio Deparment of
Transportation
BUT-126-2.92
Casey Carriere

Title:
Designer:
Ref:
Date:

BUT-126-2.90 Retaining Wall
James Samples

Stantec

11.20.24

Sheet:
Pressure:

Toe:

Pz40

Coulomb; Full hydrostatic
pressure in cohesive soils.
No Earth Support

depth P M D F depth P M D F depth P M D F
) (s | @b/&) | (n) | (st ) (s | (b/R) | (n) | (orft) ) (s | @b/k) | (n) | (st
0.00] 84.0 0.0 0.0 0.0 8.44] 260.1] 54875 00| 4823|[ 16.88] 691.5| 23257.6 0.0 42835
022 924 2.1 00| 204 8.66| 2758 5594.0 00| 539.3|| 17.10| 708.6| 24262.6 0.0] 44450
0.44|  100.0 8.3 00| 406 8.88| 283.1| 5725.2 00| 603.7|| 17.33| 725.6| 25208.9 0.0] 4595.1
0.67| 108.4|  20.1 00| 647 9.11| 289.8| 5857.4 00| 663.7|| 17.55| 744.3| 26286.6 0.0| 4764.4
0.89| 116.0] 359 00| 883 9.33| 297.1| 60175 00| 731.3|| 17.77| 763.0| 27403.7 0.0] 4938.0
111  124.4] 591 0.0/ 116.0 9.55 307.2| 61935 00| 800.8|| 17.99| 780.0| 28454.5 0.0| 5099.6
1.33| 1327  89.0 0.0 1457 9.77| 316.6| 6367.6 00| 866.2|| 1821 798.7| 27033.7 0.0] -7211.1
1.55| 140.3] 122.2 0.0 174.4|| 10.00] 326.9] 6575.1 00| 940.3|| 18.44| 815.6| 25541.3 0.0] -7042.1
1.78| 148.7] 165.9 0.0 =207.8]| 1022 336.3] 6778.8 0.0| 1009.8/| 18.66| 834.3| 23940.8 0.0] -6852.1
200 157.1| 2175 0.0 2431|| 10.44| 346.7| 7019.9 0.0| 1088.5|| 18.88| 853.0| 22384.5 0.0| -6657.8
2.22| 164.7| 2717 0.0 276.9|| 10.66| 357.0] 7279.5 00| 1169.5|| 19.10| 870.0| 21008.8 0.0| -6477.4
2.44] 173.1] 3396 0.0 3159|| 10.88| 366.5 7531.9 00| 12453|| 19.32| 888.7| 19539.6 0.0] -6274.9
2.67| 180.7| 4093 0.0 3530| 11.11| 376.8| 7828.1 0.0| 1330.9|| 19.55| 907.4| 18117.4 0.0| -6068.1
2.89| 189.1] 4952 0.0 3957|| 11.33| 387.2| 81443 0.0| 1418.9|| 19.77| 924.3| 16866.1 0.0| -5876.3
311 197.4] 591.1 0.0 440.3|| 11.55| 396.6| 8449.5 00| 1501.0/| 19.99| 943.4| 15536.5 0.0| -5661.3
3.33| 205.1| 687.4 0.0 4825|| 11.77| 406.9 8805.4 00| 1593.5|| =20.21| 888.8| 14369.5 0.0| -5477.5
3.55 2134 8037 0.0 530.8|| 1199 416.3] 9147.7 00| 1679.7|| 20.44| 912.6| 13130.9 0.0| -5270.0
378 221.8] 9314 0.0 581.0/| 1222 4267 95453 00| 1776.8|| 20.66| 936.5| 11940.5 0.0| -5057.0
4.00| 229.4] 1057.6 00| 6283|| 1244 4371 99656 0.0| 1876.3|| =20.88] 958.2| 10901.3 0.0| -4858.6
4.22| 237.8] 1208.2 0.0 6822|| 1266 446.5| 10367.7 00| 1968.8/| 21.10| 982.0| 9806.7 0.0| -4635.2
4.44| 2454 1356.0 0.0 7329|| 1288 456.8| 10832.8 00| 2072.8|| 21.32| 1003.7| 8856.7 0.0| -4427.3
466| 2538 1531.1 0.0 790.5| 1311 467.2] 11322.0 00| 2179.2|| 21.55| 1027.6| 7862.4 0.0] -4193.3
489 2622 1719.6 0.0 850.0/| 1333 476.6| 11788.3 0.0| 2278.0|| 21.77| 1051.5 6922.5 0.0| -3953.9
511| 162.5| 1902.7 0.0 894.6|| 1355 486.9| 12325.4 00| 2388.9|| 21.99] 1073.1 6116.3 0.0] -3732.9
533 169.9] 2113.0 0.0 9329|| 13.77| 496.4| 12836.1 0.0| 2491.9|| 2221 1097.0| 5282.6 0.0] -3491.0
555 176.5| 2312.1 0.0 969.3|| 1399 506.7| 13423.0 0.0| 2607.4|| 2243 1120.9| 4505.2 0.0] -3243.8
578/ 183.8| 2540.0 0.0 1010.8|| 14.22| 517.1| 14036.7 00| 2725.3|| 2266 1142.5 3848.2 0.0| -3014.5
.00 191.2| 2777.7 0.0 1054.1|| 14.44| 526.5| 14618.5 0.0| 2834.5|| 2288 1166.4| 3181.4 0.0| 2757.2
6.22| 197.8| 3002.5 0.0 1094.9|| 14.66| 536.8| 15285.2 0.0| 2056.9|| 23.10| 1188.1| 2627.1 0.0| 2518.6
6.44| 2052 3260.0 0.0 1141.4|| 14.88| 547.2| 15980.3 0.0| 3081.7|| 2332 1211.9| 20755 0.0] -2251.1
6.66| 212.5| 3528.3 0.0 1189.6|| 1510 556.6| 16637.5 00| 3197.3|| 2355 1235.8| 1585.9 0.0] -1978.3
6.89| 219.2| 3782.0 0.0 1234.9|| 1533 566.9| 17388.5 0.0| 3326.6|| 28.77| 1257.5| 1195.8 0.0| -1725.7
7.11|  226.5| 40722 0.0 1286.3|| 1555 576.4| 18097.4 00| 3446.3|| 2399 1281.3 8283 0.0] -1442.8
7.33| 2331 43465 0.0| 1334.4|| 1577| 586.7| 18906.4 00| 3580.2|| 24.21| 1305.2| 526.4 0.0| -1154.5
7.55| 240.5| 4660.0 0.0 1389.1|| 1599 597.0| 19746.6 00| 3716.5|| 24.43| 13269 309.9 0.0 -887.9
7.77| 247.8| 4986.3 0.0| 14454|| 16.22| 619.5| 20537.9 0.0| 3844.0/| 2466 1350.8 136.7 0.0 -589.5
8.00| 254.5| 5294.4 0.0 361.7|| 16.44| 644.3| 21439.8 00| 3989.6|| =24.88| 13724 393 0.0 -313.6
8.22| 261.8] 5384.0 0.0 421.1|| 16.66| 666.7| 22289.3 00| 4126.9|| 25.10| -2943.5 0.0 0.0 0.0
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Client: Ohio Deparment of
Transportation
Site: BUT-126-2.92

Attn: Casey Carriere 300.0 gsf

Title: BUT-126-2.90 Retaining Wall = (.00 ft
Designer: James Samples Loose Rock Fill

Ref: Stantec

Date: 11.20.24

Sheet: PZ40
Pressure: Rankine; Full hydrostatic
pressure in cohesive soils.
Toe: Free Earth Support

5.00 ft

6298.5 Ib/ft 8.00 ft ----

® 0.1in 19.44 Waler

9.50 ft
Dense Gravel

14.00 ft
Stiff Cla

16.00 ft

Toe = 10.00 ft

32.90 ft

10200 Alliance Road SPW91 1 y V240

EMail: james.samples @stantec.com Web: www.pilebuck com

Stantec Con sultin g To 513 Baz.5200 s s




Client:

Site:
Attn:

Ohio Deparment of
Transportation
BUT-126-2.92
Casey Carriere

Title:
Designer:
Ref:
Date:

BUT-126-2.90 Retaining Wall
James Samples

Stantec

11.20.24

Depth Of Excavation = 22.90 ft

Input Data

Depth Of Active Water = 16.00 ft
Surcharge = 300.0 psf Depth Of Passive Water = 22.90 ft

Water Density = 62.43 pcf
Minimum Fluid Density = 31.82 pcf

Sheet:
Pressure:

Toe:

Pz40

Rankine; Full hydrostatic
pressure in cohesive soils.
Free Earth Support

Soil Profile
Depth (ft)[ Soil Name Y(pcf) y' (pef)| C (psf)|C, (psh 6 () [ 8C) | Ky | Kye Kp Kpc
0.00{Loose Rock Fill 130.00| 67.60 0.0 0.0] 34.0] 0.0|0.28(0.00| 3.54|0.00
5.00[Firm Clay 125.00| 62.60 200.0 0.0| 28.0] 0.0|0.36(1.20|2.77| 3.33
9.50|Dense Gravel 135.00| 72.60 0.0 0.0] 36.0] 0.0|0.26(0.00| 3.85|0.00
14.00|Stiff Clay 125.00] 62.60 300.0 0.0] 30.0] 0.0|0.33[1.15|3.00| 3.46
Solution
Sheet
Maximum Bending Pile
Sheet Name | (in*ft)| E (psi) | Z (in*ft)| f(psi) | Moment (ftlb/ft) | Upstand (ft)| Toe (ft)| Length (ft)
PZ40 490.85|3.04E+07| 60.70{50000.0 127556.3 0.00[ 10.00 32.90
Load Model: Area Distribution
Supports Maxima
Linear Maximum Depth
Depth (ft)| Type  |Load (Ib/ft) Bending Moment | 21975.7fib/ft|  18.29 ft
8.00|Waler 6298.5 Deflection 0.1in 19.44
Pressure 1152.5 psf 22.90 ft
Shear Force 7325.11b/ft 32.00 ft

Stantec Consulting

10200 Alliance Road

Suite 300

Tel: (513) 842-8200

EMail: james.samples@stantec.com
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Client: Ohio Deparment of

Transportation

Site: BUT-126-2.92
Attn: Casey Carriere

Title: BUT-126-2.90 Retaining Wall

Designer: James Samples

Ref: Stantec
Date: 11.20.24

Sheet: PZ40
Pressure: Rankine; Full hydrostatic
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Client:

Ohio Deparment of

Transportation depth P M D B depth P M D F depth P M D F
Site: BUT-126-2.92 (ft) (sf) | (ib/t) | (n) | (bt (ft) (sf) | (o) | (n) | (b/f) (ft) (sh) | (ibi) | (n) | (b
Attn: Casey Carriere 0.00] 84.0 1.0 0.0 0.0|[ 11.08] 448.5] -7991.6 0.1] -3715.8|| 22.13] 1071.7[-16024.8 0.1 3368.0
Title: BUT-126-2.90 Retaining Wall 029 95.0 4.7 00| 27.2|/| 11.35| 458.1| -8996.9 0.1| -3591.4/| 22.42| 1103.0|-14964.9 0.1 3696.3

Designer: James Samples 058 1050 155 00| 54.8|| 11.65 468.7/-10062.7 0.1| -3451.5/| 22.71| 1131.5/-13914.3 0.1 4003.0
Ref: Stantec 0.87| 1159 365 00| 883|| 11.94] 478.4/-10994.7 0.1] -3321.5/| 23.00] -331.6(-12667.1 01| 4187.1
Date: 11.20.24 1.16| 1259 647 00| 121.6|| 1223 489.0/-11978.2 0.1| -31755|| 23.29| -397.4|-11419.6 0.1 40763
Sheet: PZ40 146 136.9] 106.8 0.0 1615 12.52|  499.6(-12917.1 0.1| -3026.3 23.58| -457.5|-10316.8 0.1 3958.3

Pressure: Rankine; Full hydrostatic 1.75| 147.9] 1613 0.0 =2046|| 1281 509.2/-13731.3 0.1| -2887.9|| 23.87| -521.4| -9143.4 0.1] 3809.9

pressure in cohesive solls. 2.04| 1579 2226 0.0 246.7|| 13.10| 519.8|-14582.5 01| 2732.6|| 24.17| -578.7| -8117.8 0.1| 3658.3
Toe: Free Earth Support

2.33| 168.8| 3037 00| 296.2|| 13.39] 529.4/-15315.3 0.1| -2588.7|| 24.48| -641.7| -7039.9 0.1| 3473.4
262 179.8| 400.2 0.0 349.0/| 13.68] 540.0|-16075.2 0.1| 2427.3|| 24.75| -704.8| -6020.3 0.1 32695
291 189.8] 502.1 0.0 399.9/| 13.98] 550.6-16786.0 0.1| -2262.7|| 25.04| -762.0 -5148.9 0.1 3067.7
3.20| 200.8 630.7 0.0 459.0/| 14.27| 454.0{-17391.5 0.1| -2136.4/| 25.33| -825.0| -4256.7 01| 2827.5
3.49| 210.7| 7635 00| 515.7|| 14.56| 463.6-18018.0 0.1| -1997.9|| 25.62| -888.1| -3439.4 0.1] 2568.3
3.78| 221.7| 927.9 0.0 581.1|| 14.85 473.2-18602.3 0.1| -1856.5|| 25.91| -945.3| -2766.3 0.1 2316.2
4.08) 2327 11125 0.0 649.9/| 15.14| 482.0{-19096.0 0.1| -1725.4/| 26.20| -1008.4| -2108.2 0.1] 2020.7
4.37| 2427| 12987 00| 715.3|| 15.43| 491.6-19597.2 0.1| -1578.5|| 26.49| -1065.6| -1589.2 0.1 1735.6
4.66| 253.7| 1524.6 0.0 790.4/| 15.72| 500.3-20013.9 0.1| -1442.4/| 26.79| -1128.7| -1111.0 0.1 1403.9
4.95| 264.6| 17736 0.0 868.8|| 16.01] 509.1|-20428.8 0.1| -1200.0/| 27.08| -1191.7| -735.4 0.1] 1053.2
5.24| 166.8| 2018.0 0.0 916.5/| 16.30| 519.5/-20797.3 0.1| -1134.6/| 27.37| -1249.0| -487.8 01 717.8
5.53| 176.4| 23015 0.0 968.4|| 16.60] 528.2-21091.2 01| -990.9|| 27.66| -1312.0] -324.0 01 3308
582 185.1| 2573.1 0.0/ 1018.2|| 16.89| 537.8|-21368.5 01| -830.0|| 27.95 -1369.3| -278.4 01 -375
6.11| 194.7| 2887.9 0.0 1075.7|| 17.18] 559.9-21596.8 01| -665.0|| 28.24| -1432.3| -277.3 01| -460.8
6.41| 204.3| 32206 0.0 1136.1|| 17.47| 588.3|-21760.1 01| -507.2|| 28.53| -1495.3| -274.0 0.1 -903.1
6.70| 213.0] 3539.1 0.0 11935|| 17.76| 619.6/-21888.5 01| -324.6/| 28.82 -1552.6| -269.1 0.1 -1321.7
6.99] 222.6| 3908.0 0.0 1259.4/| 18.05| 648.0|-21956.3 01| -150.5|| 29.12| -1615.6| -261.5 0.1] -1800.3
7.28| 231.4| 4260.9 0.0 1321.9/| 18.34| 679.3/-21974.5 01| 501|| 29.41| -1678.6| -251.5 0.1| -2297.9
7.57| 241.0 4669.3 0.0 1393.3|/| 18.63] 710.6/-21930.8 01| 260.1|| 29.70| -1735.9| -240.2 0.0| -2766.7
7.86| 250.6| 5099.6 0.0| 1467.7|| 18.92| 739.0/-21835.2 01| 459.2|| 29.99 -1798.9] -225.3 0.0 -3300.6
8.15| 259.3| 4646.1 0.0 -4760.8/| 19.22| 770.3|-21665.7 01| 687.2|| 3028 -1856.2| -200.4 0.0| -3802.4
8.44| 268.9| 32187 0.0| -4681.0/| 19.51| 801.6-21426.3 01| 924.7|| 3057 -1919.2| -189.3 0.0| -4372.6
8.73| 2785 1815.8 0.0| -4598.3|| 19.80| 830.0|-21145.4 01| 1148.7|| 30.86| -1982.2| -166.3 0.0| -4961.7
9.03| 2873 5624 0.0| -4520.6/| 20.09] 861.3|-20764.4 0.1| 1404.2|| 31.15] -2039.5| -142.9 0.0| -5513.8
9.32| 2969 -791.3 0.0 -4432.4/| 20.38| 889.7|-20350.1 0.1| 1644.6|| 31.44| 21025 -114.2 0.0 -6139.2
9.61| 396.5| -1998.2 0.0| -4342.1|| 2067 921.0[-19817.1 01| 1918.1|| 31.74| -2165.5| -82.3 0.0| -6783.6
9.90| 407.1| -3293.4 0.0 -4220.7|| 20.96| 952.3|-19200.4 0.1| 2201.0|| 3203 22185 -50.6 0.0| -7100.0
10.19| 417.7| -4551.5 0.0| -4096.2|| 21.25| 980.7|-18564.7 0.1| 2466.4|| 32.32| -2285.8] -21.1 0.0| -4581.5
10.48| 427.3| -5662.3 0.0| -3980.3|| 21.55| 1012.0|-17780.3 01| 2767.3|| 32.61| -2343.1 5.2 0.0| -2230.9
10.77| 437.9| -6846.9 0.1| -3849.6/| 21.84| 1040.5-16987.4 0.1 3049.0/| 32.90| -2406.1 0.0 0.0 0.0
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APPENDIX D
ANCHOR CALCULATIONS



@ Stantec

BUT-126-2.92 Retaining Wall (PID 116204)
Double Row Wall Anchor Calculations

Assumptions and Inputs:

Assumptions

No toe support (R=0)
Soil is not saturated
Anchor locations and loading (waler load) determined by SPW911 sheet pile wall analysis program

Traffic surcharge load of 300 psf

Retained Soil Properties

Assume cohesive firm clay — multi layered in-situ soil, majority clays
Moist unit weight y = 125 pcf

® = 28° (conservative lowest value of soils present)

Su = 2,500 psf

Ka = 0.32 (weighted average of all soils present)

Calculations:

References

U.S. DOT Federal Highway Administration (FHWA), Geotechnical Engineering Circular No. 4:
Ground Anchors and Anchored Systems, June 1999.

American Association of State Highway and Transportation Officials (AASHTO), LRFD Bridge
Design Specifications, 9t Edition, 2020.

Ohio Department of Transportation (ODOT), Supplemental Specification 866: Ground Anchors,
April 21, 2017.

Ohio Department of Transportation (ODOT), Bridge Design Manual (BDM), July 19, 2024.

Ohio Department of Transportation (ODOT), Geotechnical Design Manual (GDM), July 19, 2024.
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Apparent Earth Pressure Distribution (not to scale)

critical earth pressure surcharge
failure loading loading
surface
A
Hq 2/3
Hy Hy
(— Th1
o \ Pe Ps o
25.1 ft 1
H, H,
\\\ Th2 =——p
Hs Hs 2/3
59° s
v R=0
H1=8.0ft
H2=10.0ft
H3=7.11t

Wall Loading — LRFD

Per AASHTO LRFD 3.11.5.7.2, the stability number, Ns, is approximately:
Ns = 110 pcf * 25.1 ft / 2,500 psf = 1.1

Total Load Ty, (waler load from SPW911 analysis results)
Thi = 3,257.2 Ib/ft of wall

Thz =10,361.9 Ib/ft of wall

Anchor Load

The recommended minimum spacing Per AASHTO LRFD 11.9.4.2 is 5.0 feet. The anchor design will
assume 15-degree inclination anchors at 5-foot center-to-center spacing.

Qanchort = (3,257.2 Ib/ft (5 ft) / cos (15°)) / 1000 = 16.9 kips
Qanchor2 = (10,361.9 Ib/ft (5 ft) / cos (15°)) / 1000 = 53.7 kips

Prepared By: J. Samples 8/26/2024
Stantec Project # 173410733 Checked By: J. Musselman 8/27/2024
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Anchor Pullout Capacity

Per AASHTO LRFD Eqgn. 11.9.4.2-1:

Oy =90, =0nDy, 7, L, (11.9.4.2-1)
where

& = resistance factor for anchor pullout (dim.)

O, = nominal anchor pullout resistance (kips)

Dpy= diameter of anchor drill hole (ft)

T, = nominal anchor bond stress (ksf)

Ly, = anchor bond length (ft)

® = 0.70 for cohesive soils (AASHTO LRFD Table 11.5.7-1)
Don = 6 inches (assumed)

T = 1.05 ksf for gravity grouted anchors in stiff silt-clay mixtures, for Su = 2,500 psf (AASHTO LRFD Table
C11.9.4.2-1)

Qr = 0.70 (17) (0.5 ft) (1.05 ksf) Lo

Qr=1.15Ls

Qanchort = 16.9 kips =1.15 Lo — Lo = 14.7 ft (USG 15 ft)

Qanchorz = 53.7 kips =1.15 Lo — Lb = 46.7 ft (USG 47 ft)

Using an anchor spacing of 5 feet and an inclination angle of 15 degrees for the second row of anchors
results in a bonded length requirement of 47 feet. Without considering the unbonded length, this would
result in the anchor extending beyond ODOT owned right-of-way at the project site (30 feet from centerline).
Inclination angles of 10 and 5 degrees lowered the bonded length to 46 and 45 feet respectively, which is
still beyond the right-of-way. Due to these results, it was determined that the spacing would be reduced to
3.25 feet in order to reduce anchor lengths as well as assist in anchor placement on the sheet pile wall.
Anchor Load

Qanchort = (3,257.2 Ib/ft (3.25 ft) / cos (15°)) / 1000 = 11.0 kips

Qanchorz = (10,361.9 Ib/ft (3.25 ft) / cos (15°)) / 1000 = 34.9 kips

Anchor Pullout Capacity

Qanchort = 11.0 kips=1.15Lb— Lb =9.5 ft (USG 10 ft)

Qanchorz = 34.9 kips =1.15 Lb — Lb = 30.3 ft (USG 31 ft)

Prepared By: J. Samples 8/26/2024
Stantec Project # 173410733 Checked By: J. Musselman 8/27/2024
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Anchor Length/Position

Based on the LRFD calculations, bonded lengths of 10 and 31 feet are recommended for the first and
second rows of 15-degree inclination anchors respectively.

Per AASHTO LRFD Figure 11.9.1-1

7
/1 A
; o 7/
Bearing plat 19/4@ &\
Anchor head Anchor é}&/aq\ogb S B
" &

- Sheathing YN S T 3o
I Vs o P [0}
= Grout P Y. =
i : N\ 2o
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= e Greater of 5 ft E; ®
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facing)————

Finished grade
'If)es.i.g.jn Q”rade. .'

o ]Anchor inclination
% as required
J q

v
k

Primary grout—/

-
<

Vertical element
embedmen

Based on geometry, the distance from the wall to the critical failure plane along the anchor location is
approximately 10 feet for the upper anchor, therefore the unbonded length will be the minimum 15 ft for
both anchors per AASHTO LRFD Figure 11.9.1-1. Note this is larger than FHWA GEC 4 Figure 37a.

Per AASHTO LRFD C11.9.4.2-1, for tremie-grouted anchors, a minimum overburden cover of 15.0 feet is
typically required. Per FHWA GEC 4 Section 5.3.7, the minimum overburden cover for ground anchors
installed in soil is 15 feet over the center of the anchor bond zone.

To meet the minimum overburden requirement for the 15-degree anchor, the anchor should be installed a
minimum of 10 feet from the top of the wall. However, the location of the upper anchor was chosen based
upon the deflection and moment capacity of the sheet pile wall based in the SPW911 program.
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15-degree anchor geometry:

251 ft wall

wo o |

Overburden cover of 15-degree anchor = 8 ft + sin 15° (20 ft) = 13.2 ft

Overburden cover of 15-degree anchor = 18 ft + sin 15° (30.5 ft) = 25.9 ft
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BUT-126-2.92 Retaining Wall (PID 116204)
Single Row Wall Anchor Calculations

Assumptions and Inputs:

Assumptions
e Soil is not saturated for entire section
e Anchor locations and loading (waler load) determined by SPW911 sheet pile wall analysis program
e Traffic surcharge load of 300 psf

Retained Soil Properties

e Assume cohesive firm clay — multi layered in-situ soil, majority clays
e Moist unit weight y = 125 pcf
e @ = 28° (conservative lowest friction angle of all soils present)
e Su=2,500 psf
e Ka=0.32 (weighted average of all soils present)
Calculations:
References

e U.S. DOT Federal Highway Administration (FHWA), Geotechnical Engineering Circular No. 4:
Ground Anchors and Anchored Systems, June 1999.

e American Association of State Highway and Transportation Officials (AASHTO), LRFD Bridge
Design Specifications, 9t Edition, 2020.

e Ohio Department of Transportation (ODOT), Supplemental Specification 866: Ground Anchors,
April 21, 2017.

e Ohio Department of Transportation (ODOT), Bridge Design Manual (BDM), July 19, 2024.

e Ohio Department of Transportation (ODOT), Geotechnical Design Manual (GDM), July 19, 2024.
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Apparent Earth Pressure Distribution (not to scale)

critical earth pressure surcharge
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surface
A
I 2/3
i /S \ ’ )
Th1 Pe Ps ~
1/3H= g
7.2t
2/3
v 58° (H-H)
R=0 —

Hi=8ft

Wall Loading — LRFD

Per AASHTO LRFD 3.11.5.7.2, the stability number, Ns, is approximately:
Ns = 110 pcf * 22.9 ft / 2,500 psf = 1.01

Total Load Ty, (waler load from SPW911 analysis results)
Th1 = 6,298.5 Ib/ft of wall
Anchor Load

The recommended minimum spacing Per AASHTO LRFD 11.9.4.2 is 5.0 feet. The anchor design will
assume 15-degree inclination anchors at 5-foot center-to-center spacing.

Qanchor = (6,298.5 Ib/ft (5 ft) / cos (15°)) / 1000 = 32.6 kips
Anchor Pullout Capacity

Per AASHTO LRFD Eqgn. 11.9.4.2-1:
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0, =00, =¢nD,, T L, (11.9.4.2-1)
where:

o = resistance factor for anchor pullout (dim.)

Q. = nominal anchor pullout resistance (kips)

Dpy= diameter of anchor drill hole (ft)

T, = nominal anchor bond stress (ksf)

Ly, = anchor bond length (ft)

® = 0.70 for cohesive soils (AASHTO LRFD Table 11.5.7-1)
Don = 6 inches (assumed)

T = 1.05 ksf for gravity grouted anchors in stiff silt-clay mixtures, for Su = 2,500 psf (AASHTO LRFD Table
C11.9.4.2-1)

Qr = 0.70 (17) (0.5 ft) (1.05 ksf) Lo

Qr=1.15Lsp

Qanchort = 32.6 kips =1.15Lb— Lo =28.4 ft (USG 29 ft)

Using an anchor spacing of 5 feet and an inclination angle of 15 degrees for the second row of anchors
results in a bonded length requirement of 29 feet. Without considering the unbonded length, this would
result in the anchor extending beyond ODOT owned right-of-way at the project site (30 feet from centerline).
Inclination angles of 10 and 5 degrees lowered the bonded length to 28 feet, which is still beyond the right-
of-way. Due to these results, it was determined that the spacing would be reduced to 3.25 feet in order to
reduce anchor lengths as well as assist in anchor placement on the sheet pile wall.

Anchor Load

Qanchort = (6,298.5 Ib/ft (3.25 ft) / cos (15°)) / 1000 = 20.5 kips

Anchor Pullout Capacity

Qanchort = 20.5 kips = 1.15 Lo — L = 18.4 ft (use 19 ft)

Anchor Length/Position

Based on the LRFD calculations, a bonded length of 19 ft is recommended for 15-degree inclination
anchors.
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Per AASHTO LRFD Figure 11.9.1-1

7
/1 A
; 7/
Bearing plat @}i@ d}
Anchor head Anchor (‘P&/@Q\O& oa\ o
" &

- Sheathing YN S T 3o
I Vs o P [0}
= Grout P Y. =
i : N\ 3o
©| Wall bearing // Q@ S|o
@
E e Greater of 5 ft g ®
o0 or H/5 O
o
| Wall (vertical v

elements with
facing)————

Finished grade

Design grade _

7o ]Anchor inclination
' as required
N q

v
k

Primary grout—/

Vertical element
embedmen

-
<

Based on geometry, the distance from the wall to the critical failure plane along the anchor location is
approximately 10 feet for the anchor, therefore the unbonded length will be the minimum 15 ft per AASHTO
LRFD Figure 11.9.1-1. Note this is larger than FHWA GEC 4 Figure 37a.

Per AASHTO LRFD C11.9.4.2-1, for tremie-grouted anchors, a minimum overburden cover of 15.0 feet is
typically required. Per FHWA GEC 4 Section 5.3.7, the minimum overburden cover for ground anchors
installed in soil is 15 feet over the center of the anchor bond zone.

To meet the minimum overburden requirement for the 15-degree anchor, the anchor should be installed a
minimum of 9 feet from the top of the wall. However, the location of the upper anchor was chosen based
upon the deflection and moment capacity of the sheet pile wall based in the SPW911 program.
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15-degree anchor geometry:

229 1t Wall

Overburden cover of 15-degree anchor = 8 ft + sin 15° (24.5 ft) = 14.3 ft
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