
 

 

CTL Engineering, Inc. 
2860 Fisher Road, P.O. Box 44548, Columbus, Ohio 43204-3538 
Phone: 614/276-8123; Fax: 614/276-6377 
Email: ctl@ctleng.com 

 
AN EMPLOYEE OWNED COMPANY 

Consulting Engineers ● Testing ● Inspection Services ● Analytical Laboratories Established 1927 

Offices:  Ohio, Indiana, West Virginia, Virginia, Pennsylvania, Kentucky 

 
 
 
March 10, 2023  
Revised June 9, 2023 
 
IBI Group 
23 Triangle Park Drive 
Cincinnati, Ohio 45246 
 
Attention: Mr. Steven Butler, P.E. 
 Associate – Manager, Transportation Engineering 
  
Reference: Geohazard Exploration Report - Final 

PIK-772-14.10 Slide Repair 
PID: 115993 
Pike County, Ohio 
CTL Project No. 23050003COL 

 
Dear Mr. Butler: 
 
CTL Engineering, Inc. has completed the Geohazard Exploration for the above referenced project. 
Enclosed is the digital (pdf) copy of the Final report.  
 
Thank you for the opportunity to work with you on this project.  If you have any questions or need 
further information, please feel free to contact our office. 
 
 

Respectfully Submitted 
 

CTL ENGINEERING, INC. 
 

 
 
 

 
Joe Grani, P.E. 
Project Engineer  
 
 
 
 
 



 

 
 
 

GEOTECHNICAL SUBSURFACE 
EXPLORATION - FINAL 

 
 

 
 

 
 

PIK-772-14.10 SLIDE REPAIR 
PID: 115993 

PIKE COUNTY, OHIO 
CTL PROJECT NO. 23050003COL 

 
 
 
 
 

PREPARED FOR: 
 
 

IBI GROUP 
23 TRIANGLE PARK DRIVE 

CINCINNATI, OHIO 45246 
 

 
 
 

PREPARED BY: 
 
 

CTL ENGINEERING, INC. 
2860 FISHER ROAD 

COLUMBUS, OHIO 43204 
Phone 614-276-8123 

Fax 614-276-6377 
 
 
 

March 10, 2023 
Revised June 9, 2023 

 
 



 

TABLE OF CONTENTS 
 

         
PAGE 

  
I.  EXECUTIVE SUMMARY       1  

 II. INTRODUCTION        1 

III. GEOLOGY AND OBSERVATIONS OF THE PROJECT  2 

IV. EXPLORATION        2 

A. Test Borings        2 

B. Geophysical Testing       3 

V. FINDINGS         3 

A. Test Borings        3 

VI. ANALYSES AND RECOMMENDATIONS    4 

A. Global Stability Analysis      4 

B. Initial Slope Repair Alternatives     5 

C. Drilled Shaft Analysis       5 

D. Culvert Replacement       7 

VII. CHANGED CONDITIONS       7 

VIII. TESTING AND OBSERVATION      8 

IX. CLOSING         8 

  
 APPENDIX A GEOTECHNICAL PLAN AND PROFILE SHEETS 
 APPENDIX B TEST BORING RECORDS 
 APPENDIX C GEOPHSYICAL TEST RESULTS 
 APPENDIX D GLOBAL STABILITY ANALYSIS 

APPENDIX E DRILLED SHAFT ANALYSES 
  
  

 
 

 



CTL Project No. 23050003COL 
March 10, 2023 Revised June 9, 2023  
Page 1 
 

 

 
I. EXECUTIVE SUMMARY 
 

The project involves the exploration of a landslide near mile marker 14.10 of State Route 
772 (SR 772) in Pike County, Ohio. Within the project limits, the SR 772 
southwest/westbound lanes and guardrail are experiencing instability consisting of 
rotational/translational movement with a head scarp developed within the roadway 
pavement (near the centerline of the road) and into the slope below the roadway. 
 
A total of four (4) test borings were performed for this project. Three (3) borings were 
performed within the southwest/westbound lane of SR 772, and one (1) boring was 
performed within the northeast/eastbound lane. All four borings were extended into the 
underlying bedrock. The top of bedrock was encountered at depths ranging from 8.5 to 
17.4 feet below existing grade. The top of bedrock elevations range from 818.9 to 837.2 
feet. 
 
Slope stability and drilled shaft analyses were performed at the critical section (Station 
1406+75) along SR 772. Based on the results of the analyses, the following drilled shaft 
retaining wall with plug piles is recommended: 
 

 3.0-foot diameter reinforced shafts installed at a 5.5-foot center to center 
spacing with W24x131 steel piles.  
 

 3.0 feet diameter plug (unreinforced) shafts installed between the structural 
shafts at an offset along the proposed centerline of the reinforced drilled shafts.  

 
 Minimum bedrock embedment length of reinforced shafts of 15.0 feet. 

 
 Constructed at a 23.0-foot offset (left) from the centerline of SR 772. 

 
 

II. INTRODUCTION 
  

The project involves the exploration of a landslide near mile marker 14.10 of SR 772 in 
Pike County, Ohio. The length of the project is approximately 386 feet.  
 
The purpose of this report is to provide findings from the subsurface exploration performed 
by ODOT and to provide recommendations for the repair of the landslide. This is a Final 
Report.  
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III. GEOLOGY AND OBSERVATIONS OF THE PROJECT 
 
According to the Ohio Department of Natural Resources, Physiographic Regions of Ohio 
Map, the site is located within the Shawnee-Mississippian Plateau, which is an unglaciated 
portion of the Alleghney Plateau. Bedrock below the site generally consists of 
Mississippian-age shale, siltstone and sandstone. 
 
According to web based mapping from United States Department of Agriculture, Natural 
Resources Conservation Service, the project area contains one primary soil: 
 
1. Trappist-Shelocta Association, Steep (TsF): Weathered bedrock residuum, 25 to 40 
percent slopes, well-drained, very low to moderately high hydraulic conductivity (0.0 to 
0.2 in/hr). 

 
According to the Ohio Department of Natural Resources (ODNR) Ohio Karst Areas map, 
no karst features have been mapped near the project site. 
 
According to mapping from the ODNR Website, No underground mines have been mapped 
in the project area.  

 
A site visit was performed by ODOT and CTL Engineering personnel on December 1, 
2022.  SR 772 is a rural minor collector road with a design and posted speed limit of 55 
mph and approximately 9-foot wide travel lanes with little to no existing paved shoulders. 
A major portion of the distresses appeared to be in the southwest/westbound lane of SR 
772. Tension cracks were noted within the pavement extending to near the centerline of the 
road. An existing pile wall was observed near the northern side of the existing guardrail 
within the project limits. Shale bedrock was exposed on the uphill side of SR 772. An 
existing culvert was located within the project limits. 
 
 

IV. EXPLORATION 
 
A. Test Borings 

 
A total of four (4) test borings were performed for this project by ODOT between 
September 12 and October 2, 2018. Three (3) borings were performed within the 
southwest/westbound lane of SR 772, and one (1) boring was performed within the 
northeast/eastbound lane. The test boring records were provided to CTL to be 
utilized for this report. 
 
The test borings were performed with a truck mounted drill rig, utilizing 3.25-inch 
hollow stem augers (HSA), between September 12 and October 2, 2018. Rock 
coring was performed in all four borings, using an NQ-size core barrel. The hammer 
system used was calibrated on April 2, 2018. The hammer system had a drill rod 
energy ratio of 87.0 percent. 
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Split spoon soil samples were collected at 2.5-foot intervals until split spoon refusal 
was encountered. Representative soil samples were subjected to laboratory testing 
including moisture content, hand penetrometer, grain size distribution and 
Atterberg limits.  
 
Rock from the coring operation was visually classified. The Rock Quality 
Designation (RQD) and percent core loss values were determined.  Representative 
samples of the recovered rock were subjected to compressive strength testing. 
 
Latitude and Longitude coordinates and ground surface elevations of the test boring 
locations were included on the test boring records when provided to CTL. 
 

B. Geophysical Testing  
 

In addition to the test borings performed by ODOT, geophysical testing was also 
performed by ODOT for this project within the area of the landslide. The results of 
this testing were provided to CTL. The geophysical test results are located in 
Appendix C of this report. 
 

 
V. FINDINGS 
 

A. Test Borings 
 

The borings were drilled through the existing pavement of SR 772. The borings 
exhibited pavement compositions consisting of 12 to 42 inches of asphalt.  

 
Beneath the existing pavement borings B-011-0-18 and B-013-0-18 encountered 
gravel and/or stone fragments with sand (A-1-b) to depths of 6.0 and 3.5 feet 
respectively. These materials exhibited N60 values ranging from 6 to 12 blows per 
foot (bpf), with natural moisture content values ranging from 3 to 11 percent. 
 
Below the stone fragments in borings B-011-0-18 and B-013-0-18, and below the 
pavement in B-010-0-18 and B-012-0-18, the borings exhibited layers of sandy silt 
(A-4a) and silt and clay (A-6a).  A layer of stone fragments with sand and silt (A-
2-4) with cobbles and boulders was encountered in boring B-11-0-18 between 
depths of 11.0 and 17.0 feet. These soils exhibited N60 values ranging from 4 blows 
per foot (bpf) to 60 blows for 6 inches of penetration, and natural moisture content 
values ranging from 9 to 24 percent. 
 
Below the soils in borings B-010-0-18 and B-012-0-18, augerable shale bedrock 
was encountered at depths ranging from 8.5 to 11.0 feet. These depths correspond 
to elevations ranging from 837.2 to 818.9 feet. The augerable bedrock exhibited 
N60 values ranging from 77 bpf to 48 blows for 6 inches of penetration. 
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Below the soil overburden or below the augerable bedrock, the borings exhibited 
coreable bedrock. The recovered bedrock from the coring operations was described 
as shale or interbedded shale and sandstone. The bedrock recovered from the coring 
operations exhibited Rock Quality Designation (RQD) values ranging from 0 to 50 
percent, and core recovery values ranging from 35 to 100 percent. 
 
No groundwater was encountered during drilling and sampling of the test borings.  

 
 
VI. ANALYSES AND RECOMMENDATIONS 
 
 A. Global Stability Analyses 
 

A global stability analysis was performed to estimate the shape and depth of the 
failure surface for the existing site conditions.  The stability of the existing slope was 
evaluated using the Rocscience Slide computer program, and the analysis was based 
on the Morgenstern-Price method. The slope on the northern side of SR 772 was used 
in the analysis. 
 
Cross sections within the area of the slip were prepared by IBI Group, and were 
provided to CTL Engineering. The stability analysis was performed using the most 
critical cross section (Station 1406+75).   

 
The stability of the slope was evaluated from laboratory test results, parameters 
provided in ODOT’s Geotechnical Design Manual (GDM) and engineering judgment. 
Soil and rock strength parameters used in the analysis are summarized in Table 1. 

 
Table 1 – Soil and Rock Parameters  

 
  
  
 
 
 
 
 
 

* A low value for cohesion was used so that the analysis would not exhibit shallow 
sloughing in these layers. 
 
Results of the global stability analysis are provided in Appendix D. During the site 
reconnaissance visit, cracking from the head scarp extended to near the centerline of 
SR 772. Therefore, the shear surface was estimated to intercept the ground surface at 
the observed head scarp for the global stability model. The failure surface is also 
assumed to travel along top of rock and exit near the toe of slope.  

Material 
No. 

T 
(pcf) 

Effective Stress Parameters 
Material Types 

C (psf)  (deg) 
1 145 50* 0 Pavement 
2 122 50* 32 A-1-b 
3 118 150 22 A-6a 
4 130 275 28 A-4a 
5 140 0 20 Soft Rock 
6 140 2000 40 Firm Rock 
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B. Initial Slope Repair Alternatives  
 

Based upon the conditions encountered in our exploration, the existing grades and 
results of the slope stability analysis, it is CTL’s opinion that the slope repair could 
be performed by installing a retaining wall system on the northern downslope side 
of SR 772. The retaining wall should be extended into the underlying competent 
bedrock.  The following retaining wall is being considered for this project: 

Drilled Shaft Retaining Wall with Plug Piles– Under this retaining wall type, the 
roadway can be supported by installing row of structural drilled shafts at an offset 
location from the edge of roadway. The structural drilled shafts should be 
reinforced with steel pile sections, and then filled to their full length with structural 
concrete. The structural shafts should be socketed into competent bedrock. The plug 
piles (non-reinforced shafts), should be installed between the structural shafts and 
should extend down to the top of rock, and serve the purpose of lagging between 
the structural (reinforced) shafts.  

 
C. Drilled Shaft Analysis  

 
Drilled shaft analyses were also performed at the critical section of the proposed 
wall alignment, which was estimated to be at Station 1406+75.  
 
The analyses were performed to determine the steel size that will be required for 
the project. The following assumptions were used in the analyses: 
 

 3.0-foot diameter reinforced shafts will be installed at a 5.5-foot center to 
center spacing.  

 3.0 feet diameter plug (unreinforced) shafts will be installed between the 
structural shafts at an offset along the proposed centerline of the reinforced 
drilled shafts.  

 The retaining wall is assumed to be constructed at a 23.0-foot offset from 
the centerline of SR 772.  

 
 UA SLOPE Analysis 
 

The shear plane surface obtained from the SLIDE analysis was input into the UA 
Slope Program Version 2.3 software. The model was initially checked to verify the 
FS of existing conditions closely resembled the results from the SLIDE analysis, 
which was at 1.0. The output of this initial run is provided in Appendix E. 
 
The analysis then involves modeling drilled shafts at a 23.0-foot offset (left) from 
the centerline of SR 772. The output of the UA Slope Program showing the force 
per shaft value at this assumed drilled shaft location is attached to this report in 
Appendix E. 
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 L-Pile Analysis 
 

The force per shaft value obtained from the UA Slope Program was then entered 
into the L-pile program to estimate the deflection, shear, and moments within the 
shafts. Procedures outlined in the ODOT GDM along with AASHTO and LRFD 
manuals were followed while performing the L-pile analyses.  

 
Design checks per the ODOT GDM were performed for each case. Based on the 
analyses, the steel section that satisfied the necessary design checks is provided in 
Table 2. 

 
Table 2- Steel Section 

Description 
Wall 

Location 

Force 
per 

Shaft 
(lbs) 

Diameter 
of Shaft 

(feet) 

Center to 
Center 

Spacing 
(feet) 

Recommended 
Steel Section 

Plug Pile 
Retaining 

Wall 

23.0-foot 
offset from 

the centerline 
of SR 772 

76,196 3.0 5.5 W24x131 

 
Results of the L-pile analyses are provided in Appendix E. The bedrock 
encountered at the project site consisted of shale or interbedded shale and 
sandstone. The upper several feet of bedrock was either augerable or exhibited a 
relatively low RQD value. Therefore, the upper several feet of bedrock may not be 
relied upon for bedrock resistance even though it was identified as bedrock on the 
test boring records. Although the LPILE analysis indicated that a 10-foot rock 
socket would be adequate for the design, CTL recommends utilizing a deeper rock 
socket depth of 15.0 feet to ensure adequate rock socket is achieved. 

 
The failure plane at the shaft location along Station 1406+75 is estimated to extend 
approximately 24.3 feet below the top of proposed wall, which is near the estimated 
top of bedrock at the proposed wall location. Therefore, it is our recommendation 
that non-reinforced shafts (plugs) should extend to the top of bedrock. 

 
Based on the analyses, it is CTL’s opinion that the steel section provided in Table 
2 can be used for the entire length of the project (Station 1404+86.12 to 
1408+72.14) provided that the recommended drilled shaft retaining wall 
configuration is selected for this project.  
 
Table 3 below shows the estimated top of rock elevations at the location of the 
proposed wall. 
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Table 3- Estimated Top of Bedrock Elevations at Proposed Wall Location 

Station Boring 

Estimated Top of Bedrock 
Elevation at Proposed 

Wall Location  
(23-foot Offset) 

1405+10.28 B-010-0-18 812.6 

1406+68.10 B-011-0-18 815.6 

1407+42.02 B-012-0-18 825.2 

1407+93.65 B-013-0-18 829.2 

 
 
The top of rock elevations at the proposed wall location were estimated assuming 
a 22 degree slope rate of the bedrock and the top of bedrock elevations encountered 
at the test boring locations for borings B-010-0-18 through B-013-0-18. 
 
Additional L-Pile analyses were performed at the critical section (Station 1406+75) 
assuming a maximum depth of bedrock at the proposed wall location of 30.0 feet 
below the top of proposed wall. This was done to verify that the proposed retaining 
wall would properly function if bedrock is encountered deeper than (up to 30 feet 
below the top of the wall) what is shown on the plans. 
 

D. Culvert Replacement  
 

It is understood a new 18-inch CPP culvert is to be constructed within the project 
site crossing SR 772. Based on preliminary information provided by IBI Group, it 
is understood the wall configuration at the location where the culvert will cross 
through the wall will consist of two consecutive 3.0-foot diameter plug piles below 
the culvert, and two consecutive 3.0-foot diameter reinforced shafts on both ends, 
creating a 3’-8” opening in the wall. The proposed configuration at this location 
along the wall is acceptable using W24x131 piles in the reinforced shafts. 

 
 
VII. 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. 
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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. 
 
 

VIII. TESTING AND OBSERVATION 
 

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.   

 
 
IX. 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. 
           

                 
Evan Holcombe, P.E.                           Joe Grani, P.E. 
Senior Geotechnical Engineer    Project Engineer   
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GLOBAL STABILITY ANALYSES 
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