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I.  EXECUTIVE SUMMARY 

The overall project, identified as PAU-TR33-04.75, consists of replacing an existing 

three-span bridge (SFN 6333389) with a new three-span bridge. The bridge will carry 

Township Road 33 over the Flat Rock Creek in Payne, Paulding County, Ohio. The 

existing bridge is a non-composite prestressed concrete box beam bridge supported on 

stone masonry abutments with reinforced concrete cap and column piers. The proposed 

bridge will be a prestressed composite concrete box beam bridge supported with integral 

abutments and piers on H-Piles. 

 

Two (2) soil test borings, identified as B-001-0-24 and B-002-0-24, were completed for 

this subsurface exploration and were drilled within the existing roadway pavement. The 

test borings were drilled and sampled to depths ranging from 46.8 feet to 48.6 feet below 

the existing road surface. Both borings encountered asphalt underlain by gravel base at 

the ground surface. 

 

Beneath the surficial materials, the test borings encountered both fine-grained, cohesive 

soils and coarse-grained, granular soils before encountering weathered bedrock. The fine-

grained, cohesive soils encountered were described as stiff to hard sandy silt (A-4a) and 

clay (A-7-6). The coarse-grained, granular soils were described as very loose to very 

dense, gravel and/or stone fragments with sand (A-1-b), gravel and/or stone fragments 

with sand and silt (A-2-4), and coarse and fine sand (A-3a). Rock fragments and possible 

boulders were encountered within the encountered subsurface soils. Accordingly, the 

contractor should be prepared to encounter rock fragments and possible boulders during 

construction. 

 

Dolomitic bedrock was encountered at depths of 38.0 feet to 35.5 feet below existing 

surface grades in B-001-0-24 and B-002-0-24, respectively. The bedrock was described 

as gray, severely to slightly weathered, moderately strong to strong, thin bedded, fine 

grained, vuggy, and crystalline. Groundwater was encountered in both test borings during 

drilling and at the completion of drilling at depths ranging from 4.6 feet to 12.0 feet.  

 

Based upon the soil and rock data obtained from the field and laboratory testing the 

proposed bridge may be supported onto H-Piles (HP 10x42 and HP 12x53) piles driven to 

refusal into the underlying bedrock. Please refer to the Analyses and Recommendations 

section for additional information. 
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II. INTRODUCTION  

The project involves the replacement of the existing Township Road 33 (PAU-TR33-

04.75) bridge over the Flat Rock Creek in Payne, Paulding County, Ohio. The project site 

is located approximately 820 feet north of the intersection of Township Road 33 and 

Township Road 72. 

 

Based on the DGL Engineers, LLC (DGL) drawing titled, “Site Plan Bridge No. PAU-

TR-04.75 Over Flat Rock Creek” (undated), which was provided to CTL on September 

12, 2024, it is understood that the existing three-span non-composite prestressed concrete 

box beam bridge will be replaced with a three-span prestressed composite concrete box 

beam bridge supported on integral abutments and piers. It is understood that the proposed 

bridge will be supported by steel H-Piles (HP 10x42 and HP 12x53) driven to refusal into 

the underlying bedrock. 

 

The purpose of this geotechnical exploration is to determine the subsurface conditions at 

the bridge in conjunction with providing recommendations for the design of the bridge 

foundation. Bockrath & Associates (B&A) requested CTL perform the geotechnical 

exploration for the bridge replacement in accordance with the State of Ohio’s Department 

of Transportation (ODOT) Specifications of Geotechnical Exploration (SGE), dated July 

2024. CTL’s initial services were performed in accordance with our proposal number 

22050046WAP-PPL, dated May 9, 2022. 

 

 

III. GEOLOGY AND OBSERVATIONS OF THE PROJECT 

A. Geology 

According to the Ohio Department of Natural Resources (ODNR) mapping, the 

project site is located within the Maumee Lake Plains physiographic region. This 

physiographic region is described as Pleistocene-age silt, clay, and wave-planed 

clayey till over Silurian- and Devonian-age carbonate rocks and shales.  

 

Geologic mapping (Surficial Geology of the Ohio Portions of the Defiance 30 x 60 

Minute Quadrangles, Ohio Division of Geological Survey, 2012) indicates that the 

overburden soils are mapped to consist of Holocene-age alluvium underlain by 

Wisconsinan-age glacial till. According to the mapping of bedrock geology in the 

area, (Reconnaissance bedrock geology of the Payne, Ohio Quadrangle, Digital Map 

Series, BG-2, ODNR Geological Survey, 1994), the surficial soil deposits on the site 

are underlain by Devonian-age sedimentary bedrock identified as the Dundee 

Limestone Formation. The Dundee Limestone Formation consists of olive gray to 

brown fossiliferous limestone and cherty dolomite that is thin to thick bedded.  

 

According to the mapping of karst features (Known and Probable Karst in Ohio, 

ODNR Geological Survey Map EG-1, 1999; Revised 2002, 2006), there are no 

mapped karst features in the general vicinity of the project area. Additionally, karst 

features were not observed at the ground surface during our field exploration. 

 



Structure Foundation Exploration Report – Draft  November 26, 2024 

PAU-TR33-04.75 (Bridge over Flat Rock Creek) – PID No. 113849 CTL Project No. 24050001WAP 
Payne, Paulding County, Ohio  Page 3 
________________________________________________________________________________________________________ 
 

 

According to the mapping of historic and active mines (ODNR Mines of Ohio), there 

are no documented mines in the general vicinity of the project area. 

 

B. Observations 

The existing Township Road 33 Bridge (SFN 6333389) is a 2-lane, three-span bridge. 

It is located approximately 820 feet north of the intersection of Township Road 33 

and Township Road 72. The existing bridge was constructed in 1980 and has a total 

length of approximately 132.0 feet with a width of approximately 24.0 feet. 

 

A field reconnaissance was completed by CTL personnel on May 5, 2022, December 

19, 2023, and January 11, 2024. Township Road 33 runs generally south to north, and 

the Flat Rock Creek generally flows west to east beneath Township Road 33. The 

topography in the surrounding area is relatively flat to gently sloping while the 

ground surface immediately adjacent to the creek slopes steeply downward in the 

immediate area of the bridge. The area along the roadway and creek is covered by 

vegetation consisting of weeds, brush, and trees with the surrounding land usage 

consists of woodland and a waterway (Flat Rock Creek).  

 

At the bridge, the depth from the road surface to the creek flow line is approximately 

10 feet. At the time of the site reconnaissance, the roadway asphalt pavement surface 

was observed to be in fair to poor condition; roadway pavement cracking was 

observed on both approaches of the existing bridge and at the abutments. Erosion at 

the existing bridge abutments was observed. 

 

IV. EXPLORATION 

A total of two (2) soil test borings (identified in Table 1) were drilled for this project. 

Each of the test borings were drilled within the existing roadway pavement near the 

existing abutments. A summary of approximate test boring locations, ground surface 

elevations and coordinates along with the depths of the two test borings are presented 

below in Table 1. 

 

Table 1. Boring Locations, Depths, Elevations, and Coordinates 

Boring No. 
Station & 

Offset 

Approximate 

Ground Surface 

Elevation (feet) 

Approximate 

Latitude       

(N-Parallel) 

Approximate 

Longitude 

(W-Meridian) 

Borehole 

Depth 

(feet) 

B-001-0-24 
250+69.5, 

0.1’ RT. 
748.5 41.056554 84.746131 48.6 

B-002-0-24 
252+32.5, 

10.4’ LT. 
748.5 41.057015 84.746170 46.8 

 

The locations of the test borings were determined in the field by CTL using 

measurements from existing site features. The test boring coordinates and ground surface 

elevations at the test boring locations were obtained from DGL drawing titled, “Site Plan 

Bridge No. PAU-TR-04.75 over Flat Rock Creek” (undated), which was provided to CTL 

on September 12, 2024. 
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The test borings were drilled by CTL between January 31, 2024 and February 2, 2024, 

utilizing 3-¼ inch inside diameter hollow-stem augers powered by a track-mounted rotary 

drill rig. Split-barrel (spoon) samples and Standard Penetration Tests (SPTs) were 

performed in the test borings using a 140-pound automatic hammer falling 30 inches to 

drive 2-inch O.D. split barrel samplers for 18 inches. The automatic hammer was 

calibrated at an energy ratio of 79.3 percent. Rock coring was performed in both structure 

test borings using wireline casing with an NQ2-size, double tube core barrel with a 

diamond bit. 

 

The soil materials recovered from the split spoon samples were preserved in glass jars, 

visually classified in the field, and delivered to CTL’s soil laboratory for secondary visual 

classification, testing and analysis. Samples were also tested for moisture content. 

Representative samples were subjected to laboratory testing including Atterberg Limits, 

grain size distribution, and hand penetrometer strength estimates. Rock core samples 

were subjected to Rock Quality Designation (RQD), rock recovery calculations, and 

compressive strength testing. 

 

Drilling, sampling, field and laboratory testing were performed according to standard 

geotechnical engineering practices and current ASTM International and/or AASHTO 

procedures. Results from field and laboratory tests are shown on the Test Boring Records 

in Appendix B of this report. The results of the laboratory tests are presented in Appendix 

C of this report. 

 

 

V. FINDINGS 

A. Soil Stratigraphy 

A general description of the soils encountered during our subsurface exploration is 

presented below. Further details of the subsurface conditions encountered during 

CTL’s geotechnical exploration are presented in the Test Boring Records in Appendix 

B. Results of the laboratory tests are presented in Appendix C. 

 

At the ground surface, the two (2) test borings drilled encountered four (4) inches of 

asphalt underlain by seven (7) to eight (8) inches of gravel base.  

 

Beneath the surficial materials, the test borings encountered both fine-grained, 

cohesive soils and coarse-grained, granular soils before encountering weathered 

bedrock. The fine-grained cohesive soils were described as stiff to hard, brown, 

grayish brown, and gray sandy silt (A-4a) and clay (A-7-6). SPT N60-values 

determined within the fine-grained soils ranged from 4 blows per foot (bpf) to 100 

bpf with natural moisture content values ranging from 3 percent to 24 percent.  
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The coarse-grained soils encountered in the test borings were described as very loose 

to very dense, brown and gray gravel and/or stone fragments with sand (A-1-b), 

gravel and/or stone fragments with sand and silt (A-2-4), and coarse and fine sand (A-

3a). SPT N60-values determined within the coarse-grained soils ranged from 3 bpf to 

103 bpf with natural moisture content values ranging from 7 percent to 27 percent. 

 

Beneath the overburden soil materials, test borings B-001-0-24 and B-002-0-24 

encountered weathered dolomitic bedrock. The drilling equipment and sampling were 

able to penetrate into the weathered rock before encountering auger refusal. The 

transition from the soil overburden to the underlying bedrock stratum is not always 

distinct and can be gradual depending on the degree of weathering of the rock.  

 

Upon achieving auger refusal, borings B-001-0-24 and B-002-0-24 were rock cored 

an additional depth of 10.0 feet and 10.5 feet, respectively. The bedrock consisted of 

dolomite and was described as gray, severely to slightly weathered, moderately strong 

to strong, thin bedded, fine grained, vuggy, and crystalline. RQD values were 

determined and ranged from 36 to 89 percent with core loss values of 0 to 27 percent. 

 

B. Results of Laboratory Tests 

Selected soil samples were tested in the laboratory for Atterberg Limits and grain size 

distribution. The results of the soil laboratory tests are presented on the Test Boring 

Records in Appendix A and Appendix B and are summarized in Table 2. 

 

Table 2. Soil Laboratory Test Results 

Boring No. 
Sample 

No. 

Depth 

(feet) 
ODOT 

Atterberg 

Limits (%) 

Grain-Size Distribution 

(%) 

LL PI 
Gr 

(%) 

Sa 

(%) 

Silt 

(%) 

Clay 

(%) 

B-001-0-24 SS-3 6.0 – 7.5 A-7-6 45 20 1 17 40 42 

B-001-0-24 SS-5 9.0 – 10.5 A-7-6 44 19 0 9 49 42 

B-001-0-24 SS-6 10.5 – 12.0 A-7-6 46 23 0 16 42 42 

B-001-0-24 SS-7 12.0 – 13.5 A-3a Non-Plastic 5 71 13 11 

B-001-0-24 SS-8 13.5 – 15.0 A-2-4 21 7 35 37 16 12 

B-001-0-24 SS-13 26.0 – 27.5 A-1-b Non-Plastic 31 57 7 5 

B-001-0-24 SS-16 33.5 – 35.0 A-4a 20 7 28 29 24 19 

B-002-0-24 SS-3 6.0 – 7.5 A-4a 24 7 1 57 22 20 

B-002-0-24 SS-5 9.0 – 10.5 A-3a Non-Plastic 0 78 11 11 

B-002-0-24 SS-6 10.5 – 12.0 A-3a Non-Plastic 0 80 9 11 

B-002-0-24 SS-7 12.0 – 13.5 A-4a 22 8 4 29 43 24 

B-002-0-24 SS-8 13.5 – 15.0 A-4a 20 7 10 37 33 20 

B-002-0-24 SS-9 16.0 – 17.5 A-4a 20 7 4 27 43 26 

B-002-0-24 SS-11 21.0 – 22.5 A-4a 20 8 10 28 37 25 
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NP = Non-Plastic 

LL = Liquid Limit 

PI = Plasticity Index 

Silt Fraction (particle size < 0.075 mm 

Clay Fraction (particle size < 0.005 mm)  

Gr = Gravel; Sa = Sand 

 

Samples of the rock cores from borings B-001-0-24 and B-002-0-24 were tested for 

uniaxial compressive strength utilizing ASTM D7012, Method C. It should be noted 

that each of the samples tested were comprised of dolomite. The test results are 

summarized in Table 3 below. 

 

Table 3. Summary of Rock Compressive Strength Tests  

Boring No. 
Sample 

No. 

Sample 

Depth 

(feet) 

Sample 

Description 

Unit 

Weight 

(pcf) 

Corrected 

Compressive 

Strength (psi)(1) 

B-001-0-24 NQ2-1 40.9 – 41.5 Dolomite 163.7 6,690 

B-001-0-24 NQ2-2 46.2 – 46.7 Dolomite 167.7 7,200 

B-002-0-24 NQ2-1 37.8 – 38.1 Dolomite 166.0 5,980 

B-002-0-24 NQ2-2 42.6 – 43.0 Dolomite 171.4 10,240 

(1) Corrected Compressive Strength Testing conducted in accordance with ASTM D7012, Method C 

 

C. Groundwater 

Groundwater was encountered in both test borings during drilling and at the 

completion of drilling at depths ranging from 4.6 feet to 12.0 feet. It should be noted 

that the groundwater depths encountered during this subsurface exploration are 

generally not a reliable indication of long-term groundwater levels. Fluctuations in 

the level of the groundwater table (or saturated soils/perched water levels) will occur 

due to seasonal variances in rainfall, drainage, types of soils present and other factors. 

We caution that groundwater can be perched at various elevations above the general 

static groundwater level after periods of rainfall, especially in the lower elevations 

and natural drainage paths of the site. 

 

 

VI. ANALYSES AND RECOMMENDATIONS 

Based upon the preceding considerations as well as the subsurface information obtained 

from the field and laboratory testing and CTL’s experience with these soil/rock types, our 

recommendations are presented in the following paragraphs. 

 

A. Bridge Scour 

Scour parameters were developed in general accordance with ODOT’s Geotechnical 

Design Manual Section 1302. Table 4 and Table 5 summarizes the scour parameters. 
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Table 4. Summary of Scour Parameters – Rear Abutment 

Boring No. 
Sample 

No. 

Elevation 

(feet) 

Particle 

Grain 

Size, D50 

(mm) 

Critical 

Shear 

Stress, 

τc (psf) 

Equivalent 

Grain 

Size, D50, 

equiv (mm) 

Erosion 

Category 

(EC) 

B-001-0-24 

SS-3 742.5 - 741.0 0.0085 0.7934 37.9805 3.72 

SS-5 739.5 - 738.0 0.0076 0.5452 26.1010 3.67 

SS-6 738.0 - 736.5 0.0096 0.5164 24.7194 3.87 

SS-7 736.5 - 735.0 0.2545 0.0053 0.2545 1.49 

SS-8 735.0 - 733.5 0.6114 0.0128 0.6114 1.94 

SS-13 722.5 - 721.0 0.9340 0.0195 0.9340 2.16 

SS-16 715.0 - 713.5 0.1530 0.0996 4.7655 2.63 

 

Table 5. Summary of Scour Parameters – Forward Abutment 

Boring No. 
Sample 

No. 

Elevation 

(feet) 

Particle 

Grain 

Size, D50 

(mm) 

Critical 

Shear 

Stress, 

τc (psf) 

Equivalent 

Grain 

Size, D50, 

equiv (mm) 

Erosion 

Category 

(EC) 

B-002-0-24 

SS-3 742.5 - 741.0 0.0994 0.0240 1.1501 2.63 

SS-5 739.5 - 738.0 0.1482 0.0029 0.1395 2.21 

SS-6 738.0 - 736.5 0.1350 0.0017 0.0837 2.21 

SS-7 736.5 - 735.0 0.0213 0.3802 18.1986 2.75 

SS-8 735.0 - 733.5 0.0558 0.2793 13.3706 2.63 

SS-9 732.5 - 731.0 0.0180 0.7072 33.8532 2.63 

SS-11 727.5 - 726.0 0.0250 1.1228 53.7481 2.75 

 

B. Structure Foundation Support 

It is understood that the proposed structure will be a three-span bridge supported on 

steel HP 10x42 piles (Abutments) and HP 12×53 piles (Piers) driven to refusal in the 

underlying bedrock. 

 

Top of coreable bedrock was encountered at elevations 709.9 feet and 712.2 feet for 

B-001-0-24 (Rear Abutment) and B-002-0-24 (Forward Abutment), respectively. 

  

Based on the soil and rock data obtained from the field and laboratory testing, it is 

CTL’s opinion that the proposed bridge may be supported on H-Piles (HP 10x42 and 

HP 12×53) driven to refusal into the underlying bedrock. Recommendations for 

driven piles are provided in the following paragraphs. 

 

Maximum factored structural resistance (Pr), estimated pile tip elevations, estimated 

pile lengths, and pile order length for the proposed structure is shown in Table 6. The 

estimated pile tip elevation at the abutments were estimated as the elevation where 

rock coring begins in the nearby test borings (B-001-0-24 and B-002-0-24).  
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The estimated pile tip elevation at the piers were interpolated from the two 

aforementioned test borings. The estimated pile length includes a 2-foot embedment 

into the pile cap at the abutments and 1.5-foot embedment into the pile cap at the 

piers. 

 

Table 6. Recommended H-Pile Design Parameters 

Structure 

Location / Boring 

No.  

Pile Type 

Estimated 

Bottom of 

Pile Cap 

Elevation 

(feet)(1) 

Maximum 

Factored 

Structural 

Resistance 

(Pr), (kips)(2) 

Estimated 

Pile Tip 

Elevation 

(feet) 

Estimated 

Pile 

Length 

(feet)(3) 

Order 

Length 

(feet)(4) 

Rear Abutment   

B-001-0-24 
HP 10x42 741.2 310 709.9 35.0 40.0 

Pier 1(5) HP 12x53 744.7 380 710.7 40.0 45.0 

Pier 2(6) HP 12x53 744.9 380 711.4 40.0 45.0 

Forward Abutment  

B-002-0-24 
HP 10x42 741.6 310 712.2 35.0 40.0 

(1) Bottom of pile cap elevations are estimated from DGL Engineers, LLC drawing titled, “Site Plan Bridge No. PAU-

TR-04.75 over Flat Rock Creek” (undated), which was provided to CTL on September 12, 2024. 

(2) The Pr is based on ODOT Bridge Design Manual Section 305.3.3 and does include the resistance factor, c = 0.50 

(3) Estimated Design Pile Length = Estimated Pile Length rounded up to the next 5-foot interval. 

(4) Order Length = Estimated Design Pile Length plus 5 feet 

(5) Subsurface Model utilizes test boring B-001-0-24 for soil parameters. 

(6) Subsurface Model utilizes test boring B-002-0-24 for soil parameters. 

 

A Resistance Factor (c) of 0.5 should be used for the piles driven intro bedrock. Pile 

driving should follow ODOT Construction and Material Specifications Item 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 dynamic load test should be performed 

to verify that the Ultimate Bearing Value is achieved.  

 

Additionally, please note that the Pr value provided in Table 6 assumes the following 

conditions: 

 Pile is axially loaded with negligible moment. 

 Pile has no appreciable loss of section due to deterioration throughout the life of 

the structure. 

 Pile has a steel yield strength of 50-ksi. 

 Pile is fully braced along its length. 
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In accordance with ODOT BDM Section 305.3.5.6, protection of the pile tips are 

required during driving due to the presence of encountering rock fragments and potential 

boulders during the geotechnical exploration. Protection of the pile tips include adding 

steel points, conical points or cutting shoes. 

 

Drivability Analysis 

For point bearing piles on bedrock, select a hammer that is capable of reaching and 

penetrating bedrock for the specified pile type and size. Driving refusal is defined in 

ODOT BDM 305.3.1.2.  Please refer to Appendix D for the wave equation analysis 

(WEAP) results for the drivability of the piles during construction. The WEAP 

analysis was performed using a standard Delmag D19-42 hammer rated with an 

energy of 43.2 kip-ft. 

 

C. General Construction and Earthwork 

1. Site preparation, earthwork and installation of structures should be performed in 

accordance with the ODOT Construction and Material Specifications, and 

applicable Geotechnical Design Manual.  

 

2. Embankment side slopes should be seeded and vegetation growth permitted to 

limit sloughing and slope failure.  

 

3. Temporary excavations more than 4.0 feet in depth should be sloped or shored in 

accordance with OSHA regulations. 

 

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. 

 

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 should be notified so that our recommendations can be modified, if 

required. 

 

VIII. TESTING AND OBSERVATION 

During the design process, it is recommended that CTL 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. 
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IX. CLOSING 

The report was prepared by CTL Engineering, Inc. (Consultant) solely for the use of 

Client in accordance with an executed contract. The Client’s use of or reliance on this 

report is limited by the terms and conditions of the contract and by the qualifications and 

limitations stated in the report. It is also acknowledged that the Client’s use of and 

reliance of this report is limited for reasons which include: actual site conditions that may 

change with time; hidden conditions, not discoverable within the scope of the assessment, 

may exist at the site; and the scope of the investigation may have been limited by time, 

budget and other constraints imposed by the Client. 

 

Neither the report, nor its contents, conclusions or recommendations, are intended for the 

use of any party other than the Client. Consultant and the Client assume no liability for 

any reliance placed on this report by such party. The rights of the Client under contract 

may not be assigned to any person or entity, without the consent of the Consultant which 

consent shall not be unreasonably withheld. This geotechnical report does not address the 

environmental conditions of the site. The Consultant is not responsible for consequences 

or conditions arising from facts that were concealed, withheld, or not fully disclosed at 

the time the assessment was conducted. 

 

To the fullest extent permitted by law, the Consultant and Client agree to indemnify and 

hold each other, and their officers and employees harmless from and against claims, 

damages, losses and expenses arising out of unknown or concealed conditions. 

Furthermore, neither the Consultant nor its employees shall be liable to the Owner in an 

amount in excess of the available professional liability insurance coverage of the 

Consultant. In addition, Client and Consultant agree neither shall be liable for any 

special, indirect or consequential damages of any kind or nature. 

 

The Consultant’s services have been provided consistent with its professional standard of 

care. No other warranties are made, either expressed or implied. 

 

Thank you for the opportunity to be of service to you on this project. If you have any 

questions regarding our services, please contact our office. 

 

Respectfully Submitted, 

CTL ENGINEERING, INC. 

 

 

 

 

Christopher D. Carey, E.I.    Frederick L. Schoen, P.E. 

Geotechnical Engineer    Project Manager 

       Licensed Ohio E-66510 
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GEOTECHNICAL PROFILE - BRIDGE
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