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I. EXECUTIVE SUMMARY

CUY 71-10.07SW, known as Ramp T project, consists of replacing and widening the
existing bridge in addition to widening the exiting roadway earthen embankment. The
widening of the roadway will require sliver fill to be constructed at a grade of 2H: 1V over
the existing slopes.

Subgrades:
The roadway may be designed using a California bearing Ration (CBR) of 8 %. The

depth of excavation and replacement of subgrades should be based on proof roll test
during construction. The Project Engineer in the field based upon proof rolling will
determine the actual depths and limits of excavation/replacement.

Embankment:

CTL in coordination with Mott MacDonald designed the embankment in general
accordance with ODOT Geotechnical Design Manual Section 805 Sidehill Sliver Fill on
a Slight Slope where applicable and/or Section 803 General Case: Special Benched
Embankment Construction. Based on our slope stability analyses, the proposed slopes at
2H:1V of the proposed embankment widening are expected to remain stable.

Bridge:

The bridge abutments and piers can be supported on deep foundation such as H piles
driven to practical refusal into the underlying bedrock. The maximum factored structural
resistance (RR max) for HP 10X42 driven to refusal on bedrock is 310 kips. The estimated
pay lengths of driven HP 1x42 are summarized in Table 1 below.

Table 1: Estimated H pile Lengths Driven to Practical Refusal onto Bedrock.

Structure Pile Cutoff Pile Tip 132::1111 fge;ih Order Pay
Elevation (ft) | Elevation (ft) (ft) Length (ft)*
Rear Abut. (B-004) 801.2 745.8 60 65
Pier 1 (B-005) 785.5 747.4 40 45
Pier 2 (B-006) 785.5 749.0 40 45
Pier 3 (B-007) 785.0 749.0 40 45
Forward Abut. (B-008) 795.0 739.2 60 65

*Order Pay Length and Estimated Pile Length were provided in accordance with BDM
Section 305.3.5.2

All driven Piles should be furnished and installed in accordance with ODOT CMS Items
507 and 523.

ENGINEERING =



Roadway & Structural Foundation Report - Final Sontember 17. 2024
CUY-71-10.07 SW, PID 114536 eptember 1/,
CTL Project No. 23050013CLE Page 2

I1.

I11.

B. Site Conditions

INTRODUCTION

CUY-71-10.07 SW is the I-71 NB Exit Ramp to [-480 WB. This ramp is known as Ramp
T. Ramp T includes roadway embankment and a 4-span single lane bridge over [-480. The
project consists of widening and replacing the existing bridge in addition to widening the
exiting roadway earthen embankment. The widening of the roadway will require sliver fill
to be constructed at a grade of 2H: 1V over the existing slopes.

This report addresses geotechnical design parameters related to the subgrade, earthen
embankment of the roadway, and to the bridge foundation design.

GEOLOGY AND OBSERVATIONS OF THE PROJECT

A. Geology

According to the Ohio Department of Natural Resources’ Division of Geological
Survey, the project site is located within Lavery Till of dark gray to dark brown
silty to clayey strongly calcareous cohesive deposits and within finite made land
areas of reclaimed land, cut and fill, dumps, and urban cover. The bedrock
geology of the project site is Mississippian-age Berea Sandstone, and Ohio Shale.

According to Ohio Department of Natural
Resources - Division of Mineral Resources
website (www.ohiodnr.com/mineral), there is no
mines listed in the immediate vicinity of the project
area.

The project site is located within a busy highway
interchange in a busy suburban setting surrounded
by commercial development and railroad yard to the |
north. The bridge deck of Ramp T is in poor
condition with patched potholes and distressed
joints along the shoulder. The superstructure
exhibited corrosion across the existing structure’s
cross-frame. Ramp T embankment is covered by |
mowed grass with few trees and brush and has no
sign of slope failures. The concrete shoulder of the
pavement exhibited numerous longitudinal hair
cracks.
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IV. EXPLORATION

A.

Historical Exploration:

One historical boring identified as B-10 dated back to 1965 was available from ODOT
Transportation Information Mapping System at Ramp T Bridge Forward Abutment.
This historical boring log is included in this report and was considered in the analyses
and recommendations. The historic boring is referenced and identified in Table 2
below.

Table 2: Historic Soil Boring

Original Re-
Boring | Numbered D(?t))t h Station O(ftfts)et fl‘;fe:g;i Reference
Number Boring g
33429 9LT Ramp T CUY-480-8.72
B-10 B-010-0-65 36 333+29 | 9LT RampT | CUY-71-10.07 SW

Present Exploration:

The design team and ODOT District agreed to cancel rock coring along Ramp T at the
abutments (borings B-004 and B-008) during the scoping and fee. The reason for the
cancelation was to reduce/limit the duration of drilling to one day due to safety. Ramp
T is very narrow.

During the period of July 20 to July 27, 2023 CTL Engineering advanced ten (10) soil
borings as follows:

Table 3: Current Soil Borings

Boring No D(efl:)th Station O(fffts)et Latitude | Longitude El?g:ﬁ;ﬁ
B-001-0-23 75 | 326104 | 6.9 RT | 41.419366 | -81.816436
B-002-0-23 10 | 327+23 | 151 RT | 41.419637 | -81.816197
B-003-0-23 20 | 328+89 | 54.7 RT | 41.419937 | -81.815740
B-004-023 | 67.5 | 329465 | 3.5 RT | 41.420185 | -81.815711
B-005-023 | 50.5 |330+88 | 28.9 RT | 41.420381 | -81.815338
B-006-0-23 50 331474 | 203 RT | 41420556 | 81.815134 | RampT
B-007-0-23 49 | 332490 | 169 RT | 41.42076 | -81.814818
B-008-023 | 692 | 333450 | 28 LT | 41.420922 | -81.814806
B-009-0-23 20 | 336+11 | 72.1 RT | 41.421068 | -81.813740
B-010-0-23 75 | 338486 | 7 RT | 41.421482 | -81.812902

CTL Engineering, in collaboration with Mott MacDonald selected the boring locations
as shown approximately on the enclosed Plan and Profile sheets provided in Appendix

A.
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V.

The drillers obtained split spoon soil samples at 2.5-foot interval in the upper 20 feet
and at 5-foot interval thereafter. The drilling crew obtained NQ rock core samples
from borings B-005-0-23 through B-007-0-23. The Split Spoon Samples were
obtained in accordance with Standard Penetration (SPT) procedure. The SPT consists
of driving a 2.0-inch outside diameter (OD) split-spoon sampler 18 inches into the soil
with an automatic 140-pound hammer falling 30 inches. The SPT hammer used for
this project was calibrated in June 30, 2023 and had energy ratio of 84.7 percent in
obtaining industry standard N-values (Nso-values).

The drilling crew visually classified the soil samples then secured them in glass jars
and card board boxes and delivered them to accredited CTL laboratory for further
testing and analyses. =~ A CTL geologist reclassified the soil and rock samples and
performed laboratory testing on representative samples under the direction of the
Geotechnical Engineer. The laboratory testing included hand penetrometer, moisture
content, grain size distribution, and Atterberg limits. During the scoping and fee
preparation we understood that the roadway work is very limited in size and chemical
stabilization will not be considered, thus CTL eliminated the sulfate testing.
Appendices A and B include boring location plan, test boring/lab records and rock
core report.

Dynotec, representative of Mott MacDonald, provided the Stations, offsets,
coordinates, and ground surface elevations at the test boring locations.

FINDINGS

A.

Surface Materials:

The pavement section at soil borings B-004 and B-006 consisted of 12 inches of
concrete and 12 inches of asphalt respectively. The surface material at the
remaining borings consisted of about 12 inches of topsoil and/or topsoil/gravel mix.

Subsurface Soils and Rock:

The subsurface materials consisted of embankment fill material extending to
depths varying from about 3 to 22 feet below existing grades. The fill consisted
of variable material generally of medium dense gravel with sand and silt (A-
2-4), medium dense to dense isolated silt pockets (A-4b), stiff to very stiff to
hard silt and clay (A-6a), and sandy silt (A-4a).

The natural soil consisted of very stiff to hard clay (A-7-6), sandy silt (A-4a), silt
and clay (A-6a), or medium dense to dense gravel with sand and silt (A-2-4),
isolated silt pockets (A-4b), and gravel with sand, silt and clay (A-2-6).

Severely weathered, very weak grey shale and isolated fine-grained sandstone was
noted at borings B-004 to B-008 at depths ranging from 37 to 68 feet below
existing grades (about elevations ranging from 751 feet to 740 feet).
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VL.

The standard penetration test (SPT, Ngo) values and moisture content in the upper
10 feet ranged from 7 to over 50 blows per foot (bpf) and from 8 to 31 percent,
respectively. The SPT and moisture content of the overburden soil below 10 feet
ranged from 10 to over 50 blows per foot (bpf) and from 7 to 20 percent
respectively. The Liquid Limits and Plasticity Index of the cohesive soils ranged
from 20 to 47 percent and from 4 to 23 percent respectively.

Based on historical boring data, the subsurface material at borings consisted of very
stiff to hard alternating layers of silt and clay (A-6a) and sandy silt (A-4a).

C. Groundwater:

Groundwater was noted only at B-003 during drilling at about 14 feet below
existing grades (elevation 780.4).
ANALYSES AND RECOMMENDATIONS

CTL performed subgrade, slope stability, and driven pile lateral capacity analyses based
on the soil data obtained from the field and laboratory testing, and available plans.

A. Subgrades Analyses
CTL performed subgrade analyses in accordance with ODOT Geotechnical Design
Manual using Roadway Subgrade Analyses Spreadsheet. The soil consistencies,
moisture contents, indices, and pavement design parameters within the upper 3 feet

of design and existing subgrades are summarized in Tables 4A and 4B below.

Table 4A: Summary of Subgrade Analyses

Referen Lowest SPT In-Situ Moisture | Estimated Optimum
Alei e;nile;et Values (NeooL) Content (%) Moisture (%)
g Low | High | Avg. | Low | High | Avg. | Low | High | Avg.
Ramp T 8 17 12 9 25 14 8 21 13
Table 4B: Summary of Subgrade Analyses
Reference Plasticity Index (PI) Group Index (GI) Design
Alignment | - Low High | Avg. | Low | High | Avg. C((}/So )R
Ramp T 4 18 10 0 8 4 8

Analyses indicated that the subgrades along Ramp T at soil Boring B-004 near the
bridge rear abutment approach exhibited marginally low Standard Penetration
(SPT) and marginally high moisture content above anticipated optimum moisture.
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B. Subgrade Stabilization Options

Based on our Subgrade Analyses (ODOT Spreadsheet in Appendix C) and
interpolation, the subgrades along Ramp T from about Station 328+45 to the
proposed bridge rear abutment at about Station 329+90 may exhibit marginally low
Standard Penetration (SPT) and marginally high moisture content above anticipated
optimum moisture. Per our discussion with ODOT Central Office and District 12,
no subgrade stabilization is to be pre-considered for this project. The actual depth
of excavation and replacement of subgrades should be based on proof roll test
during construction. The Project Engineer in the field based upon proof rolling will
determine the actual depths and limits of excavation/replacement. However, if the
weather and schedule permit, drying and recompacting the top 12 inches of the
subgrades may be considered.

The material to be excavated should be replaced with ODOT Item 703.16.C,
Granular Material underlain by ODOT Item 712.09, Geotextile Fabric. Subgrade
improvements should extend the entire pavement width and any paved shoulder
sections including curbs and gutters and an additional 12 inches beyond the edge
of the pavement.

Group Index (GI) values were calculated for each of the soil samples tested. Group
Index values ranged from 0 to 8 with an average of 4. Based on the GI, CTL
recommend a design CBR of 8.

C. Embankment

Construction:

The project consists of widening the existing embankment of Ramp T. The
widening consists of sidehill sliver fills over existing slight slopes that are steeper
than 4H:1V. CTL in coordination with Mott MacDonald designed the widening
of the embankment in accordance with ODOT Geotechnical Design Manual
Section 805 Sidehill Sliver Fill on a Slight Slope where applicable and/or Section
803 General Case: Special Benched Embankment Construction.
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Perforated slope drains shall be installed in seepage zone if encountered in
accordance with ODOT Geotechnical Design Manual as shown on schematic
below. All surface water and encountered seepage water should be diverted away
from the slope or controlled and allowed to drain with erosion protection.

2/

Granular Embankment, as
Per Plan (No. 8 Aggregate)
Angular)

Geotextile Fabric, 712.09 Type A

Conduit Type E, 707.31 (Perforated

All embankments should be constructed per ODOT Item 203.

Embankment Stability Analyses

CTL considered four (4) slope sections along Ramp T at Stations 329+61,
334+10, 335+00, and 335+33 to be most critical for the slope stability analyses.
The slope stability analyses were performed using Slide 2018, a 2-dimentional
limiting equilibrium program. The soil profile was based on soil boring performed
and available historic borings along the slopes. Random failure surfaces in the
100’s were generated and analyzed in terms of factor of safety (FOS) against
slope failure. The minimum factor of safeties obtained for the proposed sections
are summarized in Table 5. The summaries of the stability analyses including
slope stability methods, soil layers and parameters are included in Appendix D.

Table 5: Summary Results of Slope Stability Analyses

Section Average Minimum FOS .
(Station) Total Stressg Effective Stress Required FOS
329+61 1.8 17 13
334+10 33 1.5 >15
335433 3.8 1.8 13

For this project, the required minimum FOS of is 1.5 for the sections at the
bridge abutments and 1.3 for the sections away from the bridge. The slope stability
analyses indicated that the minimum FOS’s were all well over 1.5 for both the
long and short-term stability.

The embankment should be constructed per ODOT Item 203 and in conformance
with ODOT Geotechnical Design Manual with perforated slope drains
when/where required as indicated previously in this report.
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D.

Bridge Foundation

CTL Draft Exploration Report included options for conventional foundation and
friction piles. However, per our discussion with Mott MacDonald, we understood
that ODOT and the design team prefer driven H Piles for the support of the bridge.
HP10x42 is the preferred pile.

Pile Foundation

Based on the soil borings and provided information, the bridge abutments and piers
can be supported on deep foundation such as driven H piles. H piles driven to
practical refusal into the underlying bedrock can be used. The maximum factored
structural resistance Rr max for piles driven to practical refusal into bedrock is 310
kips for HP 10x42. The Rr max is valid for piles that are not subjected to bending
moments or for piles that are supported by soil for their entire length. The estimated
tip elevations, embedment length, and pay length for H Piles driven to practical
refusal onto bedrock are tabulated below.

Table 6: Estimated H Pile Lengths Driven to Practical Refusal onto Bedrock.

Structure Pile Cutoff Pile Tip 132::1111 fge;ih Order Pay
Elevation (ft) | Elevation (ft) (ft) Length (ft)*
Rear Abut. (B-004) 801.2 745.8 60 65
Pier 1 (B-005) 785.5 747.4 40 45
Pier 2 (B-006) 785.5 749.0 40 45
Pier 3 (B-007) 785.0 749.0 40 45
Forward Abut. (B-008) 795.0 739.2 60 65

*Order Pay Length and Estimated Pile Length were provided in accordance with BDM
Section 305.3.5.2

H Piles driven to practical refusal into bedrock will encounter driving difficulties
into hard or dense to very dense overburden soils. In addition, a 3-foot-thick cobble
zone or previous construction debris was noted in Boring B-008 from 25 to 28 feet
deep below grades (about elevations 782.7 to 779.7 feet) which is about 11 to 12
feet below pile cap. Contractor shall be prepared to encounter these conditions that
may impact pile driving at this site. Pre-drilling may be considered for obstruction
to pile driving installation.

CTL performed Drivability Analyses for an HP 10x42 and DELMAG D 19-42
Hammer using GRLWEAP 14. The analyses were based on pile capacity
calculation using APILE at the Rear abutment which is deemed to be the most
critical location in term of drivability. The results of GRLWEAP and APILE are
included in Appendix E. Based on the results we believe that the DELMAG D-19-
42 is able to drive the pile to practical refusal into rock. The pile is expected to be
stressed to about 67 % of it is yielding stress (below the limit of 90 %) during
driving.
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All driven Piles should be furnished and driven in accordance with ODOT CMS
Items 507 and 523. Stress applied to the pile from the pile-driving hammer should
be monitored during driving so as not to damage the pile. A Pile Driving Analyzer
(PDA) should be used to monitor the pile during driving and to determine the
driving criteria of the piles to avoid pile damage.

E. Seismic Coefficients

Based on the soil type and the Standard Penetration Testing (SPT), the Site Class
for the project is Class D. This Site Class was determined using the information
obtained in the test borings as well as published information in the vicinity of the
project site.

F. Retaining Walls

Structural elements subjected to lateral loads may be designed using the
parameters listed in Table 7 below. These parameters are based on Rankine Theory
and the assumption of a level backfill surface and no excessive hydrostatic
pressure. The soil parameters should be adjusted for sloped backfill if any.

Table 7— Lateral Soil Parameters (Retaining Wall - Rankine)

Parameter Overburden Soils (A-6a)

Moist Unit Weight, pcf 125

Angle of Internal Friction, Degrees 30

Soil Cohesion (c), psf Ignore
Soil/Concrete Friction, Degrees 20

At Rest Earth Pressure Coefficient, K, 0.50

Active Earth Pressure Coefficient, K, 0.33

Passive Earth Pressure Coefficient, K,* 3.03

* Passive resistance should be ignored in the upper 3.5 feet.

Lateral pressure arising from surcharge loading should be added to the above soil
earth pressures to determine the total lateral pressures that the walls must resist. In
addition, transient loads imposed on the walls by construction equipment during
backfilling should be taken into consideration during design and construction.
Excessively heavy grading and construction equipment (that could impose
temporary excessive pressures or long-term excessive pressures against the
constructed walls) should not be allowed within five (5) feet (horizontally) of the
walls.

Excavation (permanent or temporary) should be either shored or sloped for stability
purposes. Temporary retaining walls (shoring) should be designed utilizing the
relevant soil parameters shown in the Table 7 above.

Retaining walls such as abutments shall be backfilled in accordance with ODOT
C&MS Item 518.
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VII.

It is recommended those walls which are restrained from rotating be designed based
on at-rest earth pressure conditions, and those walls which are allowed to rotate be
designed based on the active earth pressure conditions.

G. Lateral Pile

Per Mott MacDonald, the H piles for the abutments support will be subject to a
maximum Factored Load of 8.6 kips per pile. CTL performed Lateral Load
Analyses using L-Pile software. The soil parameters and the Lateral Load Analyses
are included in Appendix F. Per our discussion with Mott MacDonald based on the
results of Deflection (0.3 inch), Maximum Shear (9 kips), and Bending (42 kip-ft),
the HP 10X42 is considered acceptable.

H. General Construction and Earthwork

1. Site preparation and earthwork should be performed in accordance
with the ODOT Construction and Material Specifications 200/201, 202,
203, 204, and 206.

2. All fill over slopes shall be overfilled to achieve compaction along the
slope face, and then cut back the overfill material to the finish grade.

3. Filter fabric should be used to separate open graded material from fine-
grained soils to prevent migration of fines.

4. Embankment side slopes should be seeded and vegetation growth
permitted to limit erosion, sloughing and slope failure.

5. Temporary excavations in excess of 4 feet in depth should be sloped
or shored according to OSHA requirements.

CHANGED CONDITIONS

The evaluations, conclusions, and recommendations in this report are based on our
interpretation of the field and laboratory data obtained during the exploration, our
understanding of the project and our experience with similar sites and subsurface
conditions using generally accepted geotechnical engineering practices. Although
individual test borings are representative of the subsurface conditions at the boring
locations on the dates drilled, they are not necessarily representative of the subsurface
conditions between boring locations or subsurface conditions during other seasons of the
year.

In the event that changes in the project are proposed, additional information becomes
available, or if it is apparent that subsurface conditions are different from those provided
in this report, CTL Engineering should be notified so that our recommendations can
modified, if required.
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VIII. TESTING AND OBSERVATION

IX.

During the design process, it is recommended that CTL Engineering work with
the project designers to confirm that the geotechnical recommendations are properly
incorporated into the final plans and specifications, and to assist with establishing criteria
for the construction observation and testing.

CTL Engineering is not responsible for independent conclusions, opinions and
recommendations made by others based on the data and recommendations provided in
this report. It is recommended that CTL be retained to provide construction quality
control services on this project. If CTL Engineering is not retained for these services,
CTL shall assume no responsibility for compliance with the design concepts or
recommendations provided.

CLOSING

This report has been prepared for the exclusive use by the client for use only on this
project.  Our services have been performed in accordance with generally accepted
Geotechnical Engineering principles and practices. No warranty is either expressed or
implied.

CTL Engineering's assignment does not include, nor does this geotechnical report address
the environmental aspects of this particular site.

Specific design and construction recommendations have been provided in this report.
Therefore, the report should be used in its entirety.

Respectfully Submitted,

CTL ENGINEERING, INC.

?ﬂ"ﬂ“‘/ %r ?‘
Matthew Kairétiz, P.E.

Project Manager
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need further information, please feel free to contact our office.
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CTL ENGINEERING, INC.

H. Matthew Kairouz, P.E.
Project Manager
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I.

EXECUTIVE SUMMARY

CUY 71-10.07SW, known as Ramp T project, consists of replacing and widening the
existing bridge in addition to widening the exiting roadway earthen embankment. The
widening of the roadway will require sliver fill to be constructed at a grade of 2H: 1V over
the existing slopes.

Subgrades:
The roadway may be designed using a California bearing Ration (CBR) of 8 %. The

depth of excavation and replacement of subgrades should be based on proof roll test
during construction. The Project Engineer in the field based upon proof rolling will
determine the actual depths and limits of excavation/replacement.

Embankment:

CTL recommends that the embankment be designed and constructed per ODOT
Geotechnical Design Manual Item 805 Sidehill Sliver Fill on a Slight Slope where
applicable and/or Item 803 General Case: Special Benched Embankment Construction.
Based on our slope stability analyses, the proposed slopes at 2H:1V of the proposed
embankment widening are expected to remain stable.

Bridge:

The bridge abutments and piers can be supported on deep foundation such as H piles
driven to practical refusal into the underlying bedrock. The maximum factored structural
resistance (RR max) for HP 10X42 driven to refusal on bedrock is 310 kips. The estimated
pay lengths of driven HP 1x42 are summarized in Table 1 below.

Table 1: Estimated H pile Lengths Driven to Practical Refusal onto Bedrock.

Structure Pile Cutoff Pile Tip 132::1111 fge;ih Order Pay
Elevation (ft) | Elevation (ft) (ft) Length (ft)*
Rear Abut. (B-004) 801.2 745.8 60 65
Pier 1 (B-005) 785.5 747.4 40 45
Pier 2 (B-006) 785.5 749.0 40 45
Pier 3 (B-007) 785.0 749.0 40 45
Forward Abut. (B-008) 795.0 739.2 60 65

*Estimated Order Length is provided in accordance with BDM Section 305.3.5.2

All driven Piles should be furnished and installed in accordance with ODOT CMS Items
507 and 523.
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II. INTRODUCTION

CUY-71-10.07 SW is the I-71 NB Exit Ramp to [-480 WB. This ramp is known as Ramp
T. Ramp T includes roadway embankment and a 4-span single lane bridge over [-480. The
project consists of widening and replacing the existing bridge in addition to widening the
exiting roadway earthen embankment. The widening of the roadway will require sliver fill
to be constructed at a grade of 2H: 1V over the existing slopes.

This report addresses geotechnical design parameters related to the subgrade, earthen
embankment of the roadway, and to the bridge foundation design.

III. GEOLOGY AND OBSERVATIONS OF THE PROJECT

A. Geology

According to the Ohio Department of Natural Resources’ Division of Geological
Survey, the project site is located within Lavery Till of dark gray to dark brown
silty to clayey strongly calcareous cohesive deposits and within finite made land
areas of reclaimed land, cut and fill, dumps, and urban cover. The bedrock
geology of the project site is Mississippian-age Berea Sandstone, and Ohio Shale.

According to Ohio Department of Natural
Resources - Division of Mineral Resources
website (www.ohiodnr.com/mineral), there is no
mines listed in the immediate vicinity of the project
area.

B. Site Conditions

The project site is located within a busy highway
interchange in a busy suburban setting surrounded
by commercial development and railroad yard to the |
north. The bridge deck of Ramp T is in poor
condition with patched potholes and distressed
joints along the shoulder. The superstructure
exhibited corrosion across the existing structure’s
cross-frame. Ramp T embankment is covered by |
mowed grass with few trees and brush and has no
sign of slope failures. The concrete shoulder of the
pavement exhibited numerous longitudinal hair
cracks.
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IV. EXPLORATION

A.

Historical Exploration:

One historical boring identified as B-10 dated back to 1965 was available from ODOT
Transportation Information Mapping System at Ramp T Bridge Forward Abutment.
This historical boring log is included in this report and was considered in the analyses
and recommendations. The historic boring is referenced and identified in Table 2
below.

Table 2: Historic Soil Boring

Original Re-
Boring | Numbered D(?t))t h Station O(ftfts)et fl‘;fe:g;i Reference
Number Boring g
33429 9LT Ramp T CUY-480-8.72
B-10 B-010-0-65 36 333+29 | 9LT RampT | CUY-71-10.07 SW

Present Exploration:

The design team and ODOT District agreed to cancel rock coring along Ramp T at the
abutments (borings B-004 and B-008) during the scoping and fee. The reason for the
cancelation was to reduce/limit the duration of drilling to one day due to safety. Ramp
T is very narrow.

During the period of July 20 to July 27, 2023 CTL Engineering advanced ten (10) soil
borings as follows:

Table 3: Current Soil Borings

Boring No D(efl:)th Station O(fffts)et Latitude | Longitude El?g:ﬁ;ﬁ
B-001-0-23 75 | 326104 | 6.9 RT | 41.419366 | -81.816436
B-002-0-23 10 | 327+23 | 151 RT | 41.419637 | -81.816197
B-003-0-23 20 | 328+89 | 54.7 RT | 41.419937 | -81.815740
B-004-023 | 67.5 | 329465 | 3.5 RT | 41.420185 | -81.815711
B-005-023 | 50.5 |330+88 | 28.9 RT | 41.420381 | -81.815338
B-006-0-23 50 331474 | 203 RT | 41420556 | 81.815134 | RampT
B-007-0-23 49 | 332490 | 169 RT | 41.42076 | -81.814818
B-008-023 | 692 | 333450 | 28 LT | 41.420922 | -81.814806
B-009-0-23 20 | 336+11 | 72.1 RT | 41.421068 | -81.813740
B-010-0-23 75 | 338486 | 7 RT | 41.421482 | -81.812902

CTL Engineering, in collaboration with Mott MacDonald selected the boring locations
as shown approximately on the enclosed Plan and Profile sheets provided in Appendix

A.
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V.

The drillers obtained split spoon soil samples at 2.5-foot interval in the upper 20 feet
and at 5-foot interval thereafter. The drilling crew obtained NQ rock core samples
from borings B-005-0-23 through B-007-0-23. The Split Spoon Samples were
obtained in accordance with Standard Penetration (SPT) procedure. The SPT consists
of driving a 2.0-inch outside diameter (OD) split-spoon sampler 18 inches into the soil
with an automatic 140-pound hammer falling 30 inches. The SPT hammer used for
this project was calibrated in June 30, 2023 and had energy ratio of 84.7 percent in
obtaining industry standard N-values (Nso-values).

The drilling crew visually classified the soil samples then secured them in glass jars
and card board boxes and delivered them to accredited CTL laboratory for further
testing and analyses. =~ A CTL geologist reclassified the soil and rock samples and
performed laboratory testing on representative samples under the direction of the
Geotechnical Engineer. The laboratory testing included hand penetrometer, moisture
content, grain size distribution, and Atterberg limits. During the scoping and fee
preparation we understood that the roadway work is very limited in size and chemical
stabilization will not be considered, thus CTL eliminated the sulfate testing.
Appendices A and B include boring location plan, test boring/lab records and rock
core report.

Dynotec, representative of Mott MacDonald, provided the Stations, offsets,
coordinates, and ground surface elevations at the test boring locations.

FINDINGS

A.

Surface Materials:

The pavement section at soil borings B-004 and B-006 consisted of 12 inches of
concrete and 12 inches of asphalt respectively. The surface material at the
remaining borings consisted of about 12 inches of topsoil and/or topsoil/gravel mix.

Subsurface Soils and Rock:

The subsurface materials consisted of embankment fill material extending to
depths varying from about 3 to 22 feet below existing grades. The fill consisted
of variable material generally of medium dense gravel with sand and silt (A-
2-4), medium dense to dense isolated silt pockets (A-4b), stiff to very stiff to
hard silt and clay (A-6a), and sandy silt (A-4a).

The natural soil consisted of very stiff to hard clay (A-7-6), sandy silt (A-4a), silt
and clay (A-6a), or medium dense to dense gravel with sand and silt (A-2-4),
isolated silt pockets (A-4b), and gravel with sand, silt and clay (A-2-6).

Severely weathered, very weak grey shale and isolated fine-grained sandstone was
noted at borings B-004 to B-008 at depths ranging from 37 to 68 feet below
existing grades (about elevations ranging from 751 feet to 740 feet).
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VL.

The standard penetration test (SPT, Ngo) values and moisture content in the upper
10 feet ranged from 7 to over 50 blows per foot (bpf) and from 8 to 31 percent,
respectively. The SPT and moisture content of the overburden soil below 10 feet
ranged from 10 to over 50 blows per foot (bpf) and from 7 to 20 percent
respectively. The Liquid Limits and Plasticity Index of the cohesive soils ranged
from 20 to 47 percent and from 4 to 23 percent respectively.

Based on historical boring data, the subsurface material at borings consisted of very
stiff to hard alternating layers of silt and clay (A-6a) and sandy silt (A-4a).

C. Groundwater:

Groundwater was noted only at B-003 during drilling at about 14 feet below
existing grades (elevation 780.4).
ANALYSES AND RECOMMENDATIONS

CTL performed subgrade, slope stability, and driven pile lateral capacity analyses based
on the soil data obtained from the field and laboratory testing, and available plans.

A. Subgrades Analyses
CTL performed subgrade analyses in accordance with ODOT Geotechnical Design
Manual using Roadway Subgrade Analyses Spreadsheet. The soil consistencies,
moisture contents, indices, and pavement design parameters within the upper 3 feet

of design and existing subgrades are summarized in Tables 4A and 4B below.

Table 4A: Summary of Subgrade Analyses

Referen Lowest SPT In-Situ Moisture | Estimated Optimum
Alei e;nile;et Values (NeooL) Content (%) Moisture (%)
g Low | High | Avg. | Low | High | Avg. | Low | High | Avg.
Ramp T 8 17 12 9 25 14 8 21 13
Table 4B: Summary of Subgrade Analyses
Reference Plasticity Index (PI) Group Index (GI) Design
Alignment | - Low High | Avg. | Low | High | Avg. C((}/So )R
Ramp T 4 18 10 0 8 4 8

Analyses indicated that the subgrades along Ramp T at soil Boring B-004 near the
bridge rear abutment approach is expected to be unstable. The subgrade materials
at this location exhibited marginally low Standard Penetration (SPT) and
marginally high moisture content above anticipated optimum moisture.
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B. Subgrade Stabilization Options

Based on our Subgrade Analyses (ODOT Spreadsheet in Appendix C) and
interpolation, the subgrades along Ramp T from about Station 328+45 to the
proposed bridge rear abutment at about Station 329+90 may need to be stabilized
by excavation/replacement per ODOT Item 204 or by Cement stabilization. Cement
Stabilization is considered unpractical and uneconomical due to the limited size of
the roadway.

However, per our discussion with ODOT Central Office and District 12, no
subgrade stabilization is to be pre-considered for this project. The actual depth of
excavation and replacement of subgrades should be based on proof roll test during
construction. The Project Engineer in the field based upon proof rolling will
determine the actual depths and limits of excavation/replacement. However, if the
weather and schedule permit, drying and recompacting the top 12 inches of the
subgrades may be considered.

The material to be excavated should be replaced with ODOT Item 703.16.C,
Granular Material underlain by ODOT Item 712.09, Geotextile Fabric. Subgrade
improvements should extend the entire pavement width and any paved shoulder
sections including curbs and gutters and an additional 12 inches beyond the edge
of the pavement.

Group Index (GI) values were calculated for each of the soil samples tested. Group
Index values ranged from 0 to 8 with an average of 4. Based on the GI, CTL
recommend a design CBR of 8.

C. Embankment

Construction:

The project consists of widening the existing embankment of Ramp T. The
widening consists of sidehill sliver fills over existing slight slopes that are steeper
than 4H:1V. CTL in coordination with Mott MacDonald designed the widening
of the embankment in accordance with ODOT Geotechnical Design Manual Item
805 Sidehill Sliver Fill on a Slight Slope where applicable and/or Item 803 General
Case: Special Benched Embankment Construction.
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Perforated slope drains shall be installed in seepage zone if encountered in
accordance with ODOT Geotechnical Design Manual as shown on schematic
below. All surface water and encountered seepage water should be diverted away
from the slope or controlled and allowed to drain with erosion protection.

2/

Granular Embankment, as
Per Plan (No. 8 Aggregate)
Angular)

Geotextile Fabric, 712.09 Type A

Conduit Type E, 707.31 (Perforated

All embankments should be constructed per ODOT Item 203.

Embankment Stability Analyses

CTL considered four (4) slope sections along Ramp T at Stations 329+61,
334+10, 335+00, and 335+33 to be most critical for the slope stability analyses.
The slope stability analyses were performed using Slide 2018, a 2-dimentional
limiting equilibrium program. The soil profile was based on soil boring performed
and available historic borings along the slopes. Random failure surfaces in the
100’s were generated and analyzed in terms of factor of safety (FOS) against
slope failure. The minimum factor of safeties obtained for the proposed sections
are summarized in Table 5. The summaries of the stability analyses including
slope stability methods, soil layers and parameters are included in Appendix D.

Table 5: Summary Results of Slope Stability Analyses

. Average Minimum FOS .
Section Total Stressg Effective Stress Required FOS
329+61 1.8 1.7 >1.5
334+10 3.3 1.5 >1.5
335+00 3.3 1.6 >1.3
335+33 3.8 1.8 >1.3

For this project, the required minimum FOS of is 1.5 for the sections at the
bridge abutments and 1.3 for the sections away from the bridge. The slope stability
analyses indicated that the minimum FOS’s were all well over 1.5 for both the
long and short-term stability.

The embankment should be constructed per ODOT Item 203 and in conformance
with ODOT Geotechnical Design Manual with perforated slope drains
when/where required as indicated previously in this report.
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D.

Bridge Foundation

CTL Draft Exploration Report included options for conventional foundation and
friction piles. However, per our discussion with Mott MacDonald, we understood
that ODOT and the design team prefer driven H Piles for the support of the bridge.
HP10x42 is the preferred pile.

Pile Foundation

Based on the soil borings and provided information, the bridge abutments and piers
can be supported on deep foundation such as driven H piles. H piles driven to
practical refusal into the underlying bedrock can be used. The maximum factored
structural resistance Rr max for piles driven to practical refusal into bedrock is 310
kips for HP 10x42. The Rr max is valid for piles that are not subjected to bending
moments or for piles that are supported by soil for their entire length. The estimated
tip elevations, embedment length, and pay length for H Piles driven to practical
refusal onto bedrock are tabulated below.

Table 6: Estimated H Pile Lengths Driven to Practical Refusal onto Bedrock.

Structure Pile Cutoff Pile Tip 132::1111 fge;ih Order Pay
Elevation (ft) | Elevation (ft) (ft) Length (ft)*
Rear Abut. (B-004) 801.2 745.8 60 65
Pier 1 (B-005) 785.5 747.4 40 45
Pier 2 (B-006) 785.5 749.0 40 45
Pier 3 (B-007) 785.0 749.0 40 45
Forward Abut. (B-008) 795.0 739.2 60 65

*Estimated Order Length is provided in accordance with BDM Section 305.3.5.2

H Piles driven to practical refusal into bedrock will encounter driving difficulties
into hard or dense to very dense overburden soils. In addition, a 3-foot-thick cobble
zone or previous construction debris was noted in Boring B-008 from 25 to 28 feet
deep below grades (about elevations 782.7 to 779.7 feet) which is about 11 to 12
feet below pile cap. Contractor shall be prepared to encounter these conditions that
may impact pile driving at this site. Pre-drilling may be considered for obstruction
to pile driving installation.

CTL performed Drivability Analyses for an HP 10x42 and DELMAG D 19-42
Hammer using GRLWEAP 14. The analyses were based on pile capacity
calculation using APILE at the Rear abutment which is deemed to be the most
critical location in term of drivability. The results of GRLWEAP and APILE are
included in Appendix E. Based on the results we believe that the DELMAG D-19-
42 is able to drive the pile to practical refusal into rock. The pile is expected to be
stressed to about 67 % of it is yielding stress (below the limit of 90 %) during
driving.
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All driven Piles should be furnished and driven in accordance with ODOT CMS
Items 507 and 523. Stress applied to the pile from the pile-driving hammer should
be monitored during driving so as not to damage the pile. A Pile Driving Analyzer
(PDA) should be used to monitor the pile during driving and to determine the
driving criteria of the piles to avoid pile damage.

E. Seismic Coefficients

Based on the soil type and the Standard Penetration Testing (SPT), the Site Class
for the project is Class D. This Site Class was determined using the information
obtained in the test borings as well as published information in the vicinity of the
project site.

F. Retaining Walls

Structural elements subjected to lateral loads may be designed using the
parameters listed in Table 7 below. These parameters are based on Rankine Theory
and the assumption of a level backfill surface and no excessive hydrostatic
pressure. The soil parameters should be adjusted for sloped backfill if any.

Table 7— Lateral Soil Parameters (Retaining Wall - Rankine)

Parameter Overburden Soils (A-6a)

Moist Unit Weight, pcf 125

Angle of Internal Friction, Degrees 30

Soil Cohesion (c), psf Ignore
Soil/Concrete Friction, Degrees 20

At Rest Earth Pressure Coefficient, K, 0.50

Active Earth Pressure Coefficient, K, 0.33

Passive Earth Pressure Coefficient, K,* 3.03

* Passive resistance should be ignored in the upper 3.5 feet.

Lateral pressure arising from surcharge loading should be added to the above soil
earth pressures to determine the total lateral pressures that the walls must resist. In
addition, transient loads imposed on the walls by construction equipment during
backfilling should be taken into consideration during design and construction.
Excessively heavy grading and construction equipment (that could impose
temporary excessive pressures or long-term excessive pressures against the
constructed walls) should not be allowed within five (5) feet (horizontally) of the
walls.

Excavation (permanent or temporary) should be either shored or sloped for stability
purposes. Temporary retaining walls (shoring) should be designed utilizing the
relevant soil parameters shown in the Table 7 above.

Retaining walls such as abutments shall be backfilled in accordance with ODOT
C&MS Item 518.
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VII.

It is recommended those walls which are restrained from rotating be designed based
on at-rest earth pressure conditions, and those walls which are allowed to rotate be
designed based on the active earth pressure conditions.

G. Lateral Pile

Per Mott MacDonald, the H piles for the abutments support will be subject to a
maximum Factored Load of 8.6 kips per pile. CTL performed Lateral Load
Analyses using L-Pile software. The soil parameters and the Lateral Load Analyses
are included in Appendix F. Per our discussion with Mott MacDonald based on the
results of Deflection (0.3 inch), Maximum Shear (9 kips), and Bending (42 kip-ft),
the HP 10X42 is considered acceptable.

H. General Construction and Earthwork

1. Site preparation and earthwork should be performed in accordance
with the ODOT Construction and Material Specifications 200/201, 202,
203, 204, and 206.

2. All fill over slopes shall be overfilled to achieve compaction along the
slope face, and then cut back the overfill material to the finish grade.

3. Filter fabric should be used to separate open graded material from fine-
grained soils to prevent migration of fines.

4. Embankment side slopes should be seeded and vegetation growth
permitted to limit erosion, sloughing and slope failure.

5. Temporary excavations in excess of 4 feet in depth should be sloped
or shored according to OSHA requirements.

CHANGED CONDITIONS

The evaluations, conclusions, and recommendations in this report are based on our
interpretation of the field and laboratory data obtained during the exploration, our
understanding of the project and our experience with similar sites and subsurface
conditions using generally accepted geotechnical engineering practices. Although
individual test borings are representative of the subsurface conditions at the boring
locations on the dates drilled, they are not necessarily representative of the subsurface
conditions between boring locations or subsurface conditions during other seasons of the
year.

In the event that changes in the project are proposed, additional information becomes
available, or if it is apparent that subsurface conditions are different from those provided
in this report, CTL Engineering should be notified so that our recommendations can
modified, if required.
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VIII. TESTING AND OBSERVATION

IX.

During the design process, it is recommended that CTL Engineering work with
the project designers to confirm that the geotechnical recommendations are properly
incorporated into the final plans and specifications, and to assist with establishing criteria
for the construction observation and testing.

CTL Engineering is not responsible for independent conclusions, opinions and
recommendations made by others based on the data and recommendations provided in
this report. It is recommended that CTL be retained to provide construction quality
control services on this project. If CTL Engineering is not retained for these services,
CTL shall assume no responsibility for compliance with the design concepts or
recommendations provided.

CLOSING

This report has been prepared for the exclusive use by the client for use only on this
project.  Our services have been performed in accordance with generally accepted
Geotechnical Engineering principles and practices. No warranty is either expressed or
implied.

CTL Engineering's assignment does not include, nor does this geotechnical report address
the environmental aspects of this particular site.

Specific design and construction recommendations have been provided in this report.
Therefore, the report should be used in its entirety.

Respectfully Submitted,

CTL ENGINEERING, INC.

?ﬂ"ﬂ“‘/ %r ?‘
Matthew Kairétiz, P.E.

Project Manager
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PROJECT DESCRIPTION

CUY-71-10.07 SW IS THE I-71 NB EXIT RAMP TO 1-480 WB. THIS RAMP IS KNOWN AS RAMP T.
RAMP T INCLUDES ROADWAY EMBANKMENT AND A 4-SPAN SINGLE LANE BRIDGE OVER 1-480.
THE PROJECT CONSISTS OF WIDENING AND REPLACING THE EXISTING BRIDGE IN ADDITION
TO WIDENING THE EXITING ROADWAY EARTHEN EMBANKMENT. THE WIDENING OF THE
ROADWAY WILL REQUIRE SLIVER FILL TO BE CONSTRUCTED AT A GRADE OF 2H: 1V OVER
THE EXISTING SLOPES.

HISTORIC RECORDS

HISTORICAL GEOTECHNICAL RECORDS WERE OBTAINED FROM ODOT'S TRANSPORTATION
INFORMATION MAPPING SYSTEM (TIMS) FOR CUY-480-8.72 COMPLETED IN 1965 FOR THE
CURRENT ROADWAY ALIGNMENT. RESULTS OF THESE EXPLORATIONS INDICATED THAT THE
SUBSURFACE MATERIAL CONSISTED OF ALTERNATING LAYERS OF VERY STIFF TO HARD SILT
AND CLAY (A-6A) AND SANDY SILT (A-4A). THESE RESULTS WERE UTILIZED DURING THE
CURRENT DESIGN. ONE HISTORIC BORING B-010-0-65 WAS INCLUDED.

GEOLOGY

ACCORDING TO THE OHIO DEPARTMENT OF NATURAL RESOURCES' DIVISION OF
GEOLOGICAL SURVEY, THE PROJECT SITE IS LOCATED WITHIN LAVERY TILL OF DARK GRAY
TO DARK BROWN SILTY TO CLAYEY STRONGLY CALCAREOUS COHESIVE DEPOSITS AND
WITHIN FINITE MADE LAND AREAS OF RECLAIMED LAND, CUT AND FILL, DUMPS, AND URBAN
COVER. THE BEDROCK GEOLOGY OF THE PROJECT SITE IS MISSISSIPPIAN- AGE BEREA
SANDSTONE, AND OHIO SHALE.

SUBSURFACE EXPLORATION

DURING THE PERIOD OF JULY 20 TO JULY 27, 2023 CTL ENGINEERING ADVANCED TEN (10)
SOIL BORINGS IDENTIFIED AS B-001-0-23 TO B-010-0-23 TO DEPTHS RANGING FROM 7.5 TO
ABOUT 70 FEET BELOW EXISTING GRADES. THE DRILLERS OBTAINED SPLIT SPOON SOIL
SAMPLES AT 2.5- FOOT INTERVAL IN THE UPPER 20 FEET AND AT 5- FOOT INTERVAL
THEREAFTER. THE DRILLING CREW OBTAINED 10- FOOT NQ ROCK CORE SAMPLES FROM
BORINGS B-005-0-23 THROUGH B-007-0-23. THE SPLIT SPOON SAMPLES WERE OBTAINED IN
ACCORDANCE WITH STANDARD PENETRATION (SPT) PROCEDURE. THE SPT CONSISTS OF
DRIVING A 2.0-INCH OUTSIDE DIAMETER (OD) SPLIT-SPOON SAMPLER 18 INCHES INTO THE
SOIL WITH AN AUTOMATIC 140-POUND HAMMER FALLING 30 INCHES. THE SPT HAMMER USED

FOR THIS PROJECT WAS CALIBRATED IN JUNE 30, 2023 AND HAD ENERGY RATIO OF 84.7
PERCENT IN OBTAINING INDUSTRY STANDARD N-VALUES (Ng,-VALUES).

THE DRILLING CREW VISUALLY CLASSIFIED THE SOIL SAMPLES THEN SECURED THEM IN
GLASS JARS AND CARD BOARD BOXES AND DELIVERED THEM TO ACCREDITED CTL
LABORATORY FOR FURTHER TESTING AND ANALYSIS. A CTL GEOLOGIST RECLASSIFIED
THE SOIL AND ROCK SAMPLES AND PERFORMED LABORATORY TESTING ON
REPRESENTATIVE SAMPLES UNDER THE DIRECTION OF THE GEOTECHNICAL ENGINEER.
THE LABORATORY TESTING INCLUDED HAND PENETROMETER, MOISTURE CONTENT, GRAIN
SIZE DISTRIBUTION, AND ATTERBERG LIMITS.

EXPLORATION FINDINGS

THE PAVEMENT SECTION AT SOIL BORINGS B-004 AND B-006 CONSISTED OF 12 INCHES OF
CONCRETE AND 12 INCHES OF ASPHALT RESPECTIVELY. THE SURFACE MATERIAL AT THE
REMAINING BORINGS CONSISTED OF ABOUT 12 INCHES OF TOPSOIL AND/OR
TOPSOIL/GRAVEL MIX.

THE SUBSURFACE MATERIALS CONSISTED OF EMBANKMENT FILL MATERIAL EXTENDING TO
DEPTHS VARYING FROM ABOUT 3 TO 22 FEET BELOW EXISTING GRADES. THE FILL
CONSISTED OF VARIABLE MATERIAL GENERALLY OF MEDIUM DENSE GRAVEL WITH SAND
AND SILT (A-2-4), MEDIUM DENSE TO DENSE ISOLATED SILT POCKETS (A-4B), STIFF TO VERY
STIFF TO HARD SILT AND CLAY (A-6A), AND SANDY SILT (A-4A). THE NATURAL SOIL CONSISTED
OF VERY STIFF TO HARD CLAY (A-7-6), SANDY SILT (A-4A), SILT AND CLAY (A-6A), OR MEDIUM
DENSE TO DENSE GRAVEL WITH SAND AND SILT (A-2-4), ISOLATED SILT POCKETS (A-4B), AND
GRAVEL WITH SAND, SILT AND CLAY (A-2-6).

SEVERELY WEATHERED, VERY WEAK GREY SHALE AND ISOLATED FINE- GRAINED
SANDSTONE WAS NOTED AT BORINGS B-004 TO B-008 AT DEPTHS RANGING FROM 37 TO 68
FEET BELOW EXISTING GRADES (ABOUT ELEVATIONS RANGING FROM 751 FEET TO 740
FEET).

THE STANDARD PENETRATION TEST (SPT, Neo) VALUES AND MOISTURE CONTENT IN THE
UPPER 10 FEET RANGED FROM 7 TO OVER 50 BLOWS PER FOOT (BPF) AND FROM 8 TO 31
PERCENT, RESPECTIVELY. THE SPT AND MOISTURE CONTENT OF THE OVERBURDEN SOIL
BELOW 10 FEET RANGED FROM 10 TO OVER 50 BLOWS PER FOOT (BPF) AND FROM 7 TO 20
PERCENT RESPECTIVELY. THE LIQUID LIMITS AND PLASTICITY INDEX OF THE COHESIVE
SOILS RANGED FROM 20 TO 47 PERCENT AND FROM 4 TO 23 PERCENT RESPECTIVELY.

4
1

LEGEND
oDoT CLASSIFIED
DESCRIPTION CLASS MECH./VISUAL
GRAVEL AND/OR STONE FRAGMENTS WITH SAND A-1-b (0) 2 0
GRAVEL AND/OR STONE FRAGMENTS W/SAND AND SILT A-2-4 (0) 4 2
GRAVEL AND/OR STONE FRAGMENTS W/SAND, A26(0) 3 ]
SILT AND CLAY
COARSE AND FINE SAND A-3a (0) 2 1
Mﬂ] SANDY SILT A-4a (5) 14 13
SILT A-4b (7) 4 3
7
_, SILTAND CLAY A-6a (6) 11 16
Z)
% SILTY CLAY A-Bb (12) 2 6
ﬁ CLAY A-7-6 (10) 5 17
TOTAL 47 59
SANDSTONE VISUAL
SHALE VISUAL
EXXm  PAVEMENT OR BASE = X = APPROXIMATE THICKNESS VISUAL
SOD AND TOPSOIL = X = APPROXIMATE THICKNESS VISUAL

BORING LOCATION - PLAN VIEW

DRIVE SAMPLE AND/OR ROCK CORE BORING PLOTTED TO VERTICAL SCALE ONLY.
HORIZONTAL BAR INDICATES A CHANGE IN STRATIGRAPHY.

WC INDICATES WATER CONTENT IN PERCENT.

N INDICATES STANDARD PENETRATION RESISTANCE
60 NORMALIZED TO 60% DRILL ROD ENERGY RATIO.

W— " INDICATES FREE WATER ELEVATION.

° INDICATES A PLASTIC MATERIAL WITH MOISTURE CONTENT
EQUAL TO OR GREATER THAN THE LIQUID LIMIT MINUS 3.

SS INDICATES A SPLIT-SPOON SAMPLE.

TR INDICATES TOP OF ROCK.

SPECIFICATIONS

THIS GEOTECHNICAL EXPLORATION WAS PERFORMED IN ACCORDANCE WITH THE STATE OF
OHIO, DEPARTMENT OF TRANSPORTATION, OFFICE OF GEOTECHNICAL ENGINEERING,
SPECIFICATIONS FOR GEOTECHNICAL EXPLORATIONS, DATED JULY 2023.

AVAILABLE INFORMATION

THE SOIL, BEDROCK, AND GROUNDWATER INFORMATION COLLECTED FOR THIS
SUBSURFACE EXPLORATION THAT CAN BE CONVENIENTLY DISPLAYED ON THE SOIL
PROFILE SHEETS HAS BEEN PRESENTED. GEOTECHNICAL REPORTS, IF PREPARED, ARE
AVAILABLE FOR REVIEW ON THE OFFICE OF CONTRACT SALES WEBSITE.
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SUMMARY OF SOIL TEST DATA

I-71

EXPLORATION NO., SAMPLE % HP % % % % % %  ODOT ppm
STATION & OFFSET FROM TO ID Neo REC tf GR CS FS SILT CLAY LL PL Pl WC CLASS (G S04
B-001-0-23 01.00-0250  SS-1 17 100 - 49 6 9 27 9 28 24 4 25 Ada(0) ;
STA. 326+04, 7' RT.
LATITUDE = 41419366 03.50-05.00  SS-2 24 00 - 11 10 10 53 16 22 18 4 10 A4b(7) ;
LONGITUDE = -81.816436 06.00-07.50  SS-3 21 100 - SAME AS SS-2 16  A-4b (VISUAL) ;
B-002-0-23 01.00-0250  SS-1 13 100 45 0 12 15 51 22 31 20 1 12 A®a(8) ;
STA. 327423, 15'RT.
LATITUDE = 41419637 03.50-05.00  SS-2 20 100 - 57 4 5 18 16 36 20 16 9 A-2-6(1) ;
LONGITUDE = -81.816197 06.00-07.50  SS-3 13 100 - SAME AS SS-2 12 A-2-6 (VISUAL) ;

08.50-10.00  SS-4 45 100 - 3 32 31 3 3 NP NP NP 11 A3a(0) ;

FOR STRUCTURE AND EMBANKMENT BORINGS B-003-0-23 TO B-009-0-23 AND B-010-0-65 SEE BORING LOGS ON SHEETS 8 TO 15 AND 17 TO 23 RESPECTIVELY.

B-010-0-23 01.00-02.50  SS-1 13 100 225 40 9 9 34 8 42 24 18 14 AT6(4) ;
STA. 338+86, 7' RT.

LATITUDE = 41.421482 03.50-05.00  SS-2 25 100 - 44 10 7 31 8 34 26 8 18 Ada(1) ;
LONGITUDE = -81.812902 06.00-07.50  SS-3 37 100 - SAME AS SS-2 11 Ada (VISUAL) ;
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GEOTECHNICAL PROFILE - ROADWAY
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