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EXECUTIVE SUMMARY 
This report summarizes the results of the geotechnical study performed by HDR Engineering, Inc. 

(HDR) in support of the MOT-4-19.30 settlement improvement project along State Route 4 (SR 

4) at the Stanley Avenue interchange in Dayton, Ohio. This section of roadway was constructed 

over an existing landfill in the late 1950’s and is experiencing settlement that is impacting the 

mainline and Ramps J, K, and L. The Ohio Department of Transportation began exploring 

possible alternatives for a more permanent solution before teaming with Chagrin Valley 

Engineering, Ltd to continue this work. 

Ten soil borings were performed as part of the geotechnical exploration program to assess the 

subsurface conditions along SR 4 and associated ramps within the project limits. The explorations 

extended through the embankment fill to approximately 20 feet below the underlying refuse 

material to provide a more complete representation of the soil profile at the project site. This report 

includes the geotechnical information obtained from these borings, as well as the laboratory 

testing performed under this study. The exploration findings, along with the laboratory test results, 

are presented in more detail in Section 3 as well as in Appendix D of this report. The generalized 

soil profile as encountered in these borings consists of an overlying layer of granular embankment 

fill, underlain by refuse materials and construction debris, over granular glacial outwash soils 

containing occasional layers of cohesive glacial till. As the borings were located within the 

pavement limits of either SR 4 or Ramps J, K and L, the surficial materials consist of asphaltic 

concrete with some areas underlain with reinforced Portland-cement concrete. Further discussion 

on the encountered subsurface conditions is found in Section 4.  

Given the encountered subsurface conditions at the site, including the encountered thicknesses 

of the existing embankment material and underlying refuse material, it was decided to construct 

a geogrid-reinforced soil mat to create a more uniform and interconnected subgrade and aid in 

reducing the noticeable effects of the differential settlement within the pavement system. To 

construct the geogrid mat, the existing subgrade material is to be undercut to a depth of 36 inches 

below the bottom of the proposed pavement system and three layers of Tensar InterAxTM geogrid 

installed. The first or bottom layer is to consist of a layer of NX850-FG, a composite geosynthetic 

consisting of a NX850 geogrid bonded to a nonwoven geotextile. The second or middle layer will 

consist of NX850 geogrid to be placed at 24 inches below the bottom of the pavement system, 

and the third or upper layer of NX850 geogrid is to be placed at 12 inches below the proposed 

bottom of the pavement system. The backfill materials for the 36-inch undercut are to consist of 

the on-site embankment materials, which classify as a gravel (A-1-a) or gravel with sand (A-1-b). 

If needed, borrow material meeting the requirements of ODOT Item 703.16 Type B Granular 

material with a fines content of less than 15% passing the No. 200 sieve may be utilized as well. 

Additional discussions and recommendations with regards to the geogrid-reinforced soil mat are 

provided in Section 5.  
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1. INTRODUCTION 
This report summarizes the results of the geotechnical study performed by HDR Engineering, Inc. 

(HDR) in support of the MOT-4-19.30 settlement improvement project along State Route 4 (SR 

4) at the Stanley Avenue interchange in Dayton, Ohio. This section of roadway was constructed 

over an existing landfill in the late 1950’s and is experiencing settlement that is impacting the 

mainline and Ramps J, K, and L. The City of Dayton is responsible for maintaining the roadway 

within the project area. HDR understands that the City has periodically performed asphalt 

patching and overlays (mill and fill), and resetting of the guardrail, in response to the differential 

settlement that is affecting rideability along SR 4 and the ramps. However, these repairs have 

proven to be stopgap measures as settlement of the roadway has continued. As such, the Ohio 

Department of Transportation (ODOT) began exploring possible alternatives for a more 

permanent solution before teaming with Chagrin Valley Engineering, Ltd (CVE) to continue this 

work. 

Four feasible alternatives to reduce the effects of the continued settlement and consolidation of 

the refuse material at the project site were considered by the CVE team as part of this study. An 

evaluation of these alternatives (1. Undercut and Replacement, 2. Rigid Inclusions, 3. Injection 

Grouting, and 4. a No-Build alternative) as well as recommendations with regards to a preferred 

alternative are presented in the geotechnical design memo dated October 13, 2023. Based on a 

meeting with ODOT on September 27, 2023 and a follow up email from the ODOT Project 

Manager, Jonathon Koester, dated November 15, 2023, it is understood that the Undercut and 

Replacement alternative utilizing the on-site materials as the granular backfill for the geogrid-

reinforced soil mat was selected by ODOT as the preferred alternative. 

With the selection of the preferred alternative, the remaining scope of work relative to the 

geotechnical study for the MOT-4-19.30 project included: 

• updating and finalizing the evaluations related to the use of a partial undercut and 

replacement with a geogrid-reinforced soil mat to reduce the effects of continued 

settlement and consolidation of the refuse material along SR 4 and Ramps J, K, and L, 

and 

• development of this Roadway Exploration Report, which presents the analyses and 

recommendations for implementation of the selected alternative. 

2. GEOLOGY AND OBSERVATIONS 

2.1 Project Setting 
Located within the City of Dayton, SR 4 is a major arterial highway that parallels the Mad River 

within the project area as shown on the Site Vicinity and Topographic Map (Exhibit No. 1) in 

Appendix A. The project site is located within a highly developed urban area, with residential 

housing and the occasional business located to the north of the highway, and a recreational sports 

complex to the south. Dayton Children’s Hospital is also located within the project area, 

immediately to the north of the SR 4/Stanley Avenue interchange at the corner of Stanley Avenue 

and Valley Street.  
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The surrounding area is relatively level, with any considerable elevation changes occurring along 

the excavation and/or embankment slopes for the mainline alignment, various ramps, and near 

the right-of-way boundaries. This also includes the spill-through abutments for the left and right 

bridge structures carrying SR 4 over Stanley Avenue at the western project limits. As shown on 

Exhibit No. 1, the existing topography at the project site ranges from approximately El. 775 to El. 

760 along SR 4, from about El. 775 to El 750 along Ramp J, and from roughly El. 760 to El. 750 

along Ramps K and L. 

2.2 Soil and Geologic Setting 
Montgomery County is located in the Southern Ohio Loamy Till Plains region within the 

Wisconsin-age, glaciated Central Lowland Till Plains section of southwestern Ohio (Exhibit No. 

2). Montgomery County is a broad, nearly level to gently-rolling till plain, where Wisconsin-age 

glaciers wore away and filled in the former rolling to moderately steep limestone topography. This 

glacial action and the stream development that followed resulted in the formation of a series of 

creeks and rivers across the county, including the Mad River, Stillwater River, Twin Creek, Wolf 

Creek, and Great Miami River. The Great Miami River flows north-to-south through the middle of 

Montgomery County, and together with its tributaries, drains most of the county.  

The project site is located near the confluence of the Mad River and the Great Miami River, within 

the confines of an ancient, buried river valley that is part of the Great Miami/Mad River Buried 

Aquifer. The soils in this valley generally consist of unconsolidated Pleistocene glacial deposits, 

predominately Wisconsinan and Illinoian in age, when the glaciers retreated and melt waters were 

discharged through the valleys, partially filling them with sand and gravel outwash. The soils and 

materials overlying the site are much more recent, and the result of human activity. The underlying 

bedrock in the vicinity of the project site generally consists of Ordovician-age limestone and shale. 

2.2.1 Project Soils 

According to the Surficial Geology of the Ohio portion of the Dayton region map from the Ohio 

Department of Natural Resources (ODNR) dated 2011 (Exhibit No. 3), the surficial materials in 

the project area generally consist of Wisconsinan Sand and Gravel (SG) with interbedded layers 

of unsorted silt, clay, sand, gravel, and boulders (T), underlain by Ordovician-age Limestone and 

Shale bedrock (L-S). The soils along the south side of the project site consist of similar materials, 

with the exception of an overlying layer of more recently deposited alluvium (a) from the adjacent 

Mad River. Sand and gravel mining is prevalent throughout the project area. A review of ODNR 

mine maps (Exhibit No. 4), historic topographic maps from the United States Geological Survey, 

and the MOT-4-19.73 plans (ODOT, 1958) indicate aggregate mining occurred within the project 

limits prior to 1955, with these water-filled gravel pits extending under portions of Ramp J and K. 

Gravel mining continues to be conducted in the surrounding areas; however, these aggregate 

mines are generally outside of an approximately 4 to 6 mile radius of the project site. 

The USDA Soil Survey of Montgomery County indicate the most prevalent surficial soil types 

within the project limits consist of urban fills and man-made deposits including Udorthents (Ud), 

gravel pits (Gp) and Made Land (Mb) as shown in Exhibit No. 5a. As shown on Exhibit Nos. 5b 

through 5d in Appendix A, the soil survey does not provide steel and concrete corrosion risk nor 

pH levels for the soils within the project site. As these soils are urban fills and have been subjected 
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to development and disturbances throughout the years, site specific testing will need to be 

performed to determine the potential risk to construction materials.  

2.2.2 Bedrock Geology 

As shown on Exhibit No. 6 (Bedrock Geology Map), the bedrock geology mapped within the 

majority of the project area is the Ordovician-age Grant Lake Formation, with the underlying 

Miamitown Shale-Fairview Formation, undivided mapped along Ramp L and the northern project 

boundary. However, some publications and maps combine these three formations, designating 

this unit as the Grant Lake and Fairview Formations, Miamitown Shale Formation, undivided. As 

a combined formation, the underlying bedrock units are comprised of interbedded layers of 

fossiliferous shale and limestone. Evenly proportioned shale and limestone is thin- to thick-

bedded in the upper half, and thin- to medium-bedded in the lower half. An interval of 

predominantly shale (90%) with interbedded limestone (approximately 10%) may be found near 

the middle of the bedrock unit. The term Grant Lake Formation is used where the unit becomes 

predominantly shale (50% to 60%) based on USGS publications. The top of bedrock in the project 

area, as shown on Exhibit No. 7 (Bedrock Topography Map), is at approximately El. 500, or 250 

to 275 feet below the existing ground surface. 

3. EXPLORATION 

3.1 Previous Explorations 

Multiple subsurface explorations have been performed within the MOT-4-19.30 project limits, from 

the initial soil explorations (auger and test borings) for this section of SR 4 in 1958, to test borings 

and dynamic cone penetrometer (DCP) testing at the site in 2016, 2017, and 2021. These later 

explorations were performed as part of an ODOT study to pursue more long-term solutions to the 

on-going settlement at the project site, including in-situ grouting to fill voids and stabilize the 

ground beneath the embankment, constructing a reinforced concrete slab beneath the pavement 

section to bridge over the settlement areas, and the use of a geogrid-reinforced mat. 

The interchange was constructed over an existing landfill in the late 1950’s, with the footprint of 

both the active and abandoned portions of the landfill at the time of construction extending from 

about Mainline Station 85+00 to Station 96+00. The historic borings performed in 1958 within the 

project area indicate the thickness of the landfill or refuse material ranging from 0 to 15 feet, with 

an average depth of approximately 7 feet. The refuse material was described as random fill: 

gravel, ashes, cans, glass, rubber, rags, tires, bottles, and tin. A later test boring performed in 

2017 (B-001-0-16) that penetrated 8 feet into the landfill described the material as refuse 

containing glass with sand, silt, clay, and stone fragments. The soils underlying the refuse material 

as encountered in the 1958 borings consisted of gravel (A-1-a), gravel with sand (A-1-b), gravel 

with sand, silt, and clay (A-2-6) with occasional gravel with sand and silt (A-2-4), coarse and fine 

sand (A-3a), and silt and clay (A-6a).  

The refuse material is overlain by embankment fill placed during construction, consisting of 

medium dense to very dense gravel and stone fragments (A-1-b, A-2-4) with varying amounts of 

sand, silt and concrete fragments based on two borings drilled in 2017. The relative density of the 
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granular embankment was corroborated by the DCP testing performed in 2016 and 2021 at the 

site to depths of roughly 2 to 10 feet below the existing ground surface. 

Per the historic plans, the mainline pavement is comprised of a composite section consisting of 

approximately 10 inches of asphalt over 9 inches of reinforced concrete. Pavement cores 

obtained during the previous geotechnical explorations indicate pavement thicknesses similar the 

design section (19 inches) up to 36 inches. The difference in thickness is in additional asphalt, 

which has been placed to raise and level paved surfaces in areas that have settled due to 

degradation and consolidation of the landfill materials. The pavement cores that indicate 

additional asphalt are mainly located between Mainline Station 87+50 and Station 93+00, which 

roughly corresponds with the settlement limits as indicated by the District in their 2016 study 

between Station 86+00 and Station 93+00.  

A list of the historic borings and DCP tests located within the project limits are provided in 

Table 3-1 and Table 3-2, respectively, with the approximate locations of these previous 

explorations shown on Exhibit No. 8 (Boring Location Plan) in Appendix A. Copies of the boring 

and DCP logs, the graphical logs for the 1958 borings, as well as other information as presented 

on the historic construction plans and soil profile sheets, are located in Appendix B. 
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Table 3-1: Historic Boring Designations 

Project  

(Year) 

Original  

Designation 

Original 

Station – Offset1 

(Alignment) 

Latitude Longitude 
Updated 

Designation 

MOT-4-19.73 (1958) -- 85+50, CL (SR 4) 39.779262 -85.161106 B-001-2-58 

MOT-4-19.73 (1958) -- 2+00, CL (Ramp J) 39.779312 -84.160591 B-001-3-58 

MOT-4-19.73 (1958) -- 88+00, 50’ LT (SR 4) 39.779809 -84.160511 B-003-2-58 

MOT-4-19.73 (1958) -- 88+00, 50’ RT (SR 4) 39.779587 -84.160307 B-003-3-58 

MOT-4-19.73 (1958) -- 5+00, CL (Ramp L) 39.779974 -84.160640 B-003-4-58 

MOT-4-19.73 (1958) -- 88+00, 135 RT (SR 4) 39.764060 -84.160130 B-003-5-58 

MOT-4-19.73 (1958) -- 90+00, CL (SR 4) 39.780022 -84.159832 B-005-1-58 

MOT-4-19.73 (1958) -- 90+00, 50’ LT (SR 4) 39.780129 -84.159929 B-005-2-58 

MOT-4-19.73 (1958) -- 90+00, 115’ LT (SR 4) 39.780283 -84.160070 B-005-3-58 

MOT-4-19.73 (1958) -- 90+00, 50’ RT (SR 4) 39.779907 -84.159729 B-005-4-58 

MOT-4-19.73 (1958) -- 90+00, 100’ RT (SR 4) 39.779793 -84.159626 B-005-5-58 

MOT-4-19.73 (1958) -- 90+00, 192’ RT (SR 4) 39.779587 -84.159442 B-005-6-58 

MOT-4-19.73 (1958) -- 9+50, CL (Ramp K) 39.779517 -84.158997 B-007-1-58 

MOT-4-19.73 (1958) -- 1+00, 30’ LT (Ramp L) 39.780408 -84.159311 B-008-1-58 

MOT-4-19.73 (1958) -- 93+00, 5’ RT (SR 4) 39.780333 -84.158827 B-009-1-58 

MOT-4-19.73 (1958) -- 93+00, 50’ RT (SR 4) 39.780439 -84.158906 B-009-2-58 

MOT-4-19.73 (1958) -- 6+00, CL (Ramp K) 39.780341 -84.158327 B-010-1-58 

MOT-4-19.30 (2016) B-001-0-16 90+69, 53’ RT (SR 4) 39.780297 -84.158906 B-001-0-16 

MOT-4-19.30 (2016) B-002-0-16 92+86, 51’ RT (SR 4) 39.779984 -84.159550 B-002-0-16 

Notes: 
1. Stationing listed as presented in respective project plans 
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Table 3-2: Historic DCP Locations 

Project 

(Year) 

Original 

Designation 

Original 

Station – Offset1 

(Alignment) 

Latitude Longitude 
Updated 

Designation 

D7 MOT SR4 DCP (2016) DCP-1 80+12, 16 LT (Ramp K) 39.779864 -84.158706 D-001-0-16 

D7 MOT SR4 DCP (2016) DCP-2 90+67, 68 RT (SR 4) 39.779945 -84.159527 D-002-0-16 

D7 MOT SR4 DCP (2016) DCP-3 91+21, 68 RT (SR 4) 39.780025 -84.159369 D-003-0-16 

D7 MOT SR4 DCP (2016) DCP-4 92+62, 68 RT (SR 4) 39.780224 -84.158949 D-004-0-16 

D7 MOT SR4 DCP (2016) DCP-5 93+44, 68 RT (SR 4) 39.780334 -84.158701 D-005-0-16 

D7 MOT SR4 DCP (2016) DCP-6 94+07, 68 RT (SR 4) 39.780416 -84.158508 D-006-0-16 

D7 MOT SR4 DCP (2016) DCP-7 90+47, 16 LT (SR 4) 39.780107 -84.159751 D-007-0-16 

D7 MOT SR4 DCP (2016) DCP-8 91+15, 15 LT (SR 4) 39.780208 -84.159546 D-008-0-16 

D7 MOT SR4 DCP (2016) DCP-9 91+85, 14 LT (SR 4) 39.780308 -84.159333 D-009-0-16 

MOT-4-19.93(2021) D-001-0-21 85+57, 31 RT (SR 4) 39.779190 -84.161033 D-001-0-21 

MOT-4-19.93 (2021) D-002-0-21 87+36, 33 LT (SR 4) 39.779638 -84.160688 D-002-0-21 

MOT-4-19.93 (2021) D-003-0-21 87+79, 48 RT (SR 4) 39.779537 -84.160388 D-003-0-21 

MOT-4-19.93 (2021) D-004-0-21 89+17, 46 LT (SR 4) 39.779970 -84.160197 D-004-0-21 

MOT-4-19.93 (2021) D-005-0-21 89+88, 34 RT (SR 4) 39.779903 -84.159825 D-005-0-21 

MOT-4-19.93 (2021) D-006-0-21 91+04, 47 RT (SR 4) 39.780050 -84.159459 D-006-0-21 

MOT-4-19.93 (2021) D-007-0-21 91+11, 33 LT (SR 4) 39.780244 -84.159594 D-007-0-21 

Notes: 
1. Stationing for 2016 DCP locations approximated from provided information and location maps using SR 4 centerline 

alignment. 

3.2 Site Reconnaissance 
A geotechnical site reconnaissance of the project area was performed on May 10, 2023, as well 

as during the subsurface exploration program from May 15 to 22, 2023. The reconnaissance 

consisted of observations made while walking the mainline and ramp alignments, as well as the 

infields and median, and noting the general terrain, overall condition of the exiting roadways and 

pavement, and any additional pertinent observations. Representative photos of these 

observations have been included in Appendix C. 

As previously mentioned, the project site is located within a highly developed urban area, with 

residential housing and the occasional business located to the north of the highway, and a 

recreational sports complex to the south. Mature trees and dense overgrown vegetation were 

noted along the south embankment slope for Ramp K and along the north embankment slope for 

Ramp L. The median between north and southbound SR 4, as well as the infields between the 

ramps and SR 4, are level to gently sloping, maintained grassed areas. No signs of settlement or 

distress were noted in these areas, but undulations in the vertical profile were noted along all 

travel lanes of SR 4 and Ramps J and K. Vehicles were observed to be bouncing, tilting, and 

wobbling in these areas, with gouges noted in the pavement surface where vehicles had bottomed 

out. Those areas where settlement was readily distinguishable were along the mainline from 
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approximately Sta. 87+00 to Sta. 93+00, from about Sta. 5+00 to Sta. 9+00 along Ramp K, and 

on Ramp L from roughly Sta. 2+50 to Sta. 5+00. Longitudinal cracking was also noted between 

lanes of traffic with regular intervals of transverse cracking. Areas of alligator cracking and map 

cracking were also noted along Ramp K from approximately Sta. 6+50 to Sta. 8+00 as well as at 

the merge of northbound SR 4 and Ramp J (approximately Ramp J Sta. 0+50 to Sta.1+50). Similar 

conditions were noted occasionally at the interface of the travel lanes and shoulders along SR 4. 

3.3 Subsurface Exploration 
Ten soil borings were performed as part of the geotechnical exploration program to assess the 

subsurface conditions along SR 4 and associated ramps within the project limits. The explorations 

extended through the embankment fill to approximately 20 feet below the underlying refuse 

material to provide a more complete representation of the soil profile at the project site. The 

locations of the explorations are shown on the Boring Location Plan (Exhibit No. 8) in Appendix 

A. The test locations were located and marked in the field during the initial site reconnaissance 

on May 10, 2023, with the as-drilled locations surveyed after completion of the borings. These 

locations are reflected on the boring location plan, boring logs and Table 3-3. 

Table 3-3. Summary of Explorations 

Exploration 
Number 

Exploration 
Type 

Latitude Longitude 
Ground 
Surface 
(El., ft) 

Top of 
Refuse 
Material 
(El. ft) 

Bottom 
of 

Refuse 
Material 
(El. ft) 

Bottom of 
Exploration 
Depth (ft) 

Bottom of 
Exploration 

(El. ft) 

B-001-1-23 C3 39.779141 -84.160889 772.6 756.1 750.1 42.0 730.6 

B-002-1-23 C3 39.779490 -84.160409 770.9 755.4 743.4 47.5 723.4 

B-002-2-23 C3 39.779310 -84.160214 768.2 764.2 757.2 33.5 734.7 

B-003-1-23 C3 39.779984 -84.160505 770.3 761.3 743.1 46.0 724.3 

B-004-1-23 C3 39.779853 -84.159766 768.1 756.1 738.6 50.0 718.1 

B-004-2-23 C3 39.780079 -84.160106 771.5 761.0 746.0 46.5 725.0 

B-008-0-23 C3 39.780288 -84.159458 768.1 759.1 746.6 41.5 726.6 

B-009-0-23 C3 39.780282 -84.158882 764.2 756.2 743.2 43.0 721.2 

B-010-0-23 C3 39.779882 -84.158816 763.0 755.5 738.0 45.3 717.7 

B-011-0-23 C3 39.780667 -84.157898 761.5 751.5 748.0 34.0 727.5 

Notes:  
1. C3 = Uncontrolled Fill Borings 

The borings were drilled with a Diedrich D-50 track rig by Central Star Drilling under the 

supervision of an HDR geotechnical engineer from May 15 to 22, 2023. The rig was calibrated on 

March 7, 2022 and had an energy ratio of 86.8%. All borings were drilled utilizing 3.25-inch internal 

diameter hollow stem augers to advance the borings to the explored depths. The sampling of the 

soils was accomplished in accordance with the Standard Test Method for Penetration Test and 

Split-Barrel Sampling of Soils (ASTM D 1586) at continuous 1.5-foot intervals to the determined 

bottom of the refuse material, and at 2.5-foot intervals thereafter until reaching the boring 

termination depth approximately 20 feet below the refuse material. In the split-barrel sampling 

procedure, a standard 2-inch outside diameter split-barrel sampling spoon is driven into the 
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ground with a 140-pound hammer falling 30 inches. The number of blows required to advance 

the sampling spoon the last 12 inches of a typical 18-inch penetration is recorded as the standard 

penetration test (SPT) resistance or NSPT-value. The NSPT-value is then corrected to an energy 

ratio of 60%, termed N60, which is used for design. Retrieval of undisturbed soil samples within 

an occasional cohesive layer were also attempted in accordance with the Standard Practice for 

Thin-Walled Tube Sampling of Soils for Geotechnical Purposes (ASTM D 1587). However, these 

attempts were unsuccessful due to the generally high granular content of the subsurface soils or 

limited thickness of the cohesive layers. Pavement cores were also obtained using a 10-inch 

diameter core barrel at select boring locations along the mainline. Photos of the pavement cores 

and the typed boring logs are provided in Appendix D. 

3.4 Laboratory Testing 
Representative soil samples were selected for laboratory testing to confirm the field classification 

and to assess the various engineering properties of the soils. Soil index testing was performed at 

HDR’s materials laboratory and included 237 natural moisture content tests (per ASTM D 2216), 

80 Atterberg limit determinations (per ASTM D 4318), and 80 grain size analyses (per ASTM D 

422). Due to the composition of obtained samples, 2-hour hydrometer tests (per ASTM D 422) 

could not be performed on nine of the selected test samples due to a lack of appropriate testing 

material. Results of these tests are presented on the boring logs provided in Appendix D. 

4. FINDINGS 

4.1 Encountered Subsurface Conditions 
The generalized soil profile as encountered in the ten recent soil borings consists of an overlying 

layer of granular embankment fill, underlain by refuse materials and construction debris, over 

granular glacial outwash soils containing occasional layers of cohesive glacial till. As the borings 

were located within the pavement limits of either SR 4 or Ramps J, K and L, the surficial materials 

consisted of asphalt concrete with some areas underlain with reinforced Portland-cement 

concrete. A summary of the encountered pavement thicknesses is provided in Table 4-1. 

Photographs of the pavement core as obtained from select boring locations as indicated in the 

table below are provided in Appendix D.  
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Table 4-1: Encountered Pavement Types and Thicknesses 

Exploration 
Number 

Asphalt 
Thickness 

(in.) 

Reinforced Concrete 
Thickness 

(in.) 

Total Pavement 
Thickness 

(in.) 

Pavement Core 
Photo Provided 

B-001-1-23 12 -- 12 Yes 

B-002-1-23 12 9 21 -- 

B-002-2-23 9 -- 9 -- 

B-003-1-23 14 -- 14 Yes 

B-004-1-23 27 -- 27 Yes 

B-004-2-23 10 8 18 Yes 

B-008-0-23 13 -- 13 Yes 

B-009-0-23 17 -- 17 Yes 

B-010-0-23 30 12 42 -- 

B-011-0-23 12 -- 12 Yes 

Embankment fill as encountered in each of the borings consisted of generally medium dense to 

very dense Gravel (A-1-a) with Gravel with Sand (A-1-b), Gravel with Sand and Silt (A-2-4) and 

Coarse and Fine Sand (A-3a) encountered to a lesser extent. This overlying granular fill is 

consistent with the fill material as specified in the 1958 construction plans. The thickness of the 

fill material ranges from 3.3 feet to 15.5 feet as presented on the graphical depictions of the 

encountered subsurface conditions for both SR 4 and its associated ramps in Appendix E.  

The underlying refuse material generally consisted of medium dense to very dense Gravel 

(A-1-a), Gravel with Sand (A-1-b), Gravel with Sand and Silt (A-2-4) and Sandy Silt (A-4a) with 

Coarse and Fine Sand (A-3a) and Fine Sand (A-3) encountered to a lesser extent. The material 

tended to have a dark brown to black coloring, with noted amounts construction debris including 

brick, glass, asphalt, wood, and metal fragments. Very loose to loose materials were also 

encountered in Borings B-008-0-23, B-009-0-23 and B-010-0-23 beginning at depths of 

approximately 11 feet to 13 feet below the existing ground surface, and extending to a depth of 

18.5 feet (El. 749.6) in B-008-0-23 along southbound SR 4 to an increased depth of 23 feet (El. 

740) in B-010-0-23 to the south on Ramp K. The thicknesses of the refuse material range from 

approximately 3 feet to 18.5 feet. Layer elevations are presented in Table 3-3.  

Native granular soils were encountered beneath the refuse material. The medium dense to very 

dense soils consisted of predominantly Gravel (A-1-a), Gravel with Sand (A-1-b), Gravel with 

Sand and Silt (A-2-4), and Sandy Silt (A-4a) with Coarse and Fine Sand (A-3a) encountered to a 

lesser extent. The native soils were encountered at depths ranging from 33.5 feet to 50 feet below 

existing grade (El. 757.2 to El. 738.0) and extended to the boring termination depth in each of the 

borings except at B-008-0-23 and B-009-0-23. These borings encountered a layer of glacial till 

consisting of stiff to hard cohesive Sandy Silt (A-4a) at depths of 40 feet (El. 728.1) and 36 feet 

(El. 728.2), respectively, until reaching their termination depths.  

Free water was encountered in several of the borings during drilling within the native granular 

layer. A summary of the locations and elevations where water was encountered is provided in 
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Table 4-2 below. In addition, field observations and laboratory testing indicated elevated moisture 

contents within the refuse material in Borings B-003-1-23, B-004-2-23, B-008-0-32, and B-009-0-

23 from approximately El. 755 to El. 744, with laboratory test moisture contents ranging from 

approximately 23 percent to 47 percent. Water was also added in some bore holes to assist in 

drilling through the denser soils (B-001-1-23, B-002-1-23, B-002-2-23) or to mitigate/prevent sand 

heave into the augers due to negative water gradients, which occurred in Borings B-004-1-23, B-

004-2-23, and B-009-0-23. As the borings were sealed immediately upon completion due to their 

locations within the roadway pavement, delayed water readings were not obtained. Groundwater 

levels and possible perched water conditions can vary throughout the year depending on 

precipitation and other seasonal variations. 

Table 4-2: Encountered Groundwater Elevations 

Exploration Number 
Existing Ground Surface 

Elevation (ft) 
Groundwater Depth 

(ft) 

Groundwater Elevation 
(ft) 

B-001-1-23 772.6 -- -- 

B-002-1-23 770.9 -- -- 

B-002-2-23 768.2 -- -- 

B-003-1-23 770.3 33.0 737.3 

B-004-1-23 768.1 31.0 737.1 

B-004-2-23 1 771.5 42.5 729.0 

B-008-0-23 768.1 30.0 738.1 

B-009-0-23 2 764.2 -- -- 

B-010-0-23 763.0 27.0 736.0 

B-011-0-23 761.5 22.5 739.0 

Notes:  
1. B-004-2-23 Groundwater depth estimated based on 1 foot of sand heave at 42.5 feet. Water added to borehole at 

32.5 feet to assist in drilling activities and obscuring true groundwater levels 
2. B-009-0-23: Water and bentonite slurry added to borehole to assist in drilling and prevent sand heave. 

5. ANALYSIS AND RECOMMENDATIONS 

5.1 Discussion 

SR 4 and portions of Ramps J, K, and L within the SR 4/Stanley Avenue interchange were 

constructed in the late 1950’s over what was noted at the time to be both active and abandoned 

dumps. These sections of SR 4 and the ramps have experienced continued settlement and 

pavement deformation throughout the duration of its service life, which is impacting rideability and 

creating unsafe conditions for drivers that encounter these depressions and dips in the pavement. 

Undulations and dips in the vertical profile were readily distinguishable during our site 

reconnaissance from approximately Sta. 87+00 to Sta. 93+00 along the mainline, from about Sta. 

5+00 to Sta. 9+00 along Ramp K, and from roughly Sta. 2+50 to Sta. 5+00 on Ramp L. Survey 

information as presented in Appendix F indicates these limits extend slightly farther, from 

approximately Sta. 85+00 to Sta. 95+00 along SR 4, from about Sta. 3+50 to Sta. 10+00 on Ramp 
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K, and from roughly Sta. 0+50 to Sta. 5+50 on Ramp L. Settlement, which was not visually evident, 

is also occurring along Ramp J from approximately Sta. 2+25 to Sta. 3+75.  

Review of the MOT-4-19.73 construction plans (ODOT, 1958) indicates that the limits of active 

and abandoned dumps that were compacted and buried roughly correspond to these areas. 

However, they appear to extend beyond these areas to both the south and west. Along the 

mainline, what is designated as an abandoned dump extends to roughly Sta. 96+10. Along Ramp 

J and Ramp K, the limits of an active dump extended to about Sta. 4+50 and to Sta. 10+25, 

respectively. The dump or refuse material as encountered within these limits in the 2023 borings 

generally consisted of intermittently-observed construction debris (brick, glass, asphalt, wood, 

metal items) dispersed within a gravel with sand and silt soil matrix. No voids or observed discrete 

pockets of construction debris or other landfill material were encountered. 

The historic borings drilled in 1958 note that the refuse consisted of random materials (gravel, 

ashes, cans, glass, rubber, rags, tires, bottles, and tin.) These materials were to be compacted 

with a 50-ton pneumatic tired roller according to the MOT-4-19.73 construction plans, with 

granular material used to aid in leveling the area during the compaction process. This description 

helps to explain the condition of the refuse material as encountered in the 2023 borings, along 

with that in historic Boring B-001-0-16. 

The type, quantity, and thickness of the refuse material varied across the site, along with the 

depth of the refuse material from the existing road surface, which makes the differential settlement 

that has occurred as a result of degradation and compression of the refuse material difficult to 

predict. To more fully mitigate the effects of this differential settlement occurring along SR 4 and 

Ramps J, K, and L would require: 

• the use of rigid inclusions to transfer the overlying embankment and traffic loading below 

the refuse material to the underlying native soils, 

• the improvement of the refuse material using a deep cement grout injection program to 

compact and strengthen the refuse, or  

• the removal of the underlying refuse material.  

However, these alternatives were determined to be impractical given the depth, thickness, and 

limits of the refuse material, together with the environmental impacts of exposing/interacting with 

the refuse, and the cost effectiveness of these options. As such, it was decided to construct a 

geogrid-reinforced soil mat to create a more uniform and interconnected subgrade, help bridge 

the underlying layer of refuse material, and aid in reducing the noticeable effects of the differential 

settlement.  

The advantages of a geogrid-reinforced soil mat are it allows for part-width construction, which 

could minimize traffic impacts within the interchange, limits the potential to encounter and expose 

the refuse material and construction debris to those areas near the northeastern edges of the 

abandoned dump where refuse material was encountered at a relatively shallow depth, and allows 

for reuse of the existing on-site granular embankment material. However, as this improvement 

does not augment or densify the layer of refuse and construction debris, there is a potential the 

embankment will continue to settle due to degradation and compression of the refuse material.  



Chagrin Valley Engineering, LTD | MOT-4-19.30
Final Roadway Exploration Report

 

hdrinc.com 9999 Carver Road, Suite 210 Blue Ash, OH  45242-5583 
(513) 984-7500  

13 

 

5.1.1 Undercut and Replacement with Geogrid-Reinforced Soil Mat 

Construction of the geogrid-reinforced soil mat involves the removal of the existing pavement 

system, undercutting the existing granular subgrade materials, and replacing the material with 

granular embankment material with interbedded layers of geogrid. From discussions with 

representatives of Tensar Corporation (Tensar), a global ground stabilization and soil 

reinforcement provider, the effects of the differential settlement occurring along the mainline and 

associated ramps may be greatly diminished by undercutting the existing subgrade to a depth of 

36 inches below the bottom of the proposed pavement system and installing a minimum of three 

layers of Tensar InterAxTM geogrid. The first or lowest layer is to consist of a layer of NX850-FG 

(FG stands for FilterGrid™, a composite geosynthetic consisting of a NX850 geogrid bonded to a 

nonwoven geotextile) placed along the bottom of the 36-inch undercut. This composite 

geosynthetic is recommended to provide not only the needed stabilization and confinement to 

restrict movement, but also to provide separation between the geogrid-reinforced soil mat and the 

underlying soils and prevent the migration of fines into the backfill. Prior to placement of this initial 

geogrid layer, the bottom of the 36-inch undercut should be compacted according to CMS 204.03 

and pass a proof roll per CMS 204.06 to create a solid platform to construct the geogrid-reinforced 

soil mat upon. Barring the discovery of the existing pavement thickness exceeding 36 inches or 

encountering refuse material at the bottom of the undercut in localized areas, the proposed bottom 

elevation of the geogrid-reinforced soil mat will be the maximum depth of the undercut in most 

cases. Only additional reworking and recompaction of the encountered soils at the bottom of the 

excavation is anticipated should they fail to pass the proof-roll. A second, middle layer of geogrid 

consisting of NX850 geogrid is to be placed at 24 inches below the bottom of the pavement 

system, and a third, upper layer of NX850 is to be placed at 12 inches below the proposed bottom 

of the pavement system.  

The backfill material for the 36-inch undercut is to consist of the on-site embankment materials 

which classify as a gravel (A-1-a) or gravel with sand (A-1-b). These gravels are generally well-

graded with fine contents of less than 15%, as shown on the boring logs in Appendix D and 

highlighted on the lab sheet provided in Appendix F. However, additional suitable off-site materials 

may be necessary to achieve the proposed subgrade elevation. These off-site borrow materials 

are to meet the requirement of ODOT Item 703.16 Type B Granular material, with a fines content 

of less than 15% passing the No. 200 sieve. A minimum loose lift thickness of 6 inches of 

aggregate or backfill materials is to be placed prior to the operation of tracked vehicles over the 

geogrid, and each lift compacted per the compaction requirements as presented in CMS Item 

204.03. 
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The recommended limits for the undercut and replacement (geotechnical improvements) are 

summarized in Table 5-1 below and on the Paving and Geotechnical Limits plan (Exhibit No. 9).  

Table 5-1: Estimated Geotechnical Improvement Limits1 

Alignment 
Beginning 

Station 

Ending  

Station 

Pavement  

Section  

Width 

(ft) 2 

Anticipated 

Improvement 

Section 

Width 

(ft) 3,4 

Estimated 

Improvement 

Area 

(sq. ft.) 4 

Northbound SR 4 85+25 96+75 40 50 57,500 

Southbound SR 4 5 85+25 91+00 40 50 29,000 

Southbound SR 4 6 91+00 96+75 50 60 34,500 

Ramp J 0+50 4+50 27 37 15,000 

Ramp K 3+75 10+25 27 37 24,000 

Ramp L 2+00 6+00 27 37 15,000 

 TOTAL 175,000 

Notes:  
1. The limits of the geotechnical improvements do not include MOT or new pavement/overlays that may extend beyond 

this work as part of the overall roadway improvement project. 
2. Includes paved travel lanes and shoulders.  
3. Assumes an additional 5 feet to the left and right of the paved areas. 
4. Approximated and rounded to the nearest 500 sq ft. 
5. 2-lane alignment east of Ramp L Exit 
6. 3-lane alignment approaching Ramp L Exit 

 

These improvements are to extend at least 5 feet beyond the outside edge of the paved shoulders 

given the depth of the undercut and the assumed thickness of the pavement section. 

5.1.2 Potential Voids 

As previously discussed, the construction of a geogrid-reinforced soil mat will provide a more 

uniform and interconnected support system for the overlying pavement system while helping to 

reduce or alleviate the noticeable effects of the differential settlement. This additional support is 

achieved based on the principle of the InterAxTM geogrid serving to interlock the aggregates 

between the geogrid layers such that the aggregate is considered to be fully confined. However, 

this improvement does not mitigate the source of the settlement that is occurring at the site, and 

the underlying embankment material may continue to settle. Should this occur, the geogrid-

reinforced soil mat will aid in supporting the pavement by redistributing the loading and straddling 

future areas of settlement. However, there is the potential for a void to develop between the 

underlying embankment fill and the geogrid mat. As such, supplemental analyses were performed 

to estimate the tolerable size of a potential void due to possible continued embankment 

settlement. References regarding the use of geogrid mats to span voids and sinkholes are listed 

in this report with excerpts from these references provided in Appendix F. 

The InterAxTM geogrids, along with its predecessor the TriAx® geogrids, work under the principal 

of increasing the modulus of the aggregate layer through confinement of the aggregate. This 

concept of an increased modulus of the aggregate layer was not considered in the available 
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technical resources and references regarding the use of geogrid mats to span over voids. Rather, 

these resources incorporate the tensile strength of the geogrid into their formulas. This tensile 

strength is not readily available for the InterAxTM geogrids based on Tensar’s more modulus-

based approach on their latest geogrid products. However, the tensile strength is still noted on 

the data sheet for the TriAx® geogrids. As such, the analyses were performed using the 

parameters provided for the Triax® geogrid to gain general insight into the overall performance of 

the proposed geogrid-reinforced soil mat should a void occur under SR 4 or one of its associated 

ramps at the Stanley Avenue interchange due to continued settlement. Based on the analyses 

included in Appendix F, the geogrid mat may withstand an infinitely long void with a width of 

approximately 5 feet or a circular void that is approximately 10 feet in diameter. 

5.1.3 Subgrade Strength 

An estimate of the subgrade strength was developed considering the expected backfill material 

for the geogrid-reinforced soil mat utilizing available grain sizes collected within or near the upper 

6 feet of the recent test borings, the historic DCP logs and test data, and published correlations. 

Based on this available information, a design CBR of 20 is recommended. This is equivalent to a 

subgrade resilient modulus (MR) of 24,000 psi.  

5.1.4 Constructability 

Maintenance of traffic is a concern, particularly with regards to ramp access, as excavations of 

approximately 5 feet below the existing pavement grade are required. With a predominantly 

granular profile, this will require the use of non-vertical slopes for sidewall stability and to maintain 

the limits of the excavation, or the installation of temporary shoring should clear space from an 

obstruction or running traffic be an issue. To eliminate this concern, we understand the MOT 

scheme will temporarily close Ramps J, K, and L. 

5.2 Recommendations 
SR 4 and portions of Ramps J, K, and L within the SR 4/Stanley Avenue interchange were 

constructed in the late 1950s over what was noted at the time to be both active and abandoned 

dumps. Today, both the mainline and ramps within the project area have experienced continued 

settlement and pavement deformation as a result of compression and degradation of the 

underlying refuse material, which is impacting rideability and creating unsafe conditions for drivers 

that encounter these depressions and dips in the pavement. As such, it was decided that a 

geogrid-reinforced soil mat be constructed to create a more uniform and interconnected subgrade, 

help bridge the refuse material, and aid in reducing the noticeable effects of the differential 

settlement. However, as the geogrid mat does not improve or densify the layer of refuse and 

construction debris, there is a potential the embankment continues to settle.  

5.2.1 Geogrid-Reinforced Soil Mat 

- Install the geogrid reinforced soil mat within the geotechnical limits as shown on Exhibit 

9 and in the Geotechnical Plan and Profile sheets in Appendix E. These limits generally 

extend 5 feet beyond the edge of the proposed pavement.  

 

- Undercut the existing subgrade to a depth of 36 inches below the bottom of the proposed 

pavement. Compact the bottom of the bottom of the undercut in accordance with CMS 
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204.03 and perform a proof roll per CMS 204.06 to create a solid platform to construct the 

geogrid-reinforced soil mat upon. 

 

- Install three layers of Tensar InterAxTM geogrid with the undercut: A layer of Tensar 

NX850-FG along the bottom of the 36-inch undercut and two layers of NX850 geogrid, 

one at 24 inches below the bottom of the pavement system, and the second at 12 inches 

below the proposed bottom of the pavement system. 

 

- Drain the geogrid reinforced soil mat to an underdrain, catch basin, or pipe. 

 

- Include the plan note “ITEM 204 – GEOGRID (AS PER PLAN)”  provided in Appendix G 

in the general notes. 

5.2.1.1 GRANULAR BACKFILL MATERIALS 

- The granular backfill materials to be utilized within the geogrid-reinforced soil mat are to 

consist of Item 204 granular embankment material as per plan. (See the plan note in 

Appendix G.) Include this note in the general notes. 

 

- The granular backfill materials to be utilized within the geogrid-reinforced soil mat are to 

consist of the existing on-site embankment materials meeting the Department Group 

Classifications A-1-a and A-1-b, with the maximum grain size being less than 3 inches and 

the fines contents (passing the No. 200 sieve) no more than 15%.  

 

- If additional granular backfill material is necessary to meet the planned subgrade 

elevation, materials conforming to ODOT Item 703.16 Type B Granular material is 

acceptable provided the fines contents does not exceed 15%. 

5.2.2 Pavement Design 

- A CBR of 20 and a subgrade resilient modulus (Mr) of 24,000 psi is recommended for 

pavement design. 

6. LIMITATIONS 
This geotechnical report documents the findings of HDR Engineering, Inc., for the geotechnical 

aspects related to the MOT-4-19.30 roadway improvement project in Dayton, Ohio. The report 

has been prepared for use by Chagrin Valley Engineering and the Ohio Department of 

Transportation for specific application to the project, in accordance with generally accepted 

engineering practice. No warranty, expressed or implied, is made. Any analyses or 

recommendations submitted are based on the field explorations performed at the locations 

indicated, on specific laboratory tests on individual samples taken during the exploration, and 

information obtained from outside sources. The geotechnical report and findings do not reflect 

variations that could occur between exploration locations or at other points in time. Variations in 

conditions, if any, may become evident during the construction period, at which time, a re-

evaluation of any recommendations may become necessary. In the event of such changes, the 

recommendations and changes should be reviewed by HDR’s geotechnical staff.  
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Ohio Division of Geological Survey, 1998 

Physiographic Regions of Ohio,  

Ohio Dept. of Natural Resources, Division of Geological Survey 
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• Title: Reconnaissance bedrock geology of the Dayton North, Ohio, quadrangle 

• Author(s): Swinford, E.M. 

• Publishing Organiza�on: Ohio Division of Geological Survey 

• Series and Number: Digital Map Series BG-2 Dayton North (supersedes Open-File Map version) 

• Publica�on Date: 1994 
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• Title: Bedrock topography of the Dayton North, Ohio, quadrangle 

• Author(s): Leow, J.A., and Brockman, C.S. 

• Publishing Organiza�on: Ohio Division of Geological Survey 

• Series and Number: Digital Map Series BT-3B Dayton North (supersedes Open-File Map version) 

• Publica�on Date: 1994 
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Appendix B. Historic Information 
 

MOT-4-19.73 (ODOT, 1958) – Historic Soil Profile Sheets 

MOT-4-19.30 (Advanced Materials, 2016) – DCP 

MOT-4-19.30 (ODOT 2016) – Exploratory Borings 

MOT-4-19.30 (ODOT, 2021) - DCP 

MOT-4-19.73 (ODOT, 1958) – Construction Drawings 

MOT-4-19.14 (ODOT, 2003) – Construction Drawings 
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MOT-4-19.73 (ODOT, 1958) – Historic Soil Profile Sheets 
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MOT-4-19.30 (Advanced Materials, 2016) – DCP 

  



1

Grilliot, Daniel

Subject: FW: D7 MOT SR4 DCP Data

Attachments: D7 MOT SR4 DCP1.pdf; D7 MOT SR4 DCP2.pdf; D7 MOT SR4 DCP3.pdf; D7 MOT SR4 

DCP4.pdf; D7 MOT SR4 DCP5.pdf; D7 MOT SR4 DCP6.pdf; D7 MOT SR4 DCP7.pdf; D7 

MOT SR4 DCP8.pdf; D7 MOT SR4 DCP9.pdf

From: Eilerman, Lee  

Sent: Monday, December 12, 2016 8:57 AM 

To: Grilliot, Daniel <Daniel.Grilliot@dot.ohio.gov> 

Subject: FW: D7 MOT SR4 DCP Data 

 

 

 

From: Joe Kindler [mailto:joe@amllc.org]  

Sent: Friday, December 09, 2016 4:38 PM 

To: Eilerman, Lee <Lee.Eilerman@dot.ohio.gov> 

Subject: D7 MOT SR4 DCP Data 

 

 

 

 

Respectfully, 
 
Joe Kindler 
Advanced Materials, LLC 
P.O. Box 3414 | Dublin, OH 43016 



2

614-561-6440 
800-423-8451 FAX 
joe@amllc.org | www.amllc.org 
 
 
The information contained herein, including any attachments, is proprietary and confidential and is intended for the exclusive use of the addressee.  It also may 
contain privileged information and/or personal information subject to privacy legislation.  The authorized addressee of this information, by its retention and 
use, agrees to protect the information contained herein from loss, theft, or compromise with at least the same care it employs to protect its own confidential 
information.  Any dissemination or use of this information by a person other than the intended recipient is unauthorized and may be illegal.  If you have received 
this e-mail in error, please notify the sender immediately by reply e-mail and destroy all copies. 

 



County
State

Roadway

Penetrometer test # Date Data Recorder
Other Information

in ft cm Pre Post in ft cm Pre Post
depth depth depth Blows Blows depth depth depth Blows Blows
3.94 0.33 10 0.2 10 200.79 16.73 510  10  
7.87 0.66 20 0.2 10 204.72 17.06 520  10  
11.81 0.98 30 0.2 10 208.66 17.38 530  10  
15.75 1.31 40 3.2 10 212.60 17.71 540  10  
19.69 1.64 50 7 10 216.54 18.04 550  10  
23.62 1.97 60 7 10 220.47 18.37 560  10  
27.56 2.30 70 2 10 224.41 18.70 570  10  
31.50 2.62 80 7 10 228.35 19.02 580  10  
35.43 2.95 90 22 10 232.28 19.35 590  10  
39.37 3.28 100 31 10 236.22 19.68 600  10  
43.31 3.61 110 15 10 240.16 20.01 610  10  
47.24 3.94 120 85 10 244.09 20.34 620  10  
51.18 4.26 130 109 10 248.03 20.66 630  10  
55.12 4.59 140 109 10 251.97 20.99 640  10  
59.06 4.92 150 48 10 255.91 21.32 650  10  
62.99 5.25 160 21 10 259.84 21.65 660  10  
66.93 5.58 170 14 10 263.78 21.98 670  10  
70.87 5.90 180 72 10 267.72 22.30 680  10  
74.80 6.23 190 200 10 271.65 22.63 690  10  
78.74 6.56 200 10 275.59 22.96 700  10  
82.68 6.89 210 10 279.53 23.29 710  10  
86.61 7.22 220 10 283.46 23.62 720  10  
90.55 7.54 230 10 287.40 23.94 730  10  
94.49 7.87 240 10 291.34 24.27 740  10  
98.43 8.20 250 10 295.28 24.60 750  10  
102.36 8.53 260 10 299.21 24.93 760  10  
106.30 8.86 270 10 303.15 25.26 770  10  
110.24 9.18 280 10 307.09 25.58 780  10  
114.17 9.51 290 10 311.02 25.91 790  10  
118.11 9.84 300 10 314.96 26.24 800  10  
122.05 10.17 310 10 318.90 26.57 810   
125.98 10.50 320 10 322.83 26.90 820   
129.92 10.82 330 10 326.77 27.22 830   
133.86 11.15 340 10 330.71 27.55 840   
137.80 11.48 350 10 334.65 27.88 850   
141.73 11.81 360 10 338.58 28.21 860   
145.67 12.14 370 10 342.52 28.54 870   
149.61 12.46 380 10 346.46 28.86 880   
153.54 12.79 390 10 350.39 29.19 890   
157.48 13.12 400 10 354.33 29.52 900   
161.42 13.45 410 10 358.27 29.85 910   
165.35 13.78 420 10 362.20 30.18 920   
169.29 14.10 430 10 366.14 30.50 930   
173.23 14.43 440 10 370.08 30.83 940   
177.17 14.76 450 10 374.02 31.16 950   
181.10 15.09 460 10 377.95 31.49 960   
185.04 15.42 470 10 381.89 31.82 970   
188.98 15.74 480 10 385.83 32.14 980   
192.91 16.07 490 10 389.76 32.47 990   
196.85 16.40 500 10 393.70 32.80 1000   

Pavement Material
Pavement Thickness

Base Material
Base Thickness

SubBase material
Penetrometer  Operators

Start  Time
Finish  Time

ODOT 7 SR4 North bound Ramp Right Berm Outside Gaurdrail
11/17/16

SubBase Thickness

Dynamic Cone Penetrometer Log Sheet
Location  Information
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Redesignated D-001-0-16
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County
State

Roadway

Penetrometer test # Date Data Recorder
Other Information

in ft cm Pre Post in ft cm Pre Post
depth depth depth Blows Blows depth depth depth Blows Blows
3.94 0.33 10 0.2 10 200.79 16.73 510  10  
7.87 0.66 20 0.2 10 204.72 17.06 520  10  
11.81 0.98 30 0.2 10 208.66 17.38 530  10  
15.75 1.31 40 6 10 212.60 17.71 540  10  
19.69 1.64 50 10 10 216.54 18.04 550  10  
23.62 1.97 60 7 10 220.47 18.37 560  10  
27.56 2.30 70 5 10 224.41 18.70 570  10  
31.50 2.62 80 8 10 228.35 19.02 580  10  
35.43 2.95 90 19 10 232.28 19.35 590  10  
39.37 3.28 100 26 10 236.22 19.68 600  10  
43.31 3.61 110 25 10 240.16 20.01 610  10  
47.24 3.94 120 34 10 244.09 20.34 620  10  
51.18 4.26 130 46 10 248.03 20.66 630  10  
55.12 4.59 140 67 10 251.97 20.99 640  10  
59.06 4.92 150 31 10 255.91 21.32 650  10  
62.99 5.25 160 26 10 259.84 21.65 660  10  
66.93 5.58 170 28 10 263.78 21.98 670  10  
70.87 5.90 180 14 10 267.72 22.30 680  10  
74.80 6.23 190 38 10 271.65 22.63 690  10  
78.74 6.56 200 29 10 275.59 22.96 700  10  
82.68 6.89 210 22 10 279.53 23.29 710  10  
86.61 7.22 220 21 10 283.46 23.62 720  10  
90.55 7.54 230 36 10 287.40 23.94 730  10  
94.49 7.87 240 28 10 291.34 24.27 740  10  
98.43 8.20 250 21 10 295.28 24.60 750  10  
102.36 8.53 260 41 10 299.21 24.93 760  10  
106.30 8.86 270 67 10 303.15 25.26 770  10  
110.24 9.18 280 65 10 307.09 25.58 780  10  
114.17 9.51 290 97 10 311.02 25.91 790  10  
118.11 9.84 300 150 10 314.96 26.24 800  10  
122.05 10.17 310 10 318.90 26.57 810   
125.98 10.50 320 10 322.83 26.90 820   
129.92 10.82 330 10 326.77 27.22 830   
133.86 11.15 340 10 330.71 27.55 840   
137.80 11.48 350 10 334.65 27.88 850   
141.73 11.81 360 10 338.58 28.21 860   
145.67 12.14 370 10 342.52 28.54 870   
149.61 12.46 380 10 346.46 28.86 880   
153.54 12.79 390 10 350.39 29.19 890   
157.48 13.12 400 10 354.33 29.52 900   
161.42 13.45 410 10 358.27 29.85 910   
165.35 13.78 420 10 362.20 30.18 920   
169.29 14.10 430 10 366.14 30.50 930   
173.23 14.43 440 10 370.08 30.83 940   
177.17 14.76 450 10 374.02 31.16 950   
181.10 15.09 460 10 377.95 31.49 960   
185.04 15.42 470 10 381.89 31.82 970   
188.98 15.74 480 10 385.83 32.14 980   
192.91 16.07 490 10 389.76 32.47 990   
196.85 16.40 500 10 393.70 32.80 1000   

Pavement Material
Pavement Thickness

Base Material
Base Thickness

SubBase material
Penetrometer  Operators

Start  Time
Finish  Time

ODOT 7 SR4 North Bound Right Berm 5' off Pavement Edge Light Post 3F5
11/18/16

SubBase Thickness

Dynamic Cone Penetrometer Log Sheet
Location  Information
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DCP 2
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Roadway
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Penetrometer test # Date 11/18/16 Data Recorder
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County
State

Roadway

Penetrometer test # Date Data Recorder
Other Information

in ft cm Pre Post in ft cm Pre Post
depth depth depth Blows Blows depth depth depth Blows Blows
3.94 0.33 10 0.2 10 200.79 16.73 510  10  
7.87 0.66 20 0.2 10 204.72 17.06 520  10  
11.81 0.98 30 0.2 10 208.66 17.38 530  10  
15.75 1.31 40 0.2 10 212.60 17.71 540  10  
19.69 1.64 50 17 10 216.54 18.04 550  10  
23.62 1.97 60 34 10 220.47 18.37 560  10  
27.56 2.30 70 55 10 224.41 18.70 570  10  
31.50 2.62 80 89 10 228.35 19.02 580  10  
35.43 2.95 90 77 10 232.28 19.35 590  10  
39.37 3.28 100 59 10 236.22 19.68 600  10  
43.31 3.61 110 111 10 240.16 20.01 610  10  
47.24 3.94 120 88 10 244.09 20.34 620  10  
51.18 4.26 130 43 10 248.03 20.66 630  10  
55.12 4.59 140 46 10 251.97 20.99 640  10  
59.06 4.92 150 58 10 255.91 21.32 650  10  
62.99 5.25 160 75 10 259.84 21.65 660  10  
66.93 5.58 170 91 10 263.78 21.98 670  10  
70.87 5.90 180 67 10 267.72 22.30 680  10  
74.80 6.23 190 39 10 271.65 22.63 690  10  
78.74 6.56 200 145 10 275.59 22.96 700  10  
82.68 6.89 210 84 10 279.53 23.29 710  10  
86.61 7.22 220 133 10 283.46 23.62 720  10  
90.55 7.54 230 150 10 287.40 23.94 730  10  
94.49 7.87 240 10 291.34 24.27 740  10  
98.43 8.20 250 10 295.28 24.60 750  10  
102.36 8.53 260 10 299.21 24.93 760  10  
106.30 8.86 270 10 303.15 25.26 770  10  
110.24 9.18 280 10 307.09 25.58 780  10  
114.17 9.51 290 10 311.02 25.91 790  10  
118.11 9.84 300 10 314.96 26.24 800  10  
122.05 10.17 310 10 318.90 26.57 810   
125.98 10.50 320 10 322.83 26.90 820   
129.92 10.82 330 10 326.77 27.22 830   
133.86 11.15 340 10 330.71 27.55 840   
137.80 11.48 350 10 334.65 27.88 850   
141.73 11.81 360 10 338.58 28.21 860   
145.67 12.14 370 10 342.52 28.54 870   
149.61 12.46 380 10 346.46 28.86 880   
153.54 12.79 390 10 350.39 29.19 890   
157.48 13.12 400 10 354.33 29.52 900   
161.42 13.45 410 10 358.27 29.85 910   
165.35 13.78 420 10 362.20 30.18 920   
169.29 14.10 430 10 366.14 30.50 930   
173.23 14.43 440 10 370.08 30.83 940   
177.17 14.76 450 10 374.02 31.16 950   
181.10 15.09 460 10 377.95 31.49 960   
185.04 15.42 470 10 381.89 31.82 970   
188.98 15.74 480 10 385.83 32.14 980   
192.91 16.07 490 10 389.76 32.47 990   
196.85 16.40 500 10 393.70 32.80 1000   

Dynamic Cone Penetrometer Log Sheet
Location  Information

3

ODOT 7 SR4 North Bound Right Berm 4' off Pavement Edge Between Dips
11/22/16

SubBase Thickness

Penetrometer  Operators
Start  Time
Finish  Time

Pavement Material
Pavement Thickness

Base Material
Base Thickness

SubBase material

DCP 3
Redesignated D-003-0-16



County
State

Roadway
Penetrometer Operators

Start Time
Finish Time

Penetrometer test # Date 11/22/16 Data Recorder
Other Information

Dynamic Cone Penetrometer Log Sheet
Location  Information

  Pavement Material
Pavement Thickness

Base Material
Base Thickness

 

SubBase Thickness   

 
 

 

 
 

ODOT 7 SR4 North Bound Right Berm 4' off Pavement Edge Between Dips

SubBase material
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Penetrometer   Log  Chart

10 Blow Baseline
Pre Injection Penetrometer Test 

Post Injection Penetrometer Test



County
State

Roadway

Penetrometer test # Date Data Recorder
Other Information

in ft cm Pre Post in ft cm Pre Post
depth depth depth Blows Blows depth depth depth Blows Blows
3.94 0.33 10 0.2 10 200.79 16.73 510  10  
7.87 0.66 20 0.2 10 204.72 17.06 520  10  
11.81 0.98 30 0.2 10 208.66 17.38 530  10  
15.75 1.31 40 0.2 10 212.60 17.71 540  10  
19.69 1.64 50 16 10 216.54 18.04 550  10  
23.62 1.97 60 21 10 220.47 18.37 560  10  
27.56 2.30 70 38 10 224.41 18.70 570  10  
31.50 2.62 80 78 10 228.35 19.02 580  10  
35.43 2.95 90 28 10 232.28 19.35 590  10  
39.37 3.28 100 92 10 236.22 19.68 600  10  
43.31 3.61 110 190 10 240.16 20.01 610  10  
47.24 3.94 120 200 10 244.09 20.34 620  10  
51.18 4.26 130 10 248.03 20.66 630  10  
55.12 4.59 140 10 251.97 20.99 640  10  
59.06 4.92 150 10 255.91 21.32 650  10  
62.99 5.25 160 10 259.84 21.65 660  10  
66.93 5.58 170 10 263.78 21.98 670  10  
70.87 5.90 180 10 267.72 22.30 680  10  
74.80 6.23 190 10 271.65 22.63 690  10  
78.74 6.56 200 10 275.59 22.96 700  10  
82.68 6.89 210 10 279.53 23.29 710  10  
86.61 7.22 220 10 283.46 23.62 720  10  
90.55 7.54 230 10 287.40 23.94 730  10  
94.49 7.87 240 10 291.34 24.27 740  10  
98.43 8.20 250 10 295.28 24.60 750  10  
102.36 8.53 260 10 299.21 24.93 760  10  
106.30 8.86 270 10 303.15 25.26 770  10  
110.24 9.18 280 10 307.09 25.58 780  10  
114.17 9.51 290 10 311.02 25.91 790  10  
118.11 9.84 300 10 314.96 26.24 800  10  
122.05 10.17 310 10 318.90 26.57 810   
125.98 10.50 320 10 322.83 26.90 820   
129.92 10.82 330 10 326.77 27.22 830   
133.86 11.15 340 10 330.71 27.55 840   
137.80 11.48 350 10 334.65 27.88 850   
141.73 11.81 360 10 338.58 28.21 860   
145.67 12.14 370 10 342.52 28.54 870   
149.61 12.46 380 10 346.46 28.86 880   
153.54 12.79 390 10 350.39 29.19 890   
157.48 13.12 400 10 354.33 29.52 900   
161.42 13.45 410 10 358.27 29.85 910   
165.35 13.78 420 10 362.20 30.18 920   
169.29 14.10 430 10 366.14 30.50 930   
173.23 14.43 440 10 370.08 30.83 940   
177.17 14.76 450 10 374.02 31.16 950   
181.10 15.09 460 10 377.95 31.49 960   
185.04 15.42 470 10 381.89 31.82 970   
188.98 15.74 480 10 385.83 32.14 980   
192.91 16.07 490 10 389.76 32.47 990   
196.85 16.40 500 10 393.70 32.80 1000   

Dynamic Cone Penetrometer Log Sheet
Location  Information

4

ODOT 7 SR4 North Bound Right Berm 4' off Pavement Edge Light Pole EF6
11/22/16

SubBase Thickness

Penetrometer  Operators
Start  Time
Finish  Time

Pavement Material
Pavement Thickness

Base Material
Base Thickness

SubBase material

DCP 4
Redesignated D-004-0-16



County
State

Roadway
Penetrometer Operators

Start Time
Finish Time

Penetrometer test # Date 11/22/16 Data Recorder
Other Information

Dynamic Cone Penetrometer Log Sheet
Location  Information

  Pavement Material
Pavement Thickness

Base Material
Base Thickness

 

SubBase Thickness   

 
 

 

 
 

ODOT 7 SR4 North Bound Right Berm 4' off Pavement Edge Light Pole EF6

SubBase material
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Penetrometer   Log  Chart

10 Blow Baseline
Pre Injection Penetrometer Test 

Post Injection Penetrometer Test



County
State

Roadway

Penetrometer test # Date Data Recorder
Other Information

in ft cm Pre Post in ft cm Pre Post
depth depth depth Blows Blows depth depth depth Blows Blows
3.94 0.33 10 0.2 10 200.79 16.73 510  10  
7.87 0.66 20 0.2 10 204.72 17.06 520  10  
11.81 0.98 30 0.2 10 208.66 17.38 530  10  
15.75 1.31 40 25 10 212.60 17.71 540  10  
19.69 1.64 50 44 10 216.54 18.04 550  10  
23.62 1.97 60 51 10 220.47 18.37 560  10  
27.56 2.30 70 21 10 224.41 18.70 570  10  
31.50 2.62 80 14 10 228.35 19.02 580  10  
35.43 2.95 90 38 10 232.28 19.35 590  10  
39.37 3.28 100 59 10 236.22 19.68 600  10  
43.31 3.61 110 31 10 240.16 20.01 610  10  
47.24 3.94 120 33 10 244.09 20.34 620  10  
51.18 4.26 130 34 10 248.03 20.66 630  10  
55.12 4.59 140 32 10 251.97 20.99 640  10  
59.06 4.92 150 29 10 255.91 21.32 650  10  
62.99 5.25 160 32 10 259.84 21.65 660  10  
66.93 5.58 170 90 10 263.78 21.98 670  10  
70.87 5.90 180 91 10 267.72 22.30 680  10  
74.80 6.23 190 88 10 271.65 22.63 690  10  
78.74 6.56 200 200 10 275.59 22.96 700  10  
82.68 6.89 210 10 279.53 23.29 710  10  
86.61 7.22 220 10 283.46 23.62 720  10  
90.55 7.54 230 10 287.40 23.94 730  10  
94.49 7.87 240 10 291.34 24.27 740  10  
98.43 8.20 250 10 295.28 24.60 750  10  
102.36 8.53 260 10 299.21 24.93 760  10  
106.30 8.86 270 10 303.15 25.26 770  10  
110.24 9.18 280 10 307.09 25.58 780  10  
114.17 9.51 290 10 311.02 25.91 790  10  
118.11 9.84 300 10 314.96 26.24 800  10  
122.05 10.17 310 10 318.90 26.57 810   
125.98 10.50 320 10 322.83 26.90 820   
129.92 10.82 330 10 326.77 27.22 830   
133.86 11.15 340 10 330.71 27.55 840   
137.80 11.48 350 10 334.65 27.88 850   
141.73 11.81 360 10 338.58 28.21 860   
145.67 12.14 370 10 342.52 28.54 870   
149.61 12.46 380 10 346.46 28.86 880   
153.54 12.79 390 10 350.39 29.19 890   
157.48 13.12 400 10 354.33 29.52 900   
161.42 13.45 410 10 358.27 29.85 910   
165.35 13.78 420 10 362.20 30.18 920   
169.29 14.10 430 10 366.14 30.50 930   
173.23 14.43 440 10 370.08 30.83 940   
177.17 14.76 450 10 374.02 31.16 950   
181.10 15.09 460 10 377.95 31.49 960   
185.04 15.42 470 10 381.89 31.82 970   
188.98 15.74 480 10 385.83 32.14 980   
192.91 16.07 490 10 389.76 32.47 990   
196.85 16.40 500 10 393.70 32.80 1000   

Dynamic Cone Penetrometer Log Sheet
Location  Information

5

ODOT 7 SR4 North Bound Right Berm 4' off Pavement Edge North Dip
11/22/16

SubBase Thickness

Penetrometer  Operators
Start  Time
Finish  Time

Pavement Material
Pavement Thickness

Base Material
Base Thickness

SubBase material

DCP 5
Redesignated D-005-0-16



County
State

Roadway
Penetrometer Operators

Start Time
Finish Time

Penetrometer test # Date 11/22/16 Data Recorder
Other Information

Dynamic Cone Penetrometer Log Sheet
Location  Information

  Pavement Material
Pavement Thickness

Base Material
Base Thickness

 

SubBase Thickness   

 
 

 

 
 

ODOT 7 SR4 North Bound Right Berm 4' off Pavement Edge North Dip

SubBase material
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10 Blow Baseline
Pre Injection Penetrometer Test 

Post Injection Penetrometer Test



County
State

Roadway

Penetrometer test # Date Data Recorder
Other Information

in ft cm Pre Post in ft cm Pre Post
depth depth depth Blows Blows depth depth depth Blows Blows
3.94 0.33 10 0.2 10 200.79 16.73 510  10  
7.87 0.66 20 0.2 10 204.72 17.06 520  10  
11.81 0.98 30 0.2 10 208.66 17.38 530  10  
15.75 1.31 40 0.2 10 212.60 17.71 540  10  
19.69 1.64 50 38 10 216.54 18.04 550  10  
23.62 1.97 60 140 10 220.47 18.37 560  10  
27.56 2.30 70 28 10 224.41 18.70 570  10  
31.50 2.62 80 41 10 228.35 19.02 580  10  
35.43 2.95 90 36 10 232.28 19.35 590  10  
39.37 3.28 100 109 10 236.22 19.68 600  10  
43.31 3.61 110 127 10 240.16 20.01 610  10  
47.24 3.94 120 200 10 244.09 20.34 620  10  
51.18 4.26 130 10 248.03 20.66 630  10  
55.12 4.59 140 10 251.97 20.99 640  10  
59.06 4.92 150 10 255.91 21.32 650  10  
62.99 5.25 160 10 259.84 21.65 660  10  
66.93 5.58 170 10 263.78 21.98 670  10  
70.87 5.90 180 10 267.72 22.30 680  10  
74.80 6.23 190 10 271.65 22.63 690  10  
78.74 6.56 200 10 275.59 22.96 700  10  
82.68 6.89 210 10 279.53 23.29 710  10  
86.61 7.22 220 10 283.46 23.62 720  10  
90.55 7.54 230 10 287.40 23.94 730  10  
94.49 7.87 240 10 291.34 24.27 740  10  
98.43 8.20 250 10 295.28 24.60 750  10  
102.36 8.53 260 10 299.21 24.93 760  10  
106.30 8.86 270 10 303.15 25.26 770  10  
110.24 9.18 280 10 307.09 25.58 780  10  
114.17 9.51 290 10 311.02 25.91 790  10  
118.11 9.84 300 10 314.96 26.24 800  10  
122.05 10.17 310 10 318.90 26.57 810   
125.98 10.50 320 10 322.83 26.90 820   
129.92 10.82 330 10 326.77 27.22 830   
133.86 11.15 340 10 330.71 27.55 840   
137.80 11.48 350 10 334.65 27.88 850   
141.73 11.81 360 10 338.58 28.21 860   
145.67 12.14 370 10 342.52 28.54 870   
149.61 12.46 380 10 346.46 28.86 880   
153.54 12.79 390 10 350.39 29.19 890   
157.48 13.12 400 10 354.33 29.52 900   
161.42 13.45 410 10 358.27 29.85 910   
165.35 13.78 420 10 362.20 30.18 920   
169.29 14.10 430 10 366.14 30.50 930   
173.23 14.43 440 10 370.08 30.83 940   
177.17 14.76 450 10 374.02 31.16 950   
181.10 15.09 460 10 377.95 31.49 960   
185.04 15.42 470 10 381.89 31.82 970   
188.98 15.74 480 10 385.83 32.14 980   
192.91 16.07 490 10 389.76 32.47 990   
196.85 16.40 500 10 393.70 32.80 1000   

Dynamic Cone Penetrometer Log Sheet
Location  Information

6

ODOT 7 SR4 North Bound Right Berm 4' off Pavement Edge Past North Dip
11/22/16

SubBase Thickness

Penetrometer  Operators
Start  Time
Finish  Time

Pavement Material
Pavement Thickness

Base Material
Base Thickness

SubBase material

DCP 6
Redesignated D-006-0-16



County
State

Roadway
Penetrometer Operators

Start Time
Finish Time

Penetrometer test # Date 11/22/16 Data Recorder
Other Information

Dynamic Cone Penetrometer Log Sheet
Location  Information

  Pavement Material
Pavement Thickness

Base Material
Base Thickness

 

SubBase Thickness   

 
 

 

 
 

ODOT 7 SR4 North Bound Right Berm 4' off Pavement Edge Past North Dip

SubBase material
 
 

 
 

0

50

100

150

200

250

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93 97

B
lo
w
  C
ou
nt

Depth  in  cm  (x10)

Penetrometer   Log  Chart

10 Blow Baseline
Pre Injection Penetrometer Test 

Post Injection Penetrometer Test



County
State

Roadway

Penetrometer test # Date Data Recorder
Other Information

in ft cm Pre Post in ft cm Pre Post
depth depth depth Blows Blows depth depth depth Blows Blows
3.94 0.33 10 0.2 10 200.79 16.73 510  10  
7.87 0.66 20 0.2 10 204.72 17.06 520  10  
11.81 0.98 30 0.2 10 208.66 17.38 530  10  
15.75 1.31 40 0.2 10 212.60 17.71 540  10  
19.69 1.64 50 0.2 10 216.54 18.04 550  10  
23.62 1.97 60 0.2 10 220.47 18.37 560  10  
27.56 2.30 70 0.2 10 224.41 18.70 570  10  
31.50 2.62 80 80 10 228.35 19.02 580  10  
35.43 2.95 90 105 10 232.28 19.35 590  10  
39.37 3.28 100 46 10 236.22 19.68 600  10  
43.31 3.61 110 57 10 240.16 20.01 610  10  
47.24 3.94 120 70 10 244.09 20.34 620  10  
51.18 4.26 130 90 10 248.03 20.66 630  10  
55.12 4.59 140 162 10 251.97 20.99 640  10  
59.06 4.92 150 88 10 255.91 21.32 650  10  
62.99 5.25 160 200 10 259.84 21.65 660  10  
66.93 5.58 170 10 263.78 21.98 670  10  
70.87 5.90 180 10 267.72 22.30 680  10  
74.80 6.23 190 10 271.65 22.63 690  10  
78.74 6.56 200 10 275.59 22.96 700  10  
82.68 6.89 210 10 279.53 23.29 710  10  
86.61 7.22 220 10 283.46 23.62 720  10  
90.55 7.54 230 10 287.40 23.94 730  10  
94.49 7.87 240 10 291.34 24.27 740  10  
98.43 8.20 250 10 295.28 24.60 750  10  
102.36 8.53 260 10 299.21 24.93 760  10  
106.30 8.86 270 10 303.15 25.26 770  10  
110.24 9.18 280 10 307.09 25.58 780  10  
114.17 9.51 290 10 311.02 25.91 790  10  
118.11 9.84 300 10 314.96 26.24 800  10  
122.05 10.17 310 10 318.90 26.57 810   
125.98 10.50 320 10 322.83 26.90 820   
129.92 10.82 330 10 326.77 27.22 830   
133.86 11.15 340 10 330.71 27.55 840   
137.80 11.48 350 10 334.65 27.88 850   
141.73 11.81 360 10 338.58 28.21 860   
145.67 12.14 370 10 342.52 28.54 870   
149.61 12.46 380 10 346.46 28.86 880   
153.54 12.79 390 10 350.39 29.19 890   
157.48 13.12 400 10 354.33 29.52 900   
161.42 13.45 410 10 358.27 29.85 910   
165.35 13.78 420 10 362.20 30.18 920   
169.29 14.10 430 10 366.14 30.50 930   
173.23 14.43 440 10 370.08 30.83 940   
177.17 14.76 450 10 374.02 31.16 950   
181.10 15.09 460 10 377.95 31.49 960   
185.04 15.42 470 10 381.89 31.82 970   
188.98 15.74 480 10 385.83 32.14 980   
192.91 16.07 490 10 389.76 32.47 990   
196.85 16.40 500 10 393.70 32.80 1000   

Dynamic Cone Penetrometer Log Sheet
Location  Information

7

ODOT 7 SR4 South Bound Left Berm 5' off Pavement Edge End of Gaurdrail
11/22/16

SubBase Thickness

Penetrometer  Operators
Start  Time
Finish  Time

Pavement Material
Pavement Thickness

Base Material
Base Thickness

SubBase material

DCP 7
Redesignated D-007-0-16



County
State

Roadway
Penetrometer Operators

Start Time
Finish Time

Penetrometer test # Date 11/22/16 Data Recorder
Other Information

Dynamic Cone Penetrometer Log Sheet
Location  Information

  Pavement Material
Pavement Thickness

Base Material
Base Thickness

 

SubBase Thickness   

 
 

 

 
 

ODOT 7 SR4 South Bound Left Berm 5' off Pavement Edge End of Gaurdrail

SubBase material
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Penetrometer   Log  Chart

10 Blow Baseline
Pre Injection Penetrometer Test 

Post Injection Penetrometer Test



County
State

Roadway

Penetrometer test # Date Data Recorder
Other Information

in ft cm Pre Post in ft cm Pre Post
depth depth depth Blows Blows depth depth depth Blows Blows
3.94 0.33 10 0.2 10 200.79 16.73 510  10  
7.87 0.66 20 0.2 10 204.72 17.06 520  10  
11.81 0.98 30 0.2 10 208.66 17.38 530  10  
15.75 1.31 40 0.2 10 212.60 17.71 540  10  
19.69 1.64 50 0.2 10 216.54 18.04 550  10  
23.62 1.97 60 0.2 10 220.47 18.37 560  10  
27.56 2.30 70 53 10 224.41 18.70 570  10  
31.50 2.62 80 60 10 228.35 19.02 580  10  
35.43 2.95 90 72 10 232.28 19.35 590  10  
39.37 3.28 100 29 10 236.22 19.68 600  10  
43.31 3.61 110 63 10 240.16 20.01 610  10  
47.24 3.94 120 92 10 244.09 20.34 620  10  
51.18 4.26 130 82 10 248.03 20.66 630  10  
55.12 4.59 140 200 10 251.97 20.99 640  10  
59.06 4.92 150 10 255.91 21.32 650  10  
62.99 5.25 160 10 259.84 21.65 660  10  
66.93 5.58 170 10 263.78 21.98 670  10  
70.87 5.90 180 10 267.72 22.30 680  10  
74.80 6.23 190 10 271.65 22.63 690  10  
78.74 6.56 200 10 275.59 22.96 700  10  
82.68 6.89 210 10 279.53 23.29 710  10  
86.61 7.22 220 10 283.46 23.62 720  10  
90.55 7.54 230 10 287.40 23.94 730  10  
94.49 7.87 240 10 291.34 24.27 740  10  
98.43 8.20 250 10 295.28 24.60 750  10  
102.36 8.53 260 10 299.21 24.93 760  10  
106.30 8.86 270 10 303.15 25.26 770  10  
110.24 9.18 280 10 307.09 25.58 780  10  
114.17 9.51 290 10 311.02 25.91 790  10  
118.11 9.84 300 10 314.96 26.24 800  10  
122.05 10.17 310 10 318.90 26.57 810   
125.98 10.50 320 10 322.83 26.90 820   
129.92 10.82 330 10 326.77 27.22 830   
133.86 11.15 340 10 330.71 27.55 840   
137.80 11.48 350 10 334.65 27.88 850   
141.73 11.81 360 10 338.58 28.21 860   
145.67 12.14 370 10 342.52 28.54 870   
149.61 12.46 380 10 346.46 28.86 880   
153.54 12.79 390 10 350.39 29.19 890   
157.48 13.12 400 10 354.33 29.52 900   
161.42 13.45 410 10 358.27 29.85 910   
165.35 13.78 420 10 362.20 30.18 920   
169.29 14.10 430 10 366.14 30.50 930   
173.23 14.43 440 10 370.08 30.83 940   
177.17 14.76 450 10 374.02 31.16 950   
181.10 15.09 460 10 377.95 31.49 960   
185.04 15.42 470 10 381.89 31.82 970   
188.98 15.74 480 10 385.83 32.14 980   
192.91 16.07 490 10 389.76 32.47 990   
196.85 16.40 500 10 393.70 32.80 1000   

Pavement Material
Pavement Thickness

Base Material
Base Thickness

SubBase material
Penetrometer  Operators

Start  Time
Finish  Time

ODOT 7 SR4 South Bound Right Berm 5' off Pavement Edge In Dip
11/22/16

SubBase Thickness

Dynamic Cone Penetrometer Log Sheet
Location  Information

8

DCP 8
Redesignated D-008-0-16



County
State

Roadway
Penetrometer Operators

Start Time
Finish Time

Penetrometer test # Date 11/22/16 Data Recorder
Other Information

 
 

 

 
 

ODOT 7 SR4 South Bound Right Berm 5' off Pavement Edge In Dip

SubBase material
 
 

 
 

 

SubBase Thickness   

Dynamic Cone Penetrometer Log Sheet
Location  Information

  Pavement Material
Pavement Thickness

Base Material
Base Thickness
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Penetrometer   Log  Chart

10 Blow Baseline
Pre Injection Penetrometer Test 

Post Injection Penetrometer Test



County
State

Roadway

Penetrometer test # Date Data Recorder
Other Information

in ft cm Pre Post in ft cm Pre Post
depth depth depth Blows Blows depth depth depth Blows Blows
3.94 0.33 10 0.2 10 200.79 16.73 510  10  
7.87 0.66 20 0.2 10 204.72 17.06 520  10  
11.81 0.98 30 0.2 10 208.66 17.38 530  10  
15.75 1.31 40 0.2 10 212.60 17.71 540  10  
19.69 1.64 50 0.2 10 216.54 18.04 550  10  
23.62 1.97 60 0.2 10 220.47 18.37 560  10  
27.56 2.30 70 20 10 224.41 18.70 570  10  
31.50 2.62 80 48 10 228.35 19.02 580  10  
35.43 2.95 90 50 10 232.28 19.35 590  10  
39.37 3.28 100 63 10 236.22 19.68 600  10  
43.31 3.61 110 99 10 240.16 20.01 610  10  
47.24 3.94 120 46 10 244.09 20.34 620  10  
51.18 4.26 130 190 10 248.03 20.66 630  10  
55.12 4.59 140 200 10 251.97 20.99 640  10  
59.06 4.92 150 10 255.91 21.32 650  10  
62.99 5.25 160 10 259.84 21.65 660  10  
66.93 5.58 170 10 263.78 21.98 670  10  
70.87 5.90 180 10 267.72 22.30 680  10  
74.80 6.23 190 10 271.65 22.63 690  10  
78.74 6.56 200 10 275.59 22.96 700  10  
82.68 6.89 210 10 279.53 23.29 710  10  
86.61 7.22 220 10 283.46 23.62 720  10  
90.55 7.54 230 10 287.40 23.94 730  10  
94.49 7.87 240 10 291.34 24.27 740  10  
98.43 8.20 250 10 295.28 24.60 750  10  
102.36 8.53 260 10 299.21 24.93 760  10  
106.30 8.86 270 10 303.15 25.26 770  10  
110.24 9.18 280 10 307.09 25.58 780  10  
114.17 9.51 290 10 311.02 25.91 790  10  
118.11 9.84 300 10 314.96 26.24 800  10  
122.05 10.17 310 10 318.90 26.57 810   
125.98 10.50 320 10 322.83 26.90 820   
129.92 10.82 330 10 326.77 27.22 830   
133.86 11.15 340 10 330.71 27.55 840   
137.80 11.48 350 10 334.65 27.88 850   
141.73 11.81 360 10 338.58 28.21 860   
145.67 12.14 370 10 342.52 28.54 870   
149.61 12.46 380 10 346.46 28.86 880   
153.54 12.79 390 10 350.39 29.19 890   
157.48 13.12 400 10 354.33 29.52 900   
161.42 13.45 410 10 358.27 29.85 910   
165.35 13.78 420 10 362.20 30.18 920   
169.29 14.10 430 10 366.14 30.50 930   
173.23 14.43 440 10 370.08 30.83 940   
177.17 14.76 450 10 374.02 31.16 950   
181.10 15.09 460 10 377.95 31.49 960   
185.04 15.42 470 10 381.89 31.82 970   
188.98 15.74 480 10 385.83 32.14 980   
192.91 16.07 490 10 389.76 32.47 990   
196.85 16.40 500 10 393.70 32.80 1000   

Pavement Material
Pavement Thickness

Base Material
Base Thickness

SubBase material
Penetrometer  Operators

Start  Time
Finish  Time

ODOT 7 SR4 South Bound Right Berm 5' off Pavement Edge In Southern Dip
11/22/16

SubBase Thickness

Dynamic Cone Penetrometer Log Sheet
Location  Information

9

DCP 9
Redesignated D-009-0-16
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MOT-4-19.30 (ODOT 2016) – Exploratory Borings 
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MOT-4-19.30 (ODOT, 2021) – DCP 

  



Project: Crew: PPP ID: D-001-0-21
PID: Ground Elev. (ft): 774.2

Date: Start Depth (ft:): 1.5
Latitude: 39.77918953

Longitude: 84.16103283

0

774.2 0.71 Asphalt (8.5-in)
1.42 Concrete (8.5-in)

Sand

Notes: Completed in eastbound passing lane

MOT-4-1993
115661

9/15/2021

Ground Elev.
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Office of Geotechnical Engineering

Geology, Exploration, and Laboratory Section

OFFICE OF GEOTECHNICAL ENGINEERING
DCP TEST DATA



Project: Crew: PPP ID: D-002-0-21
PID: Ground Elev. (ft): 774

Date: Start Depth (ft:): 1.8
Latitude: 39.779638

Longitude: 84.160688

0

774 0.83 Asphalt (10-in)
1.58 Concrete (9-in)

Sand

Notes: Completed in westbound passing lane

MOT-4-1993
115661

9/15/2021

Ground Elev.
Depth 

(Ft) Material Encountered
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Project: Crew: PPP ID: D-003-0-21
PID: Ground Elev. (ft): 771.5

Date: Start Depth (ft:): 2.2
Latitude: 39.779537

Longitude: 84.160388

0

771.5 1.25 Asphalt (15-in)
2.00 Concrete (9-in)

Sand

Notes: Completed in eastbound travel lane

MOT-4-1993
115661

9/15/2021

Ground Elev.
Depth 

(Ft) Material Encountered
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Office of Geotechnical Engineering

Geology, Exploration, and Laboratory Section

OFFICE OF GEOTECHNICAL ENGINEERING
DCP TEST DATA

10.1 lbs.



Project: Crew: PPP ID: D-004-0-21
PID: Ground Elev. (ft): 771.7

Date: Start Depth (ft:): 2.42
Latitude: 39.779970

Longitude: 84.160197

0

771.7 1.54 Asphalt (18.5-in)

2.29 Concrete (9-in)
Sand

Notes: Completed in westbound driving lane

MOT-4-1993
115661

9/15/2021
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Office of Geotechnical Engineering
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OFFICE OF GEOTECHNICAL ENGINEERING
DCP TEST DATA



Project: Crew: PPP ID: D-005-0-21
PID: Ground Elev. (ft): 769.2

Date: Start Depth (ft:): 2.67
Latitude: 39.779903

Longitude: 84.159825

0

769.2 1.58 Asphalt (19-in)

2.33 Concrete (9-in)
Sand

Notes: Completed in eastbound passing lane

MOT-4-1993
115661

9/15/2021
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OFFICE OF GEOTECHNICAL ENGINEERING
DCP TEST DATA



Project: Crew: PPP ID: D-006-0-21
PID: Ground Elev. (ft): 767.7

Date: Start Depth (ft:): 2.75
Latitude: 39.780050

Longitude: 84.159459

0

767.7 2.00 Asphalt (24-in)

2.75 Concrete (9-in)
Sand

Notes: Completed in eastbound travel lane

MOT-4-1993
115661

9/15/2021
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All other soils
Office of Geotechnical Engineering

Geology, Exploration, and Laboratory Section

OFFICE OF GEOTECHNICAL ENGINEERING
DCP TEST DATA



Project: Crew: PPP ID: D-007-0-21
PID: Ground Elev. (ft): 769.2

Date: Start Depth (ft:): 1.67
Latitude: 39.780244

Longitude: 84.159594

0

767.7 0.75 Asphalt (9-in)

1.50 Concrete (9-in)

1.67 Void (2-in)
Sand

Notes: Completed in westbound passing lane.

MOT-4-1993
115661

9/15/2021
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MOT-4-19.73 (ODOT, 1958) – Construction Drawings 
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MOT-4-19.14 (ODOT, 2003) – Construction Drawings 
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Appendix C. Site Photos



Noted Alligator and map
cracking near merge of
NB SR 4 and Ramp J

Example of Pavement
Dips Along NB SR 4

NB SR 4 / Ramp J

NB SR 4



NB SR 4

NB SR 4

Example of Pavement
Dip Along NB SR 4



SB SR 4

SB SR 4 / Ramp L

Example of Pavement
Dip Along SB SR 4



SB SR 4 / Ramp L

Example of Pavement
Dip Along SB SR-4



Ramp J

Ramp J

Transverse and
longitudinal  cracking
along Ramp J



Ramp K

Ramp K

Transverse Cracking
along Ramp K

Alligator and Map
Cracking along Ramp K

Example of Pavement
Dip Along Ramp K



Transverse Longitudinal
 Cracking along Ramp K

Ramp K



Cracking along Ramp L with
vertical displacementRamp L

Ramp L
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Appendix D. Boring Logs and Pavement Core 

Photos
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12 inches Asphalt
@ 3 inches - 5 inches : Delaminated and Degraded
LOOSE TO MEDIUM DENSE, BROWN, GRAVEL, SOME
SAND, TRACE SILT, TRACE CLAY, DAMP (FILL)

MEDIUM DENSE, BLACK AND DARK BROWN, GRAVEL
WITH SAND, LITTLE SILT, TRACE CLAY, MOIST (FILL)

MEDIUM DENSE, BROWN, GRAVEL WITH SAND AND SILT,
TRACE CLAY, DAMP (FILL)

LOOSE, BROWN, GRAVEL WITH SAND, LITTLE SILT,
TRACE CLAY, DAMP TO MOIST (FILL)

MEDIUM DENSE TO DENSE, BROWN, GRAVEL, SOME
SAND, TRACE SILT, TRACE CLAY, DAMP (FILL)

DENSE TO VERY DENSE, DARK BROWN TO BLACK,
GRAVEL WITH SAND, LITTLE SILT, TRACE CLAY, NOTED
BRICK, PLASTIC, AND ASPHALT, DAMP (FILL - Refuse
Material)

MEDIUM DENSE, BLACK, FINE SAND, MOIST (FILL - Refuse
Material)
STIFF TO VERY STIFF, BLACK TO DARK BROWN, SILTY
CLAY, LITTLE SAND, TRACE GRAVEL, NOTED GLASS AND
ASPHALT, DAMP (FILL - Refuse Material)
DENSE TO VERY DENSE, BROWN, GRAVEL, SOME SAND,
TRACE SILT, TRACE CLAY, DAMP

@ 28.0' : Added Water To Assist Drilling
Below 28.0' : Wet Samples
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DRILLING METHOD: 3.25" HSA
START: 5/18/23 END: 5/18/23
PID: 117239

SAMPLING FIRM / LOGGER: HDR / DCM
DRILLING FIRM / OPERATOR: CENTRAL STAR / TS

EOB: 42.0 ft.
HAMMER: AUTOMATIC HAMMER
DRILL RIG: DIEDRICH D-50 TRACK

CALIBRATION DATE: 3/7/22
ALIGNMENT: RAMP J

SAMPLING METHOD: SPT

PAGE
1 OF 2

EXPLORATION ID
B-001-1-23

ELEVATION: 772.6 (MSL)

PROJECT: MOT-4-19.30 STATION / OFFSET: 0+99, 6' RT.

LAT / LONG: 39.779141, -84.160889

TYPE: ROADWAY
SFN:

772.6

ENERGY RATIO (%): 86.8
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DENSE TO VERY DENSE, BROWN, GRAVEL, SOME SAND,
TRACE SILT, TRACE CLAY, DAMP (continued)
@ 30.0' : Added Water To Assist Drilling

Below 35.5' : Trace Broken Stone Fragments

MEDIUM DENSE TO DENSE, BROWN, GRAVEL, SOME
SAND, TRACE SLT, TRACE CLAY, DAMP
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START: 5/18/23 END: 5/18/23STATION / OFFSET: 0+99, 6' RT. B-001-1-23PROJECT: MOT-4-19.30PID: 117239 PG 2 OF 2SFN:
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NOTES: NONE
ABANDONMENT METHODS, MATERIALS, QUANTITIES: POURED 150 LB. BENTONITE CHIPS; TREMIED 25 LB. BENTONITE POWDER;  94 LB. CEMENT; PLACED 25 LB. QUICKCRETE;  55 GAL. WATER

EOB

31

32

33

34

35

36

37

38

39

40

41

42



-

-

-

26

-

-

-

29

-

-

-

30

-

-

-

18

-

-

-

27

-

-

-

39

-

-

-

60

-

-

-

50

-

-

-

25

-

-

-

35

-

-

-

10

-

-

-

4

-

-

-

8

-

-

-

15

-

-

-

9

-

-

-

6

-

-

-

2

-

-

-

5

-

-

-

-

-

-

-

-

-

-

-

19

-

-

-

5

-

-

-

7

-

-

-

-

-

-

-

-

7
10

17

8
19

13
11

15
21

11
15

24
11

17
34

21
35

29
23

24
26

22
26

26
20

26
41

50/5"

13
48

43
5

9
13

5
7

9
9

5
6

10
3

4
8

4
4

4
7

13
12

13
20

10
14

12 inches of Asphalt
9 inches of Reinforced Concrete

MEDIUM DENSE, BROWN, COARSE AND FINE SAND,
DAMP (FILL)
DENSE TO VERY DENSE, BROWN AND DARK BROWN,
GRAVEL WITH SAND AND SILT, TRACE CLAY, DAMP (FILL)

VERY DENSE, BROWN, GRAVEL, SOME SAND, TRACE
SILT, TRACE CLAY, DAMP (FILL)

Below 14.0' : Water Added to Assist in Drilling

VERY DENSE, BLACK WITH DARK BROWN, GRAVEL, "AND"
SAND, TRACE SILT, TRACE CLAY, WITH CONSTRUCTION
DEBRIS (GLASS, METAL, WASTED ASPHALT), PETROLEUM
ODOR, DAMP TO MOIST (FILL - Refuse Material)

Below 18.5' : Medium Dense to Dense

MEDIUM DENSE, BLACK WITH DARK BROWN, SANDY
SILT, SOME GRAVEL, TRACE CLAY, WITH CONSTRUCTION
DEBRIS (GLASS, METAL, WASTED ASPHALT), PETROLEUM
ODOR, DAMP TO MOIST (FILL - Refuse Material)

DENSE TO VERY DENSE, BROWN, GRAVEL WITH SAND
AND SILT, TRACE CLAY, DRY

-

-

-

21

-

-

-

20

-

-

-
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-

-

-

NP

-

-

-
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-

-
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-

-

-

15

-

-

-

15

-

-

-

NP

-

-

-
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-

-

-

8

-

-

-

5

-

-

-

6

-

-

-

NP

-

-

-

NP

15

11

10

8

5

7

4

5

5

10

10

9

13

19

12

12

20

10

4

4

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

A-3a (V)

A-2-4 (V)

A-2-4 (V)

A-2-4 (0)

A-2-4 (V)

A-2-4 (V)

A-1-a (V)

A-1-a (0)

A-1-a (V)

A-1-a (V)

A-1-a (V)

A-1-a (0)

A-1-a (V)

A-1-a (V)

A-1-a (V)

A-4a (1)

A-4a (V)

A-4a (V)

A-2-4 (V)

A-2-4 (0)

39

46

52

56

74

93

72

75

97

-

132

32

23

16

10

12

29

48

43

89

89

100

100

100

100

100

89

89

100

89

33

89

56

89

17

56

100

100

769.2
768.7

761.4

755.4

747.9

743.4

SS-1A

SS-1B

SS-2

SS-3

SS-4

SS-5

SS-6

SS-7

SS-8

SS-9

SS-10

SS-11

SS-12

SS-13

SS-14

SS-15

SS-16

SS-17

SS-18

SS-19

DRILLING METHOD: 3.25" HSA
START: 5/15/23 END: 5/16/23
PID: 117239

SAMPLING FIRM / LOGGER: HDR / DCM
DRILLING FIRM / OPERATOR: CENTRAL STAR / TS

EOB: 47.5 ft.
HAMMER: AUTOMATIC HAMMER
DRILL RIG: DIEDRICH D-50 TRACK

CALIBRATION DATE: 3/7/22
ALIGNMENT: SR 4

SAMPLING METHOD: SPT

PAGE
1 OF 2

EXPLORATION ID
B-002-1-23

ELEVATION: 770.9 (MSL)

PROJECT: MOT-4-19.30 STATION / OFFSET: 87+64, 58' RT.

LAT / LONG: 39.779490, -84.160409

TYPE: ROADWAY
SFN:

770.9

ENERGY RATIO (%): 86.8

CSGR FS CLSI
DEPTHS SPT/

RQD
MATERIAL DESCRIPTION

AND NOTES LL PL PI WC

HP
(tsf)

ODOT
CLASS (GI)

GRADATION (%) ATTERBERG
N60

REC
(%)

ELEV. HOLE
SEALED

SAMPLE
ID

S
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R
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42

29

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29



-

-

-

-

21

-

-

-

-

-

-

66

-

-

-

-

-

-

8

-

-

-

-

-

-

1

-

-

-

-

-

-

4

-

-

16

16
20

19

10
12

13

9
9

8

3
11

14

7
11

14

3
16

19

12
12

14

DENSE TO VERY DENSE, BROWN, GRAVEL WITH SAND
AND SILT, TRACE CLAY, DRY (continued)

@ 31.5' - 33.0' : Gray and Black

MEDIUM DENSE, BROWN, GRAVEL WITH SAND AND SILT,
TRACE CLAY, DAMP

DENSE TO VERY DENSE, BROWN, GRAVEL, SOME SAND,
TRACE SILT, TRACE CLAY, DAMP

-

-

-

-

15

-

-

-

-

-

-

NP

-

-

-

-

-

-

NP

-

-

4

8
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9

9

8
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-

-

-

-

-

-

-

A-2-4 (V)

A-2-4 (V)

A-2-4 (V)

A-2-4 (V)

A-1-a (0)

A-1-a (V)

A-1-a (V)

56

36

25

36

36

51

38

83

100

67

67

78

89

100

738.4

729.9

723.4

SS-20

SS-21

SS-22

SS-23

SS-24

SS-25

SS-26

START: 5/15/23 END: 5/16/23STATION / OFFSET: 87+64, 58' RT. B-002-1-23PROJECT: MOT-4-19.30PID: 117239 PG 2 OF 2SFN:

740.9 CSGR FS CLSI
DEPTHS SPT/

RQD
MATERIAL DESCRIPTION

AND NOTES LL PL PI WC

HP
(tsf)

ODOT
CLASS (GI)

GRADATION (%) ATTERBERG
N60

REC
(%)

ELEV. HOLE
SEALED

SAMPLE
ID
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R
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NOTES: NONE
ABANDONMENT METHODS, MATERIALS, QUANTITIES: POURED 200 LB. BENTONITE CHIPS; TREMIED 25 LB. BENTONITE POWDER;  94 LB. CEMENT; PLACED 50 LB. QUICKCRETE;  55 GAL. WATER

EOB

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47



-

2

-

17

-

-

-

-

-

35

-

-

-

-

22

-

-

-

33

-

79

-

38

-

-

-

-

-

46

-

-

-

-

43

-

-

-

61

-

1

-

8

-

-

-

-

-

12

-

-

-

-

15

-

-

-

2

-

-

-

20

-

-

-

-

-

3

-

-

-

-

1

-

-

-

1

-

-

-

17

-

-

-

-

-

4

-

-

-

-

19

-

-

-

3

9
14

11

4
4

8
8

6
8

6
6

10
7

8
6

3
5

8
7

16
21

8
12

16
14

22
25

20
21

21
17

24
34

21
32
50/4"

20
25

14
16

17
25

6
7

5
6

10
20

6
14

21
17

22
27

27
21

30
13

9 inches Asphalt

MEDIUM DENSE TO DENSE, BROWN, GRAVEL WITH
SAND, TRACE SILT, TRACE CLAY, (ROUNDED GRAVEL),
DAMP (FILL)

VERY STIFF, BLACK AND DARK BROWN, SANDY SILT,
"AND" GRAVEL, LITTLE CLAY, DAMP (FILL - Refuse Material)

DENSE TO VERY DENSE, BROWN, GRAVEL WITH SAND,
TRACE SILT, TRACE CLAY, DAMP

@ 19.0' : Water Added to Assist in Drilling
@ 19.5' - 20.0' : Black

MEDIUM DENSE TO DENSE, BROWN AND ORANGE
BROWN, GRAVEL WITH SAND, LITTLE SILT, TRACE CLAY,
DAMP

VERY DENSE, BROWN, GRAVEL, SOME SAND, TRACE
SILT, TRACE CLAY, DAMP

-

NP

-

28

-

-

-

-

-

13

-

-

-

-

21

-

-

-

14

-

NP

-

18

-

-

-

-

-

NP

-

-

-

-

18

-

-

-

NP

-

NP

-

10

-

-

-

-

-

NP

-

-

-

-

3

-

-

-

NP

10

6

12

13

12

15

14

7

5

8

7

7

7

5

9

6

5

5

5

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

A-1-b (V)

A-1-b (0)

A-4a (V)

A-4a (0)

A-4a (V)

A-4a (V)

A-4a (V)

A-1-b (V)

A-1-b (V)

A-1-b (0)

A-1-b (V)

A-1-b (V)

A-1-b (V)

A-1-b (V)

A-1-b (0)

A-1-b (V)

A-1-a (V)

A-1-a (V)

A-1-a (0)

36

17

20

23

20

19

54

41

68

61

84

-

56

61

17

43

51

71

74

78

56

89

89

89

89

89

100

89

100

100

100

89

78

67

89

89

100

89

767.5

764.2

757.2

746.2

743.7

SS-1

SS-2

SS-3

SS-4

SS-5

SS-6

SS-7

SS-8

SS-9

SS-10

SS-11

SS-12

SS-13

SS-14

SS-15

SS-16

SS-17

SS-18

SS-19

DRILLING METHOD: 3.25" HSA
START: 5/18/23 END: 5/18/23
PID: 117239

SAMPLING FIRM / LOGGER: HDR / DCM
DRILLING FIRM / OPERATOR: CENTRAL STAR / TS

EOB: 33.5 ft.
HAMMER: AUTOMATIC HAMMER
DRILL RIG: DIEDRICH D-50 TRACK

CALIBRATION DATE: 3/7/22
ALIGNMENT: RAMP J

SAMPLING METHOD: SPT

PAGE
1 OF 2

EXPLORATION ID
B-002-2-23

ELEVATION: 768.2 (MSL)

PROJECT: MOT-4-19.30 STATION / OFFSET: 3+07, 4' RT.

LAT / LONG: 39.779310, -84.160214

TYPE: ROADWAY
SFN:

768.2

ENERGY RATIO (%): 86.8

CSGR FS CLSI
DEPTHS SPT/

RQD
MATERIAL DESCRIPTION

AND NOTES LL PL PI WC

HP
(tsf)

ODOT
CLASS (GI)

GRADATION (%) ATTERBERG
N60

REC
(%)

ELEV. HOLE
SEALED

SAMPLE
ID
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R
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1
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5

6

7
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9
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23
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26

27
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-

-

-

-

-

-

-

-

-

-

21
24

17
22

23

VERY DENSE, BROWN, GRAVEL, SOME SAND, TRACE
SILT, TRACE CLAY, DAMP (continued)

-

-

-

-

-

-

8

10

-

-

A-1-a (V)

A-1-a (V)

65

65

89

89
734.7

SS-20

SS-21

START: 5/18/23 END: 5/18/23STATION / OFFSET: 3+07, 4' RT. B-002-2-23PROJECT: MOT-4-19.30PID: 117239 PG 2 OF 2SFN:

738.2 CSGR FS CLSI
DEPTHS SPT/

RQD
MATERIAL DESCRIPTION

AND NOTES LL PL PI WC

HP
(tsf)

ODOT
CLASS (GI)

GRADATION (%) ATTERBERG
N60

REC
(%)

ELEV. HOLE
SEALED

SAMPLE
ID
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R
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NOTES: NONE
ABANDONMENT METHODS, MATERIALS, QUANTITIES: TREMIED 25 LB. BENTONITE POWDER;  94 LB. CEMENT; PLACED 25 LB. QUICKCRETE;  55 GAL. WATER

EOB

31

32

33



23

-

-

-

15

16

-

-

25

-

19

29

-

-

-

6

-

-

48

-

-

-

62

70

-

-

33

-

32

52

-

-

-

64

-

-

12

-

-

-

11

5

-

-

15

-

14

8

-

-

-

3

-

-

2

-

-

-

4

3

-

-

4

-

-

3

-

-

-

-

-

-

15

-

-

-

8

6

-

-

23

-

-

8

-

-

-

-

-

-

3
6

9

7
6

7
10

10
10

9
10

13
9

10
9

9
13

10
9

10
18

12
11

21
5

12
9

3
8

6
4

3
10

7
6

8
15

11
6

2
2

3
3

3
6

6
6

4
7

3
4

9
15

21

11

14 inches Asphalt

MEDIUM DENSE, GRAY AND BROWN, GRAVEL WITH
SAND, LITTLE SILT, TRACE CLAY, DAMP (FILL)

MEDIUM DENSE, BROWN, GRAVEL, SOME SAND, TRACE
SILT, TRACE CLAY, DAMP (FILL)

DENSE, BROWN, GRAVEL, SOME SAND, TRACE SILT,
TRACE CLAY, DAMP (FILL - Refuse Material)

MEDIUM DENSE TO DENSE, DARK BROWN TO BLACK,
GRAVEL WITH SAND AND SILT, TRACE CLAY, DAMP (FILL -
Refuse Material)

MEDIUM DENSE, BLACK, GRAVEL WITH SAND AND SILT,
TRACE CLAY, NOTED GLASS, PLASTIC, AND WASTED
ASPHALT, MOIST TO WET (FILL - Refuse Material)

@ 17.5' - 22.5' : Trace Clay
LOOSE TO MEDIUM DENSE, BLACK, GRAVEL, "AND" SAND,
TRACE SILT, TRACE CLAY, NOTED GLASS, PLASTIC, AND
WASTED ASPHALT, MOIST (FILL - Refuse Material)

@ 22.5' : Noted Wood Fragment

LOOSE TO MEDIUM DENSE, BROWN, GRAVEL WITH SAND
AND SILT, TRACE CLAY, NOTED ASPHALT AND GLASS,
DAMP (FILL - Refuse Material)

@ 26.0' - 26.5' : Asphalt Fragments

VERY DENSE, BROWN, GRAVEL, SOME SAND, TRACE
SILT, TRACE CLAY, DAMP

16

-

-

-

15

17

-

-

17

-

NP

28

-

-

-

NP

-

-

NP

-

-

-

NP

17

-

-

NP

-

NP

NP

-

-

-

NP

-

-

NP

-

-

-

NP

NP

-

-

NP

-

NP

NP

-

-

-

NP

-

-

10

4

4

5

5

5

7

9

10

23

31

11

11

25

18

6

16

5

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

A-1-b (0)

A-1-b (V)

A-1-b (V)

A-1-b (V)

A-1-a (0)

A-1-a (0)

A-2-4 (V)

A-2-4 (V)

A-2-4 (0)

A-2-4 (V)

A-2-4 (0)

A-1-a (0)

A-1-a (V)

A-1-a (V)

A-1-a (V)

A-2-4 (0)

A-2-4 (V)

A-1-a (V)

22

19

29

33

27

33

41

46

30

20

19

20

25

7

13

14

10

52

44

6

17

44

56

61

78

22

78

33

44

33

17

17

33

56

44

78

769.1

762.8

761.3

759.8

755.3

752.3

746.3

743.1

SS-1

SS-2

SS-3

SS-4

SS-5

SS-6

SS-7

SS-8

SS-9

SS-10

SS-11

SS-12

SS-13

SS-14

SS-15

SS-16

SS-17

SS-18

DRILLING METHOD: 3.25" HSA
START: 5/19/23 END: 5/22/23
PID: 117239

SAMPLING FIRM / LOGGER: HDR / DCM
DRILLING FIRM / OPERATOR: CENTRAL STAR / TS

EOB: 46.0 ft.
HAMMER: AUTOMATIC HAMMER
DRILL RIG: DIEDRICH D-50 TRACK

CALIBRATION DATE: 3/7/22
ALIGNMENT: RAMP L

SAMPLING METHOD: SPT

PAGE
1 OF 2

EXPLORATION ID
B-003-1-23

ELEVATION: 770.3 (MSL)

PROJECT: MOT-4-19.30 STATION / OFFSET: 4+53, 15' LT.

LAT / LONG: 39.779984, -84.160505

TYPE: ROADWAY
SFN:

770.3

ENERGY RATIO (%): 86.8

CSGR FS CLSI
DEPTHS SPT/

RQD
MATERIAL DESCRIPTION

AND NOTES LL PL PI WC

HP
(tsf)

ODOT
CLASS (GI)

GRADATION (%) ATTERBERG
N60

REC
(%)

ELEV. HOLE
SEALED

SAMPLE
ID

S
T

A
N

D
A

R
D

 O
D

O
T

 S
O

IL
 B

O
R

IN
G

 L
O

G
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 D
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T
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9
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C
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W
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R

K
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G
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T
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0
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R
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 D
A
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35

27

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29



22

-

49

-

45

-

25

57

-

46

-

52

-

46

11

-

1

-

1

-

21

3

-

3

-

2

-

2

7

-

1

-

0

-

6

22
25

9
9

19

7
6

4

7
8

10

9
15

16

7
10

12

10
12

12

VERY DENSE, BROWN, GRAVEL, SOME SAND, TRACE
SILT, TRACE CLAY, DAMP (continued)

MEDIUM DENSE TO DENSE, BROWN, GRAVEL WITH
SAND, TRACE CLAY, TRACE SILT, WET

MEDIUM DENSE TO DENSE, BROWN, GRAVEL, "AND"
SAND, TRACE CLAY, WET

DENSE, BROWN, GRAVEL WITH SAND, TRACE SILT,
TRACE CLAY, WET

15

-

14

-

13

-

15

NP

-

NP

-

NP

-

NP

NP

-

NP

-

NP

-

NP

4

15

10

10

9

12

12

-

-

-

-

-

-

-

A-1-a (0)

A-1-b (V)

A-1-b (0)

A-1-a (V)

A-1-a (0)

A-1-b (V)

A-1-b (0)

68

41

14

26

45

32

35

100

89

100

89

67

89

78

738.3

733.3

727.8

724.3

SS-19

SS-20

SS-21

SS-22

SS-23

SS-24

SS-25

737.3

START: 5/19/23 END: 5/22/23STATION / OFFSET: 4+53, 15' LT. B-003-1-23PROJECT: MOT-4-19.30PID: 117239 PG 2 OF 2SFN:

740.3 CSGR FS CLSI
DEPTHS SPT/

RQD
MATERIAL DESCRIPTION

AND NOTES LL PL PI WC

HP
(tsf)

ODOT
CLASS (GI)

GRADATION (%) ATTERBERG
N60

REC
(%)

ELEV. HOLE
SEALED

SAMPLE
ID

S
T

A
N

D
A

R
D

 O
D

O
T
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O
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 B

O
R
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G
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O

G
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 D
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T
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23
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2
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- 

C
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W
W

O
R

K
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G
\E

A
S

T
01

\D
33

30
0

03
\2

0
23

05
1
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M

O
T
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-1

9.
30

_B
O

R
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G
 L

O
G

S
 -
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E

V
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_W
IT

H
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A
B

 D
A

T
A

.G
P

J

NOTES: NONE
ABANDONMENT METHODS, MATERIALS, QUANTITIES: TREMIED 25 LB. BENTONITE POWDER;  94 LB. CEMENT; PLACED 50 LB. QUICKCRETE;  55 GAL. WATER

EOB

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46



-

1

-

6

-

-

15

-

28

-

-

16

-

16

25

-

-

-

-

-

84

-

64

-

-

56

-

42

-

-

30

-

62

38

-

-

-

-

-

1

-

3

-

-

11

-

15

-

-

37

-

9

15

-

-

-

-

-

-

-

-

-

-

3

-

1

-

-

0

-

5

5

-

-

-

-

-

-

-

-

-

-

15

-

14

-

-

17

-

8

17

-

-

-

-

7
8

6

4
3

5
19

14
11

10
12

10
11

16
13

6
25

26
17

25
41

15
4

3
2

3
3

8
8

6
6

5
6

6
5

6
11

12
10

13
11

8
5

5
6

3
13

12
7

9
7

6
3

6
12

27 inches Asphalt

MEDIUM DENSE, BROWN AND GRAY, GRAVEL, TRACE
SAND, TRACE SILT, TRACE CLAY, (ROUNDED GRAVEL),
DAMP (FILL)

DENSE TO VERY DENSE, BROWN, GRAVEL WITH SAND
AND SILT, TRACE CLAY, DAMP (FILL)

VERY DENSE, BROWN, GRAVEL WITH SAND, LITTLE SILT,
TRACE CLAY, WITH CONSTRUCTION DEBRIS,  GLASS AND
METAL FRAGMENTS, DAMP (FILL - Refuse Material)
MEDIUM DENSE, BROWN AND BLACK, GRAVEL WITH
SAND, LITTLE SILT, TRACE CLAY, WITH CONSTRUCTION
DEBRIS,  GLASS AND METAL FRAGMENTS, PETROLEUM
ODOR, MOIST (FILL - Refuse Material)
@ 15.5' - 16.0' : Wet Seam

MEDIUM DENSE TO DENSE, BLACK, COARSE AND FINE
SAND, SOME GRAVEL, LITTLE SILT, MOIST (FILL - Refuse
Material)
20.5' - 22.0' : Trace Root Hairs

MEDIUM DENSE, BROWN AND BLACK, GRAVEL, SOME
SAND, TRACE SILT, TRACE CLAY, WITH CONSTRUCTION
DEBRIS, PETROLEUM ODOR, DAMP (FILL - Refuse Material)
MEDIUM DENSE TO DENSE, BLACK, GRAVEL WITH SAND,
LITTLE SILT, TRACE CLAY, PETROLEUM ODOR, DAMP TO
MOIST (FILL - Refuse Material)

26.5' - 28.0' : Glass and Wood Fragments

-

NP

-

NP

-

-

23

-

32

-

-

21

-

20

24

-

-

-

-

-

NP

-

NP

-

-

20

-

NP

-

-

NP

-

18

NP

-

-

-

-

-

NP

-

NP

-

-

3

-

NP

-

-

NP

-

2

NP

-

-

-

-

9

5

8

7

6

5

7

5

19

10

12

12

12

8

19

13

17

8

7

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

A-1-a (V)

A-1-a (0)

A-2-4 (V)

A-2-4 (0)

A-2-4 (V)

A-2-4 (V)

A-1-b (0)

A-1-b (V)

A-1-b (0)

A-1-b (V)

A-1-b (V)

A-3a (0)

A-3a (V)

A-1-a (0)

A-1-b (0)

A-1-b (V)

A-1-b (V)

A-1-b (V)

A-1-a (V)

20

12

36

32

42

74

95

10

9

20

16

16

32

27

16

36

23

13

67

56

78

78

78

78

100

78

56

44

44

22

22

50

17

17

17

17

765.8

762.6

756.1

754.6

749.1

746.1

744.6

738.6

SS-1

SS-2

SS-3

SS-4

SS-5

SS-6

SS-7

SS-8

SS-9

SS-10

SS-11

SS-12

SS-13

SS-14

SS-15

SS-16

SS-17

SS-18

SS-19

DRILLING METHOD: 3.25" HSA
START: 5/15/23 END: 5/15/23
PID: 117239

SAMPLING FIRM / LOGGER: HDR / DCM
DRILLING FIRM / OPERATOR: CENTRAL STAR / TS

EOB: 50.0 ft.
HAMMER: AUTOMATIC HAMMER
DRILL RIG: DIEDRICH D-50 TRACK

CALIBRATION DATE: 3/7/22
ALIGNMENT: SR 4

SAMPLING METHOD: SPT

PAGE
1 OF 2

EXPLORATION ID
B-004-1-23

ELEVATION: 768.1 (MSL)

PROJECT: MOT-4-19.30 STATION / OFFSET: 89+91, 58' RT.

LAT / LONG: 39.779853, -84.159766

TYPE: ROADWAY
SFN:

768.1

ENERGY RATIO (%): 86.8

CSGR FS CLSI
DEPTHS SPT/

RQD
MATERIAL DESCRIPTION

AND NOTES LL PL PI WC

HP
(tsf)

ODOT
CLASS (GI)

GRADATION (%) ATTERBERG
N60

REC
(%)

ELEV. HOLE
SEALED

SAMPLE
ID

S
T
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N
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A

R
D
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D
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 D
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G
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A
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T
01

\D
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0
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0
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1
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M
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T
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 D
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14

27

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29



20

-

37

-

-

42

-

-

60

-

41

-

-

56

-

-

12

-

16

-

-

1

-

-

1

-

1

-

-

1

-

-

7

-

5

-

-

0

-

-

13
10

7
11

13

8
10

12

4
5

10

5
5

7

9
8

9

6
5

5

6
6

5

11
9

8

DENSE, GRAY AND BROWN, GRAVEL, SOME SAND,
TRACE SILT, TRACE CLAY, WET (continued)

MEDIUM DENSE TO DENSE, BROWN, GRAVEL WITH
SAND, TRACE SILT, TRACE CLAY, WET

@ 38.5' : 6 inches of Sand Heave.  Begin Using Betonite Slurry in
Drilling.

MEDIUM DENSE, BROWN, GRAVEL, "AND" SAND, TRACE
CLAY, (ROUNDED TO SUB ROUNDED GRAVEL), WET

16

-

13

-

-

13

-

-

NP

-

NP

-

-

NP

-

-

NP

-

NP

-

-

NP

-

-

11

12

14

15

10

13

10

14

-

-

-

-

-

-

-

-

A-1-a (0)

A-1-b (V)

A-1-b (0)

A-1-b (V)

A-1-a (V)

A-1-a (0)

A-1-a (V)

A-1-a (V)

33

35

32

22

17

25

14

16

25

78

78

100

100

100

78

44

44

56

734.1

727.1

718.1

SS-20

SS-21

SS-22

SS-23

SS-24

SS-25

SS-26

SS-27

737.1

START: 5/15/23 END: 5/15/23STATION / OFFSET: 89+91, 58' RT. B-004-1-23PROJECT: MOT-4-19.30PID: 117239 PG 2 OF 2SFN:

738.1 CSGR FS CLSI
DEPTHS SPT/

RQD
MATERIAL DESCRIPTION

AND NOTES LL PL PI WC

HP
(tsf)

ODOT
CLASS (GI)

GRADATION (%) ATTERBERG
N60

REC
(%)

ELEV. HOLE
SEALED

SAMPLE
ID

S
T

A
N

D
A

R
D

 O
D

O
T
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O
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 B

O
R
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G

 L
O

G
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 D
O

T
.G

D
T

 -
 8

/1
6/

23
 1

3
:5

1 
- 

C
:\P

W
W

O
R

K
IN

G
\E

A
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T
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\2

0
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O
T

-4
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NOTES: NONE
ABANDONMENT METHODS, MATERIALS, QUANTITIES: POURED 75 LB. BENTONITE CHIPS; TREMIED 25 LB. BENTONITE POWDER;  94 LB. CEMENT; PLACED 25 LB. QUICKCRETE;  55 GAL. WATER

EOB

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50



-

27

-

-

-

-

22

-

-

30

28

-

-

-

-

10

9

-

26

-

63

-

-

-

-

60

-

-

51

40

-

-

-

-

68

14

-

55

-

3

-

-

-

-

6

-

-

9

11

-

-

-

-

6

7

-

6

-

2

-

-

-

-

4

-

-

3

6

-

-

-

-

3

33

-

3

-

5

-

-

-

-

8

-

-

7

15

-

-

-

-

13

37

-

10

6
7

7
7

8
11

7
10

13
13

13
8

13
11

11
13

17
19

8
20

12
21

23
17

7
8

13
16

18
11

9
8

10

8
3

10
11

13
15

6
12

12
8

10
17

6
10

15
10

14
21

27
12

10

10 inches Asphalt
8 inches Reinforced Concrete

MEDIUM DENSE TO DENSE, BROWN, GRAVEL, SOME
SAND, TRACE SILT, TRACE CLAY, DAMP (FILL)

@ 5.5' - 6.5' : Trace Gray

DENSE TO VERY DENSE, GRAY, BROWN AND BLACK,
GRAVEL, SOME SAND, TRACE SILT, TRACE CLAY, NOTED
ASPHALT, DAMP (FILL - Refuse Material)

VERY STIFF TO HARD, BLACK TO DARK GRAY, SILTY
CLAY, LITTLE SAND, TRACE GRAVEL, DAMP (FILL - Refuse
Material)
@ 15.0' : Water Added to Assist Drilling
DENSE, BLACK, GRAVEL, "AND" SAND, TRACE SILT,
TRACE CLAY, NOTED ASPHALT AND METAL FRAGMENTS,
MOIST (FILL - Refuse Material)
MEDIUM DENSE TO DENSE, BLACK, GRAVEL WITH SAND
AND SILT, TRACE CLAY, NOTED ASPHALT AND METAL
FRAGMENTS, WET (FILL - Refuse Material)

DENSE, BROWN AND BLACK, GRAVEL WITH SAND, LITTLE
SILT, TRACE CLAY, NOTED GLASS AND ASPHALT, DAMP
(FILL - Refuse Material)
@ 21.0' - 21.5' : Wet

HARD, BLACK, SANDY SILT, SOME CLAY, LITTLE GRAVEL,
NOTED ASPHALT, DAMP TO MOIST (FILL - Refuse Material)
DENSE TO VERY DENSE, BROWN, GRAVEL, SOME SAND,
TRACE SILT, TRACE CLAY, DAMP

-

21

-

-

-

-

23

-

-

27

31

-

-

-

-

22

35

-

22

-

16

-

-

-

-

18

-

-

NP

24

-

-

-

-

17

25

-

17

-

5

-

-

-

-

5

-

-

NP

7

-

-

-

-

5

10

-

5

11

9

6

6

4

7

7

8

17

14

19

24

14

35

10

11

25

8

7

-

-

-

-

-

-

-

-

4.50

-

-

-

-

-

-

-

-

-

-

A-1-a (V)

A-1-a (0)

A-1-a (V)

A-1-a (V)

A-1-a (V)

A-1-a (V)

A-1-a (0)

A-1-a (V)

A-6b (V)

A-1-a (0)

A-2-4 (0)

A-2-4 (V)

A-2-4 (V)

A-1-b (V)

A-1-b (V)

A-1-b (0)

A-4a (7)

A-1-a (V)

A-1-a (0)

20

27

33

30

32

52

46

58

30

42

26

19

41

35

39

36

51

32

56

56

78

56

67

78

89

100

89

89

100

17

89

44

89

100

67

78

770.0

761.0

757.5

756.0

754.5

750.5

747.2

746.0

SS-1

SS-2

SS-3

SS-4

SS-5

SS-6

SS-7

SS-8

SS-9

SS-10

SS-11

SS-12

SS-13A

SS-13B

SS-14

SS-15

SS-16

SS-17

SS-18

DRILLING METHOD: 3.25" HSA
START: 5/19/23 END: 5/19/23
PID: 117239

SAMPLING FIRM / LOGGER: HDR / DCM
DRILLING FIRM / OPERATOR: CENTRAL STAR / TS

EOB: 46.5 ft.
HAMMER: AUTOMATIC HAMMER
DRILL RIG: DIEDRICH D-50 TRACK

CALIBRATION DATE: 3/7/22
ALIGNMENT: SR 4

SAMPLING METHOD: SPT

PAGE
1 OF 2

EXPLORATION ID
B-004-2-23

ELEVATION: 771.5 (MSL)

PROJECT: MOT-4-19.30 STATION / OFFSET: 89+60, 64' LT.

LAT / LONG: 39.780079, -84.160106

TYPE: ROADWAY
SFN:

771.5

ENERGY RATIO (%): 86.8

CSGR FS CLSI
DEPTHS SPT/

RQD
MATERIAL DESCRIPTION

AND NOTES LL PL PI WC

HP
(tsf)

ODOT
CLASS (GI)

GRADATION (%) ATTERBERG
N60

REC
(%)

ELEV. HOLE
SEALED

SAMPLE
ID

S
T
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N
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R
D
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D
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 D
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T
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0
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R
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O
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S
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V
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A
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 D
A

T
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1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29



-

-

15

-

43

-

-

-

-

65

-

53

-

-

-

-

12

-

2

-

-

-

-

2

-

2

-

-

-

-

6

-

0

-

-

50/5"

14
15

28

13
26

20

12
19

28

8
26

21

12
21

34

8
17

17

DENSE TO VERY DENSE, BROWN, GRAVEL, SOME SAND,
TRACE SILT, TRACE CLAY, DAMP (continued)

VERY DENSE, BROWN AND GRAY-BROWN, GRAVEL,
SOME SAND, TRACE SILT, TRACE CLAY, DAMP
@ 32.5' : Water Added to Assist Drilling

VERY DENSE, BROWN, GRAVEL, "AND" SAND, TRACE
CLAY, MOIST TO WET
@ 37.5' : Water Added to Assist Drilling

@ 42.5' : 1-foot of Sand Heave

@ 45.0' : 2-feet of Sand Heave

-

-

13

-

14

-

-

-

-

NP

-

11

-

-

-

-

NP

-

3

-

-

12

8

10

11

10

10

10

-

-

-

-

-

-

-

A-1-a (V)

A-1-a (V)

A-1-a (0)

A-1-a (V)

A-1-a (0)

A-1-a (V)

A-1-a (V)

-

62

67

68

68

80

49

60

89

83

100

100

100

100

739.0

734.0

725.0

SS-19

SS-20

SS-21

SS-22

SS-23

SS-24

SS-25

START: 5/19/23 END: 5/19/23STATION / OFFSET: 89+60, 64' LT. B-004-2-23PROJECT: MOT-4-19.30PID: 117239 PG 2 OF 2SFN:

741.5 CSGR FS CLSI
DEPTHS SPT/

RQD
MATERIAL DESCRIPTION

AND NOTES LL PL PI WC

HP
(tsf)

ODOT
CLASS (GI)

GRADATION (%) ATTERBERG
N60

REC
(%)

ELEV. HOLE
SEALED

SAMPLE
ID

S
T

A
N

D
A

R
D

 O
D

O
T

 S
O

IL
 B

O
R
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G

 L
O

G
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5 
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H

 D
O

T
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D
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6/
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3
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1 
- 

C
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W
W

O
R

K
IN

G
\E

A
S

T
01

\D
33

30
0

03
\2

0
23

05
1

4_
M

O
T
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-1

9.
30

_B
O

R
IN

G
 L

O
G

S
 -
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E

V
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IT
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A
B

 D
A

T
A

.G
P

J

NOTES: NONE
ABANDONMENT METHODS, MATERIALS, QUANTITIES: POURED 100 LB. BENTONITE CHIPS; TREMIED 25 LB. BENTONITE POWDER;  94 LB. CEMENT; PLACED 50 LB. QUICKCRETE;  55 GAL. WATER

EOB

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46



-

16

-

26

-

16

-

28

-

-

-

-

13

-

-

14

-

-

-

66

-

63

-

42

-

31

-

-

-

-

16

-

-

70

-

-

-

7

-

4

-

14

-

5

-

-

-

-

23

-

-

6

-

-

-

1

-

2

-

9

-

3

-

-

-

-

19

-

-

3

-

-

-

10

-

5

-

19

-

33

-

-

-

-

29

-

-

7

-

-

8
14

11

2
14

14
17

20
30

27
30

37
17

24
22

10
18

14
4

6
13

6
4

3
3

4
3

2
3

2
2

1
4

3
6

6
3

4
8

11
12

11
7

11
12

12
17

22

7
12

11

13 inches Asphalt

DENSE, BROWN, GRAVEL, SOME SAND, TRACE SILT,
TRACE CLAY, DAMP (FILL)

VERY DENSE, BROWN, GRAVEL, SOME SAND, TRACE
SILT, TRACE CLAY, DAMP (FILL)

DENSE, DARK BROWN, BLACK, AND GRAY, GRAVEL WITH
SAND AND SILT, TRACE CLAY, DAMP (FILL - Refuse
Material)

LOOSE TO MEDIUM DENSE, BLACK, SANDY SILT, SOME
GRAVEL, TRACE CLAY, NOTED CINDERS, ASPHALT, GLASS,
METAL, ELECTRIC PLUG, MOIST (FILL - Refuse Material)

@ 15.5' - 17.0' : Organic Odor

STIFF TO VERY STIFF, BLACK, SANDY SILT, LITTLE CLAY,
LITTLE GRAVEL, NOTED GLASS, METAL, DAMP (FILL -
Refuse Material)

DENSE, BROWN, GRAVEL, LITTLE SAND, TRACE SILT,
TRACE CLAY, DAMP

DENSE TO VERY DENSE, BROWN, GRAVEL, "AND" SAND,
TRACE SILT, TRACE CLAY, DAMP

-

19

-

17

-

29

-

25

-

-

-

-

32

-

-

15

-

-

-

15

-

NP

-

20

-

NP

-

-

-

-

26

-

-

18

-

-

-

4

-

NP

-

9

-

NP

-

-

-

-

6

-

-

NP

-

-

10

9

5

6

7

12

13

19

16

27

24

30

21

20

4

5

4

5

-

-

-

-

-

-

-

-

-

-

-

-

2.50

1.00

-

-

-

-

A-1-a (V)

A-1-a (0)

A-1-a (V)

A-1-a (0)

A-1-a (V)

A-2-4 (0)

A-2-4 (V)

A-4a (0)

A-4a (V)

A-4a (V)

A-4a (V)

A-4a (V)

A-4a (3)

A-4a (V)

A-1-a (V)

A-1-a (0)

A-1-a (V)

A-1-a (V)

36

41

72

97

67

46

27

10

10

7

7

17

17

33

33

56

33

89

89

83

100

100

100

89

56

0

89

44

67

33

67

89

78

67

767.0

762.6

759.1

756.6

751.1

746.6

742.6

SS-1

SS-2

SS-3

SS-4

SS-5

SS-6

SS-7A

SS-7B

SS-8

SS-9

SS-10

SS-11

SS-12

SS-13

SS-14

SS-15

SS-16

SS-17

738.1

DRILLING METHOD: 3.25" HSA
START: 5/22/23 END: 5/22/23
PID: 117239

SAMPLING FIRM / LOGGER: HDR / DCM
DRILLING FIRM / OPERATOR: CENTRAL STAR / TS

EOB: 41.5 ft.
HAMMER: AUTOMATIC HAMMER
DRILL RIG: DIEDRICH D-50 TRACK

CALIBRATION DATE: 3/7/22
ALIGNMENT: SR 4

SAMPLING METHOD: SPT

PAGE
1 OF 2

EXPLORATION ID
B-008-0-23

ELEVATION: 768.1 (MSL)

PROJECT: MOT-4-19.30 STATION / OFFSET: 91+52, -26' LT.

LAT / LONG: 39.780288, -84.159458

TYPE: ROADWAY
SFN:

768.1

ENERGY RATIO (%): 86.8

CSGR FS CLSI
DEPTHS SPT/

RQD
MATERIAL DESCRIPTION

AND NOTES LL PL PI WC

HP
(tsf)

ODOT
CLASS (GI)

GRADATION (%) ATTERBERG
N60

REC
(%)

ELEV. HOLE
SEALED

SAMPLE
ID

S
T

A
N

D
A

R
D

 O
D

O
T

 S
O
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 B

O
R
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G
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O
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 D
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2
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W
W

O
R

K
IN

G
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A
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T
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0
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O

R
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O
G

S
 -

 R
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V
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A
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 D
A

T
A

.G
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J

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29



26

-

-

-

8

57

-

-

-

16

10

-

-

-

17

2

-

-

-

23

5

-

-

-

36

9
11

15

7
12

13

7
16

28

4
14

16

19
19

27

DENSE TO VERY DENSE, BROWN, GRAVEL, "AND" SAND,
TRACE SILT, TRACE CLAY, DAMP (continued)
Below 30' : Wet

HARD, GRAY, SANDY SILT, SOME CLAY, LITTLE GRAVEL,
DAMP (Glacial Till)

13

-

-

-

18

NP

-

-

-

12

NP

-

-

-

6

9

11

9

12

10

-

-

-

-

4.50

A-1-a (0)

A-1-a (V)

A-1-a (V)

A-1-a (V)

A-4a (5)

38

36

64

43

67

78

89

89

67

89

728.1

726.6

SS-18

SS-19

SS-20

SS-21

SS-22

START: 5/22/23 END: 5/22/23STATION / OFFSET: 91+52, -26' LT. B-008-0-23PROJECT: MOT-4-19.30PID: 117239 PG 2 OF 2SFN:

738.1 CSGR FS CLSI
DEPTHS SPT/

RQD
MATERIAL DESCRIPTION

AND NOTES LL PL PI WC

HP
(tsf)

ODOT
CLASS (GI)

GRADATION (%) ATTERBERG
N60

REC
(%)

ELEV. HOLE
SEALED

SAMPLE
ID

S
T

A
N

D
A

R
D

 O
D

O
T
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O
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 B
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R
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G
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O

G
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 D
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T
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2
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T
01

\D
33

30
0

03
\2

0
23

05
1

4_
M

O
T

-4
-1

9.
30

_B
O

R
IN

G
 L

O
G

S
 -

 R
E

V
 1

_W
IT

H
 L

A
B

 D
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J

NOTES: NONE
ABANDONMENT METHODS, MATERIALS, QUANTITIES: POURED 100 LB. BENTONITE CHIPS; TREMIED 25 LB. BENTONITE POWDER;  94 LB. CEMENT; PLACED 25 LB. QUICKCRETE;  55 GAL. WATER

EOB

31

32

33

34

35

36

37

38

39

40

41



-

-

11

-

-

-

-

9

16

-

-

-

-

-

-

23

-

-

-

73

-

-

-

-

58

33

-

-

-

-

-

-

59

-

-

-

6

-

-

-

-

15

15

-

-

-

-

-

-

10

-

-

-

3

-

-

-

-

3

-

-

-

-

-

-

-

1

-

-

-

7

-

-

-

-

15

-

-

-

-

-

-

-

7

-

7
8

9
5

9
11

10
14

21
15

19
20

22
17

12
4

10
10

7
5

10
8

5
4

1
2

4
2

3
4

4
2

3
3

5
2

3
2

3
10

13
13

13
13

8

13
14

10

13
10

12

17 inches Asphalt

MEDIUM DENSE, BROWN, GRAVEL, LITTLE SAND, TRACE
SILT, TRACE CLAY, DAMP (FILL)

Below 4.5' : Very Dense

MEDIUM DENSE TO DENSE, BLACK AND DARK BROWN,
GRAVEL WITH SAND, LITTLE SILT, TRACE CLAY, WITH
GLASS, METAL, ASPHALT FRAGMENTS, PLASTIC, DAMP
(FILL - Refuse Material)

LOOSE, BLACK, SANDY SILT, SOME GRAVEL, TRACE
CLAY, WITH GLASS, METAL, ASPHALT FRAGMENTS,
PLASTIC, WET (FILL - Refuse Material)

DENSE, BROWN, GRAVEL, SOME SAND, TRACE SILT,
TRACE CLAY, DAMP

-

-

18

-

-

-

-

28

NP

-

-

-

-

-

-

15

-

-

-

16

-

-

-

-

26

NP

-

-

-

-

-

-

NP

-

-

-

2

-

-

-

-

2

NP

-

-

-

-

-

-

NP

-

10

8

9

7

9

13

-

10

39

34

24

47

17

6

4

8

9

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

A-1-a (V)

A-1-a (V)

A-1-a (0)

A-1-a (V)

A-1-b (V)

A-1-b (V)

A-1-b (V)

A-1-b (0)

A-4a (0)

A-4a (V)

A-4a (V)

A-4a (V)

A-4a (V)

A-1-a (V)

A-1-a (V)

A-1-a (0)

A-1-a (V)

25

29

51

56

42

29

22

13

9

10

7

10

7

38

30

35

32

67

67

56

100

78

67

0

67

17

11

6

6

6

44

78

89

100

762.8

756.2

750.7

743.2

SS-1

SS-2

SS-3

SS-4

SS-5

SS-6

SS-7

SS-8

SS-9

SS-10

SS-11

SS-12

SS-13

SS-14

SS-15

SS-16

SS-17

DRILLING METHOD: 3.25" HSA
START: 5/16/23 END: 5/16/23
PID: 117239

SAMPLING FIRM / LOGGER: HDR / DCM
DRILLING FIRM / OPERATOR: CENTRAL STAR / TS

EOB: 43.0 ft.
HAMMER: AUTOMATIC HAMMER
DRILL RIG: DIEDRICH D-50 TRACK

CALIBRATION DATE: 3/7/22
ALIGNMENT: SR 4

SAMPLING METHOD: SPT

PAGE
1 OF 2

EXPLORATION ID
B-009-0-23

ELEVATION: 764.2 (MSL)

PROJECT: MOT-4-19.30 STATION / OFFSET: 92+90, 59' RT.

LAT / LONG: 39.780282, -84.158882

TYPE: ROADWAY
SFN:

764.2

ENERGY RATIO (%): 86.8

CSGR FS CLSI
DEPTHS SPT/

RQD
MATERIAL DESCRIPTION

AND NOTES LL PL PI WC

HP
(tsf)

ODOT
CLASS (GI)

GRADATION (%) ATTERBERG
N60

REC
(%)

ELEV. HOLE
SEALED

SAMPLE
ID

S
T

A
N

D
A

R
D

 O
D

O
T

 S
O
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 B

O
R
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G

 L
O

G
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X
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 -
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 D
O

T
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D
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2
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C
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W
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R

K
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G
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A
S

T
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\D
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0
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O

R
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A
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 D
A

T
A
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P

J

36

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29



-

42

-

14

13

-

16

-

25

30

-

32

-

21

21

-

2

-

8

10

-

8

-

32

26

13
12

11

9
9

9

6
8

12

2
2

5

DENSE, BROWN, GRAVEL, SOME SAND, TRACE SILT,
TRACE CLAY, DAMP (continued)
Below 30.0' : Water/Bentonite Slurry Added to Assist Drilling and
Prevent Heave

MEDIUM DENSE, BROWN, GRAVEL WITH SAND, TRACE
SILT, TRACE CLAY, MOIST

STIFF, GRAY, SANDY SILT, SOME GRAVEL, TRACE CLAY,
DAMP

@ 41.0' - 43.0' : Sample Slipped Out of Shelby Tube (Disturbed).
Sample Jarred for Testing.

-

12

-

17

15

-

NP

-

11

10

-

NP

-

6

5

8

16

12

11

11

-

-

-

-

-

A-1-a (V)

A-1-b (0)

A-4a (V)

A-4a (1)

A-4a (0)

33

26

29

10

89

100

100

89

50

730.7

728.2

721.2

SS-18

SS-19

SS-20

SS-21

ST-22

START: 5/16/23 END: 5/16/23STATION / OFFSET: 92+90, 59' RT. B-009-0-23PROJECT: MOT-4-19.30PID: 117239 PG 2 OF 2SFN:

734.2 CSGR FS CLSI
DEPTHS SPT/

RQD
MATERIAL DESCRIPTION

AND NOTES LL PL PI WC

HP
(tsf)

ODOT
CLASS (GI)

GRADATION (%) ATTERBERG
N60

REC
(%)

ELEV. HOLE
SEALED

SAMPLE
ID

S
T

A
N

D
A

R
D

 O
D

O
T
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O
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 B
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R
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O
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 D
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2
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T
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\2

0
23

05
1

4_
M

O
T

-4
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R
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 D
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T
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J

NOTES: NONE
ABANDONMENT METHODS, MATERIALS, QUANTITIES: POURED 100 LB. BENTONITE CHIPS; TREMIED 25 LB. BENTONITE POWDER;  94 LB. CEMENT; PLACED 50 LB. QUICKCRETE;  55 GAL. WATER

EOB

31

32

33

34

35

36

37

38

39

40

41

42

43



29

20

-

-

14

-

-

23

-

-

50

-

42

-

-

29

38

58

-

-

57

-

-

60

-

-

34

-

48

-

-

59

15

8

-

-

9

-

-

10

-

-

9

-

7

-

-

9

5

3

-

-

4

-

-

1

-

-

2

-

3

-

-

1

13

11

-

-

16

-

-

6

-

-

5

-

0

-

-

2

38
12

14
12

11
28

8
9

6
8

14
21

11
8

6
5

2
1

1
0

3
4

1
1

3
1

2
2

1
4

2
1

2
3

3
3

8
12

20
11

8
6

2
3

3

5

30 inches Asphalt
12 inches Concrete

DENSE, BROWN, GRAVEL WITH SAND, LITTLE SILT,
TRACE CLAY, DAMP (FILL)

MEDIUM DENSE TO DENSE, BROWN, GRAVEL, SOME
SAND, LITTLE SILT, TRACE CLAY, DAMP (FILL)

VERY DENSE, BLACK TO DARK BROWN, GRAVEL WITH
SAND, LITTLE SILT, TRACE CLAY, NOTED GLASS BRICK,
AND ASPHALT, DAMP (FILL - Refuse Material)

LOOSE TO MEDIUM DENSE, DARK BROWN, GRAVEL,
SOME SAND, TRACE SILT, TRACE CLAY, NOTED GLASS AND
ASPHALT, MOIST (FILL - Refuse Material)

@ 14.0' - 15.5' : Cinders

LOOSE, DARK BROWN, ORANGE, AND BLACK, GRAVEL
WITH SAND, TRACE SILT, TRACE CLAY, NOTED ASPHALT,
GLASS, WOOD, METAL WIRE, AND PETROLEUM ODOR,
WET (FILL - Refuse Material)

@ 18.5' - 20.0' : Missed Sample (Over-Augered and Miscounted
Tooling)

MEDIUM DENSE TO DENSE, DARK BROWN, ORANGE, AND
BLACK, GRAVEL WITH SAND AND SILT, TRACE CLAY,
NOTED ASPHALT, GLASS, WOOD, METAL WIRE, AND
PETROLEUM ODOR, MOIST TO WET (FILL - Refuse Material)

LOOSE TO MEDIUM DENSE, BROWN, GRAVEL, "AND"
SAND, TRACE SILT, TRACE CLAY, MOIST TO WET

12

21

-

-

23

-

-

38

-

-

24

-

38

-

-

14

NP

19

-

-

17

-

-

NP

-

-

NP

-

29

-

-

NP

NP

2

-

-

6

-

-

NP

-

-

NP

-

9

-

-

NP

7

7

8

21

9

13

-

18

15

22

17

20

22

16

10

13

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

A-1-b (0)

A-1-a (0)

A-1-a (V)

A-1-b (V)

A-1-b (0)

A-1-a (V)

A-1-a (V)

A-1-a (0)

A-1-a (V)

A-1-b (V)

A-1-b (0)

A-1-b (V)

A-2-4 (0)

A-2-4 (V)

A-1-a (V)

A-1-a (0)

38

56

22

51

20

4

4

3

4

7

4

9

46

20

9

78

78

100

78

100

0

44

33

44

78

17

67

22

44

67

759.5

758.0

755.5

753.5

747.5

741.5

738.0

SS-1

SS-2

SS-3A

SS-3B

SS-4

SS-5

SS-6

SS-7

SS-8

SS-9

SS-10

SS-11

SS-12

SS-13

SS-14

SS-15

736.0

DRILLING METHOD: 3.25" HSA
START: 5/17/23 END: 5/17/23
PID: 117239

SAMPLING FIRM / LOGGER: HDR / DCM
DRILLING FIRM / OPERATOR: CENTRAL STAR / TS

EOB: 45.3 ft.
HAMMER: AUTOMATIC HAMMER
DRILL RIG: DIEDRICH D-50 TRACK

CALIBRATION DATE: 3/7/22
ALIGNMENT: RAMP K

SAMPLING METHOD: SPT

PAGE
1 OF 2

EXPLORATION ID
B-010-0-23

ELEVATION: 763.0 (MSL)

PROJECT: MOT-4-19.30 STATION / OFFSET: 8+21, 14' RT.

LAT / LONG: 39.779882, -84.158816

TYPE: ROADWAY
SFN:

763.0

ENERGY RATIO (%): 86.8
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LOOSE TO MEDIUM DENSE, BROWN, GRAVEL, "AND"
SAND, TRACE SILT, TRACE CLAY, MOIST TO WET (continued)

STIFF TO VERY STIFF, GRAY, SANDY SILT, LITTLE CLAY,
LITTLE GRAVEL, MOIST

@ 34.5' - 35.0' : Attempted Shelby Tube.  Pushed 6 inches to
Refusal. Zero Recovery.
MEDIUM DENSE, BROWN, GRAVEL WITH SAND, LITTLE
SILT, LITTLE CLAY, WET
MEDIUM DENSE TO DENSE, BROWN TO
GRAYISH-BROWN, GRAVEL WITH SAND, TRACE SILT,
TRACE CLAY, WET
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START: 5/17/23 END: 5/17/23STATION / OFFSET: 8+21, 14' RT. B-010-0-23PROJECT: MOT-4-19.30PID: 117239 PG 2 OF 2SFN:

733.0 CSGR FS CLSI
DEPTHS SPT/

RQD
MATERIAL DESCRIPTION

AND NOTES LL PL PI WC
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NOTES: NONE
ABANDONMENT METHODS, MATERIALS, QUANTITIES: POURED 200 LB. BENTONITE CHIPS; TREMIED 25 LB. BENTONITE POWDER;  94 LB. CEMENT; PLACED 25 LB. QUICKCRETE;  55 GAL. WATER
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DENSE TO VERY DENSE, BROWN, GRAVEL, LITTLE SAND,
TRACE SILT, TRACE CLAY, DAMP (FILL)

@ 7.0' - 10.0' : Wet / Saturated

MEDIUM DENSE TO DENSE, BLACK, GRAVEL WITH SAND,
LITTLE SILT, TRACE CLAY, WITH ASPHALT FRAGMENTS,
MOIST TO WET (FILL - Refuse Material)

DENSE TO VERY DENSE, BROWN, GRAVEL, SOME SAND,
TRACE CLAY, TRACE SILT, DAMP

MEDIUM DENSE TO DENSE, BROWN, GRAVEL, "AND"
SAND, TRACE SILT, WET
@ 23.0' - 24.0' : Orange-Brown
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DRILLING METHOD: 3.25" HSA
START: 5/17/23 END: 5/17/23
PID: 117239

SAMPLING FIRM / LOGGER: HDR / DCM
DRILLING FIRM / OPERATOR: CENTRAL STAR / TS

EOB: 34.0 ft.
HAMMER: AUTOMATIC HAMMER
DRILL RIG: DIEDRICH D-50 TRACK

CALIBRATION DATE: 3/7/22
ALIGNMENT: SR 4

SAMPLING METHOD: SPT

PAGE
1 OF 2

EXPLORATION ID
B-011-0-23

ELEVATION: 761.5 (MSL)

PROJECT: MOT-4-19.30 STATION / OFFSET: 96+04, 65' RT.

LAT / LONG: 39.780667, -84.157898

TYPE: ROADWAY
SFN:

761.5

ENERGY RATIO (%): 86.8

CSGR FS CLSI
DEPTHS SPT/

RQD
MATERIAL DESCRIPTION

AND NOTES LL PL PI WC
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MEDIUM DENSE TO DENSE, BROWN, GRAVEL, "AND"
SAND, TRACE SILT, WET (continued)
@ 31.0' - 31.5' : Orange Brown

DENSE, BROWN, COARSE AND FINE SAND, LITTLE SILT,
TRACE CLAY, TRACE GRAVEL, WET
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START: 5/17/23 END: 5/17/23STATION / OFFSET: 96+04, 65' RT. B-011-0-23PROJECT: MOT-4-19.30PID: 117239 PG 2 OF 2SFN:

731.5 CSGR FS CLSI
DEPTHS SPT/

RQD
MATERIAL DESCRIPTION

AND NOTES LL PL PI WC
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NOTES: NONE
ABANDONMENT METHODS, MATERIALS, QUANTITIES: TREMIED 25 LB. BENTONITE POWDER;  94 LB. CEMENT; PLACED 25 LB. QUICKCRETE;  55 GAL. WATER
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Top Bottom

Asphalt 12 inches

Total Thickness: 12 inches

B-001-1-23

MOT-4-19.30    PID 117239



Top Bottom

Asphalt 14 inches

Total Thickness: 14 inches

B-003-1-23

MOT-4-19.30    PID 117239



Top Bottom

Asphalt 27 inches

Total Thickness: 27 inches

B-004-1-23

MOT-4-19.30    PID 117239

Match Line

Match Line



Top Bottom

Asphalt 10 inches Portland Cement 8 inches

Total Thickness: 18 inches

B-004-2-23

MOT-4-19.30    PID 117239



Top Bottom

Asphalt 13 inches

Total Thickness: 13 inches

B-008-0-23

MOT-4-19.30    PID 117239
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Top Bottom

Asphalt 17 inches

Total Thickness: 17 inches
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Top Bottom

Asphalt 12 inches

Total Thickness: 12 inches

B-011-0-23

MOT-4-19.30    PID 117239
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Appendix E. Geotechnical Plan and Profile Sheets
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Appendix F. Analyses 
 

Current Areas of Noted Pavement Deflection 

Determination of Soil Strength Parameters 

Grain Size of Existing Embankment Material (approximately upper 6 feet) 

Potential Void Analysis 

Undercut and Replacement with Geogrid Reinforcement 

CBR Determination 
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Current Areas of Noted Pavement Deflection 
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Determination of Soil Strength Parameters 

  



Chagrin Valley Engineering, LTD

MOT-4-19.30

Soil Strength Parameter Determination Computed By = DCM 

Checked By = DMV

Layer Tested

Sowers T and P Values Correlation Tested Correlation Tested Cohesion (psf) phi (deg)

Max N/A N/A N/A 125 140 Max 97 N/A 41

Min N/A N/A N/A 95 115 Su= 0 psf Min 7 N/A 29 c' = 0 psf

Layer 1 Average N/A N/A N/A 112 128 Ф = 36 deg Average 43 N/A 36 Ф' = 36 deg

Std Dev N/A N/A N/A 9 7 Std Dev 23 N/A 4

Ydry = 110 pcf Ydry = 110 pcf

Avg + Std N/A N/A N/A 120 135 Ymoist = 130 pcf Avg + Std 66 N/A 39 Ymoist = 130 pcf

Avg - Std N/A N/A N/A 103 121 Avg - Std 19 N/A 32

Max N/A N/A N/A 125 140 Max 132 N/A 40

Min N/A N/A N/A 100 120 Su = 0 psf Min 3 N/A 24 c' = 0 psf

Layer 2 Average N/A N/A N/A 113 132 Ф = 24 deg Average 26 N/A 32 Ф' = 24 deg

Std Dev N/A N/A N/A 7 6 Std Dev 22 N/A 4

Ydry = 110 pcf Ydry = 110 pcf

Avg + Std N/A N/A N/A 120 137 Ymoist = 130 pcf Avg + Std 48 N/A 36 Ymoist = 130 pcf

Avg - Std N/A N/A N/A 106 126 Avg - Std 4 N/A 28

Max N/A N/A N/A 130 150 Max 84 N/A 41

Min N/A N/A N/A 110 130 Su = 0 psf Min 9 N/A 30 c' = 0 psf

Layer 3 Average N/A N/A N/A 121 139 Ф = 36 deg Average 41 N/A 36 Ф' = 36 deg

Std Dev N/A N/A N/A 4 4 Std Dev 17 N/A 3

Ydry = 120 pcf Ydry = 120 pcf

Avg + Std N/A N/A N/A 125 143 Ymoist = 140 pcf Avg + Std 58 N/A 39 Ymoist = 140 pcf

Avg - Std N/A N/A N/A 116 136 Avg - Std 24 N/A 33

Max 4500 4000 4000 135 145 Max 67 250 28

Min 4500 750 1330 115 130 Su = 2500 psf Min 10 114 23 c' = 180 psf

Layer 4 Average 4500 2308 3062 123 137 Ф = 0 deg Average 35 187 25 Ф' = 25 deg

Std Dev N/A 1629 1502 10 8 Std Dev 29 69 3

Ydry = 125 pcf Ydry = 125 pcf

Avg + Std N/A 3937 4564 134 144 Ymoist = 135 pcf Avg + Std 64 256 28 Ymoist = 135 pcf

Avg - Std N/A 679 1560 113 129 Avg - Std 6 118 23

Adopted Long Term Strength 

Parameters 

PPR
N-values

Adopted Short Term Parameters

Long-Term Strength Values

ODOT GB-7 Correlations
N60 Value

Undrained Shear Strength (Su) (psf) Dry Unit Weight (pcf)

GRANULAR EMBANKMENT FILL

GRANULAR SOILS

COHESIVE SOILS

Moist Unit Wt. (pcf)

REFUSE MATERIAL



Chagrin Valley Engineering, LTD

MOT-4-19.30

Soil Strength Parameter Determination Computed By = DCM 

Checked By = DMV

Correlated Correlated Correlated 

LT Cohesion Midpoint Midpoint Dry Unit Wt. Moist Unit Wt. Assumed Computed 

% % % % % % % (psf) phi Sample Sample (pcf) (pcf) Correlated Specific Void

N60 Rec HP Gr CS FS Silt Clay LL PL PI WC PPR Sowers T & P per GB-7 (deg) Depth (ft.) Elevation (ft.) per GB-7 per GB-7 Cc Gravity (Gs) Ratio (e)

Max 97 100 2.0 84 37 15 19 10 27 21 8 16 Max N/A N/A N/A N/A 41 16.0 770.6 125 140 0.153 2.71 0.780

Value Min 7 6 0.5 38 1 1 1 1 12 13 2 4 Min N/A N/A N/A N/A 29 2.0 752.5 95 115 0.018 2.65 0.353

0.25 Average 43 71 1.4 61 20 6 9 3 19 16 5 8 Average N/A N/A N/A N/A 36 6.7 762.1 112 128 0.085 2.71 0.525

0.175 Std Dev 23 22 0.7 12 9 4 5 2 4 2 2 3 Std Dev N/A N/A N/A N/A 4 3.6 4.3 9 7 0.037 0.01 0.122

0.075

0.133 Avg + Std 66 93 2.1 73 29 10 14 6 24 18 7 11 Avg + Std N/A N/A N/A N/A 39 10.4 766.4 120 135 0.122 2.72 0.647

Avg - Std 19 49 0.7 49 10 2 4 1 15 14 3 5 Avg - Std N/A N/A N/A N/A 32 3.1 757.8 103 121 0.048 2.70 0.403

Omitted: B-001-1-23, SS-8A

Correlated Correlated Correlated 

LT Cohesion Midpoint Midpoint Dry Unit Wt. Moist Unit Wt. Assumed Computed 

Sample % % % % % % % ODOT (psf) phi Sample Sample (pcf) (pcf) Correlated Specific Void

Alignment Surface Elevation Exploration ID From To ID N60 Rec HP Gr CS FS Silt Clay LL PL PI WC Class. Soil Type Layer PPR Sowers T & P per GB-7 (deg) Depth (ft.) Elevation (ft.) per GB-7 per GB-7 Cc Gravity (Gs) Ratio (e)

Ramp J 772.6 B-001-1-23 1 - 2.5 SS-1 29 61 - 68 21 4 5 2 15 15 NP 7 A-1-a Granular 1 N/A 34 2.0 770.6 100 120 0.045 2.71 0.691

Ramp J 772.6 B-001-1-23 3 - 4.5 SS-2 7 44 - - - - - - - - - 5 A-1-a Granular 1 N/A 29 4.0 768.6 95 115 2.71 0.780

Ramp J 772.6 B-001-1-23 4.5 - 6 SS-3 25 56 1.5 54 17 6 13 10 27 21 6 15 A-1-b Granular 1 N/A 33 5.0 767.6 100 120 0.153 2.71 0.691

Ramp J 772.6 B-001-1-23 6 - 7.5 SS-4 19 39 2 - - - - - - - - 16 A-1-b Granular 1 N/A 32 7.0 765.6 105 125 2.71 0.611

Ramp J 772.6 B-001-1-23 7.5 - 9 SS-5 17 56 - 67 20 8 1 4 25 18 7 8 A-2-4 Granular 1 N/A 31 8.0 764.6 105 125 0.135 2.71 0.611

Ramp J 772.6 B-001-1-23 9 - 10.5 SS-6 9 33 2 - - - - - - - - 16 A-1-b Granular 1 N/A 30 10.0 762.6 100 120 2.71 0.691

Ramp J 772.6 B-001-1-23 10.5 - 12 SS-7 10 67 0.5 42 37 4 14 3 26 NP NP 14 A-1-b Granular 1 N/A 30 11.0 761.6 105 125 0.144 2.71 0.611

Ramp J 772.6 B-001-1-23 12 - 13 SS-8A 27 78 1 - - - - - - - - 11 A-1-b Granular 1 N/A 33 13.0 759.6 110 130 2.71 0.537

Ramp J 772.6 B-001-1-23 13 - 13.5 SS-8B - - - - - - - - - - - 8 A-1-a Granular 1 N/A 13.0 759.6 125 2.71 0.353

Ramp J 772.6 B-001-1-23 13.5 - 15 SS-9 59 56 - - - - - - - - - 6 A-1-a Granular 1 N/A 39 14.0 758.6 125 140 2.71 0.353

Ramp J 772.6 B-001-1-23 15 - 16.5 SS-10 27 67 - 67 21 4 5 3 20 15 5 5 A-1-a Granular 1 N/A 33 16.0 756.6 110 130 0.09 2.71 0.537

EB SR 4 770.9 B-002-1-23 1.75 - 2.25 SS-1A 39 89 - - - - - - - - - 15 A-3a Granular 1 N/A 35 2.0 768.9 110 125 2.65 0.503

EB SR 4 770.9 B-002-1-23 2.25 - 3.25 SS-1B - - - - - - - - - - - 11 A-2-4 Granular 1 N/A 3.0 767.9 115 2.71 0.470

EB SR 4 770.9 B-002-1-23 3.5 - 5 SS-2 46 89 - - - - - - - - - 10 A-2-4 Granular 1 N/A 36 4.0 766.9 110 125 2.71 0.537

EB SR 4 770.9 B-002-1-23 5 - 6.5 SS-3 52 100 - 39 26 10 19 6 21 13 8 8 A-2-4 Granular 1 N/A 39 6.0 764.9 120 135 0.099 2.71 0.409

EB SR 4 770.9 B-002-1-23 6.5 - 8 SS-4 56 100 - - - - - - - - - 5 A-2-4 Granular 1 N/A 39 7.0 763.9 120 135 2.71 0.409

EB SR 4 770.9 B-002-1-23 8 - 9.5 SS-5 74 100 - - - - - - - - - 7 A-2-4 Granular 1 N/A 40 9.0 761.9 120 135 2.71 0.409

EB SR 4 770.9 B-002-1-23 9.5 - 11 SS-6 93 100 - - - - - - - - - 4 A-1-a Granular 1 N/A 40 10.0 760.9 120 135 2.71 0.409

EB SR 4 770.9 B-002-1-23 11 - 12.5 SS-7 72 100 - 60 29 4 5 2 20 15 5 5 A-1-a Granular 1 N/A 40 12.0 758.9 125 140 0.09 2.71 0.353

EB SR 4 770.9 B-002-1-23 12.5 - 14 SS-8 75 89 - - - - - - - - - 5 A-1-a Granular 1 N/A 41 13.0 757.9 125 140 2.71 0.353

EB SR 4 770.9 B-002-1-23 14 - 15.5 SS-9 97 89 - - - - - - - - - 10 A-1-a Granular 1 N/A 40 15.0 755.9 125 140 2.71 0.353

Ramp J 768.2 B-002-2-23 0.75 - 2.25 SS-1 36 78 - - - - - - - - - 10 A-1-b Granular 1 N/A 35 2.0 766.2 110 125 2.71 0.537

Ramp J 768.2 B-002-2-23 2.5 - 4 SS-2 17 56 - 79 2 1 - - NP NP NP 6 A-1-b Granular 1 N/A 31 3.0 765.2 100 120 N/A 2.71 0.691

Ramp L 770.3 B-003-1-23 1.2 - 2.7 SS-1 22 44 - 48 23 12 15 2 16 NP NP 10 A-1-b Granular 1 N/A 32 2.0 768.3 100 120 0.054 2.71 0.691

Ramp L 770.3 B-003-1-23 3 - 4.5 SS-2 19 6 - - - - - - - - - 4 A-1-b Granular 1 N/A 32 4.0 766.3 100 120 2.71 0.691

Ramp L 770.3 B-003-1-23 4.5 - 6 SS-3 29 17 - - - - - - - - - 4 A-1-b Granular 1 N/A 34 5.0 765.3 100 120 2.71 0.691

Ramp L 770.3 B-003-1-23 6 - 7.5 SS-4 33 44 - - - - - - - - - 5 A-1-b Granular 1 N/A 34 7.0 763.3 115 130 2.71 0.470

Ramp L 770.3 B-003-1-23 7.5 - 9 SS-5 27 56 - 62 15 11 8 4 15 NP NP 5 A-1-a Granular 1 N/A 33 8.0 762.3 105 125 0.045 2.71 0.611

EB SR 4 768.1 B-004-1-23 2.25 - 3.75 SS-1 20 67 - - - - - - - - - 9 A-1-a Granular 1 N/A 32 3.0 765.1 100 120 2.71 0.691

EB SR 4 768.1 B-004-1-23 4 - 5.5 SS-2 12 56 - 84 1 1 - - NP NP NP 5 A-1-a Granular 1 N/A 30 5.0 763.1 100 120 N/A 2.71 0.691

EB SR 4 768.1 B-004-1-23 5.5 - 7 SS-3 36 78 - - - - - - - - - 8 A-2-4 Granular 1 N/A 35 6.0 762.1 115 130 2.71 0.470

EB SR 4 768.1 B-004-1-23 7 - 8.5 SS-4 32 78 - 64 6 3 - - NP NP NP 7 A-2-4 Granular 1 N/A 34 8.0 760.1 115 130 N/A 2.71 0.470

EB SR 4 768.1 B-004-1-23 8.5 - 10 SS-5 42 78 - - - - - - - - - 6 A-2-4 Granular 1 N/A 35 9.0 759.1 115 130 2.71 0.470

EB SR 4 768.1 B-004-1-23 10 - 11.5 SS-6 74 78 - - - - - - - - - 5 A-2-4 Granular 1 N/A 40 11.0 757.1 125 140 2.71 0.353

WB SR 4 771.5 B-004-2-23 1.5 - 3 SS-1 20 56 - - - - - - - - - 11 A-1-a Granular 1 N/A 32 2.0 769.5 100 120 2.71 0.691

WB SR 4 771.5 B-004-2-23 3 - 4.5 SS-2 27 56 - 63 27 3 5 2 21 16 5 9 A-1-a Granular 1 N/A 33 4.0 767.5 100 120 0.099 2.71 0.691

WB SR 4 771.5 B-004-2-23 4.5 - 6 SS-3 33 78 - - - - - - - - - 6 A-1-a Granular 1 N/A 34 5.0 766.5 110 125 2.71 0.537

WB SR 4 771.5 B-004-2-23 6 - 7.5 SS-4 30 56 - - - - - - - - - 6 A-1-a Granular 1 N/A 34 7.0 764.5 105 125 2.71 0.611

WB SR 4 771.5 B-004-2-23 7.5 - 9 SS-5 32 67 - - - - - - - - - 4 A-1-a Granular 1 N/A 34 8.0 763.5 115 130 2.71 0.470

WB SR 4 771.5 B-004-2-23 9 - 10.5 SS-6 52 78 - - - - - - - - - 7 A-1-a Granular 1 N/A 39 10.0 761.5 120 135 2.71 0.409

WB SR 4 768.1 B-008-0-23 1.1 - 2.6 SS-1 36 89 - - - - - - - - - 10 A-1-a Granular 1 N/A 35 2.0 766.1 110 125 2.71 0.537

WB SR 4 768.1 B-008-0-23 3.5 - 5 SS-2 41 89 - 66 16 7 10 1 19 15 4 9 A-1-a Granular 1 N/A 35 4.0 764.1 110 125 0.081 2.71 0.537

WB SR 4 768.1 B-008-0-23 5 - 6.5 SS-3 72 83 - - - - - - - - - 5 A-1-a Granular 1 N/A 40 6.0 762.1 120 135 2.71 0.409

WB SR 4 768.1 B-008-0-23 6.5 - 8 SS-4 97 100 - 63 26 4 5 2 17 NP NP 6 A-1-a Granular 1 N/A 40 7.0 761.1 120 135 0.063 2.71 0.409

WB SR 4 768.1 B-008-0-23 8 - 9.5 SS-5 67 100 - - - - - - - - - 7 A-1-a Granular 1 N/A 40 9.0 759.1 120 135 2.71 0.409

EB SR 4 764.2 B-009-0-23 1.4 - 2.9 SS-1 25 67 - - - - - - - - - 10 A-1-a Granular 1 N/A 33 2.0 762.2 100 120 2.71 0.691

EB SR 4 764.2 B-009-0-23 3 - 4.5 SS-2 29 67 - - - - - - - - - 8 A-1-a Granular 1 N/A 34 4.0 760.2 100 120 2.71 0.691

EB SR 4 764.2 B-009-0-23 4.5 - 6 SS-3 51 56 - 73 11 6 7 3 18 16 2 9 A-1-a Granular 1 N/A 38 5.0 759.2 115 130 0.072 2.71 0.470

EB SR 4 764.2 B-009-0-23 6 - 7.5 SS-4 56 100 - - - - - - - - - 7 A-1-a Granular 1 N/A 39 7.0 757.2 120 135 2.71 0.409

Ramp K 763.0 B-010-0-23 3.5 - 5 SS-1 38 78 - 38 29 15 13 5 12 NP NP 7 A-1-b Granular 1 N/A 35 4.0 759.0 110 125 0.018 2.71 0.537

Ramp K 763.0 B-010-0-23 5 - 6.5 SS-2 56 78 - 58 20 8 11 3 21 19 2 7 A-1-a Granular 1 N/A 39 6.0 757.0 120 135 0.099 2.71 0.409

Ramp K 763.0 B-010-0-23 6.5 - 7.5 SS-3A 22 100 - - - - - - - - - 8 A-1-a Granular 1 N/A 32 7.0 756.0 105 125 2.71 0.611

EB SR 4 761.5 B-011-0-23 1 - 2.5 SS-1 43 89 - - - - - - - - - 7 A-1-a Granular 1 N/A 35 2.0 759.5 110 125 2.71 0.537

EB SR 4 761.5 B-011-0-23 2.5 - 4 SS-2 54 83 - 63 25 5 5 2 18 15 3 7 A-1-a Granular 1 N/A 39 3.0 758.5 115 130 0.072 2.71 0.470

EB SR 4 761.5 B-011-0-23 4 - 5.5 SS-3 80 100 - - - - - - - - - 9 A-1-a Granular 1 N/A 41 5.0 756.5 115 130 2.71 0.470

EB SR 4 761.5 B-011-0-23 5.5 - 7 SS-4 62 78 - - - - - - - - - 5 A-1-a Granular 1 N/A 40 6.0 755.5 120 135 2.71 0.409

EB SR 4 761.5 B-011-0-23 7 - 8.5 SS-5 56 44 - - - - - - - - - 9 A-1-a Granular 1 N/A 39 8.0 753.5 120 135 2.71 0.409

EB SR 4 761.5 B-011-0-23 8.5 - 10 SS-6 80 44 - - - - - - - - - 9 A-1-a Granular 1 N/A 41 9.0 752.5 120 135 2.71 0.409

T&P

Short-Term Cohesion (psf)

Values for Soil Strength Correlation

Reference

HI PI (Sowers)

MD PI (Sowers)

LO PI (Sowers)

Layer 1 Short-Term Cohesion (psf)

N-values

N-values



Chagrin Valley Engineering, LTD

MOT-4-19.30

Soil Strength Parameter Determination Computed By = DCM 

Checked By = DMV

Correlated Correlated Correlated 

LT Cohesion Midpoint Midpoint Dry Unit Wt. Moist Unit Wt. Assumed Computed 

% % % % % % % (psf) phi Sample Sample (pcf) (pcf) Correlated Specific Void

N60 Rec HP Gr CS FS Silt Clay LL PL PI WC PPR Sowers T & P per GB-7 (deg) Depth (ft.) Elevation (ft.) per GB-7 per GB-7 Cc Gravity (Gs) Ratio (e)

Max 132 100 4.5 70 50 37 33 9 38 29 9 47 Max N/A N/A N/A N/A 40 27.0 760.5 125 140 0.252 2.72 0.691

Value Min 3 0 0.3 25 6 3 0 0 17 15 2 5 Min N/A N/A N/A N/A 24 8.0 739.0 100 120 0.063 2.65 0.353

0.25 Average 26 54 2.4 48 22 11 13 4 26 20 5 16 Average N/A N/A N/A N/A 32 17.2 750.8 113 132 0.140 2.71 0.500

0.175 Std Dev 22 33 2.1 13 10 7 7 2 6 4 2 8 Std Dev N/A N/A N/A N/A 4 5.1 4.9 7 6 0.051 0.01 0.097

0.075

0.133 Avg + Std 48 86 4.5 61 32 17 20 6 31 24 8 24 Avg + Std N/A N/A N/A N/A 36 22.3 755.8 120 137 0.190 2.72 0.598

Omitted: B-001-1-23 SS-14B Avg - Std 4 21 0.3 35 12 4 5 2 20 16 3 8 Avg - Std N/A N/A N/A N/A 28 12.1 745.9 106 126 0.089 2.70 0.403

B-002-2-23 SS-3, SS-4, SS-7

B-004-2-23 SS-16 Correlated Correlated Correlated 

B-008-0-23 SS-11, SS-12, SS-13 LT Cohesion Midpoint Midpoint Dry Unit Wt. Moist Unit Wt. Assumed Computed 

Sample % % % % % % % ODOT (psf) phi Sample Sample (pcf) (pcf) Correlated Specific Void

Alignment Surface Elevation Exploration ID From To ID N60 Rec HP Gr CS FS Silt Clay LL PL PI WC Class. Soil Type Layer PPR Sowers T & P per GB-7 (deg) Depth (ft.) Elevation (ft.) per GB-7 per GB-7 Cc Gravity (Gs) Ratio (e)

Ramp J 772.6 B-001-1-23 16.5 - 18 SS-11 49 33 - - - - - - - - - 7 A-1-b Granular 2 N/A 36 17.0 755.6 120 135 2.71 0.409

Ramp J 772.6 B-001-1-23 18 - 19.5 SS-12 56 67 - 61 17 6 11 5 25 20 5 9 A-1-b Granular 2 N/A 39 19.0 753.6 125 140 0.135 2.71 0.353

Ramp J 772.6 B-001-1-23 19.5 - 19.9 SS-13 50/5" 100 - - - - - - - - - 9 A-1-b Granular 2 N/A 40 20.0 752.6 125 140 2.71 0.353

Ramp J 772.6 B-001-1-23 21 - 22 SS-14A 12 100 - - - - - - - - - 18 A-3 Granular 2 N/A 30 22.0 750.6 115 135 2.65 0.438

EB SR 4 770.9 B-002-1-23 15.5 - 15.92 SS-10 50/5" 100 - - - - - - - - - 10 A-1-a Granular 2 N/A 40 16.0 754.9 125 140 2.71 0.353

EB SR 4 770.9 B-002-1-23 17 - 18.5 SS-11 132 89 - 50 30 8 7 5 21 15 6 9 A-1-a Granular 2 N/A 40 18.0 752.9 125 140 0.099 2.71 0.353

EB SR 4 770.9 B-002-1-23 18.5 - 20 SS-12 32 33 - - - - - - - - - 13 A-1-a Granular 2 N/A 34 19.0 751.9 120 135 2.71 0.409

EB SR 4 770.9 B-002-1-23 20 - 21.5 SS-13 23 89 - - - - - - - - - 19 A-1-a Granular 2 N/A 33 21.0 749.9 115 135 2.71 0.470

EB SR 4 770.9 B-002-1-23 21.5 - 23 SS-14 16 56 - - - - - - - - - 12 A-1-a Granular 2 N/A 31 22.0 748.9 115 135 2.71 0.470

EB SR 4 770.9 B-002-1-23 23 - 24.5 SS-15 10 89 - 25 18 15 - - NP NP NP 12 A-4a NP SILT 2 N/A 25 24.0 746.9 110 130 N/A 2.72 0.543

EB SR 4 770.9 B-002-1-23 24.5 - 26 SS-16 12 17 - - - - - - - - NP 20 A-4a NP SILT 2 N/A 25 25.0 745.9 115 135 2.72 0.476

EB SR 4 770.9 B-002-1-23 26 - 27.5 SS-17 29 56 - - - - - - - - NP 10 A-4a NP SILT 2 N/A 29 27.0 743.9 115 135 2.72 0.476

Ramp L 770.3 B-003-1-23 9 - 10.5 SS-6 33 61 - 70 16 5 6 3 17 17 NP 5 A-1-a Granular 2 N/A 34 10.0 760.3 115 130 0.063 2.71 0.470

Ramp L 770.3 B-003-1-23 10.5 - 12 SS-7 41 78 - - - - - - - - - 7 A-2-4 Granular 2 N/A 35 11.0 759.3 120 135 2.71 0.409

Ramp L 770.3 B-003-1-23 12 - 13.5 SS-8 46 22 - - - - - - - - - 9 A-2-4 Granular 2 N/A 36 13.0 757.3 120 135 2.71 0.409

Ramp L 770.3 B-003-1-23 13.5 - 15 SS-9 30 78 - 33 25 15 23 4 17 NP NP 10 A-2-4 Granular 2 N/A 34 14.0 756.3 110 130 0.063 2.71 0.537

Ramp L 770.3 B-003-1-23 15 - 16.5 SS-10 20 33 - - - - - - - - - 23 A-2-4 Granular 2 N/A 32 16.0 754.3 110 130 2.71 0.537

Ramp L 770.3 B-003-1-23 16.5 - 18 SS-11 19 44 - 32 19 14 - - NP NP NP 31 A-2-4 Granular 2 N/A 32 17.0 753.3 110 130 N/A 2.71 0.537

Ramp L 770.3 B-003-1-23 18 - 19.5 SS-12 20 33 - 52 29 8 8 3 28 NP NP 11 A-1-a Granular 2 N/A 32 19.0 751.3 110 130 0.162 2.71 0.537

Ramp L 770.3 B-003-1-23 19.5 - 21 SS-13 25 17 - - - - - - - - - 11 A-1-a Granular 2 N/A 33 20.0 750.3 110 130 2.71 0.537

Ramp L 770.3 B-003-1-23 21 - 22.5 SS-14 7 17 - - - - - - - - - 25 A-1-a Granular 2 N/A 29 22.0 748.3 110 130 2.71 0.537

Ramp L 770.3 B-003-1-23 22.5 - 24 SS-15 13 33 - - - - - - - - - 18 A-1-a Granular 2 N/A 31 23.0 747.3 115 135 2.71 0.470

Ramp L 770.3 B-003-1-23 24 - 25.5 SS-16 14 56 - 64 6 3 - - NP NP NP 6 A-2-4 Granular 2 N/A 31 25.0 745.3 115 135 N/A 2.71 0.470

Ramp L 770.3 B-003-1-23 25.5 - 27 SS-17 10 44 - - - - - - - - - 16 A-2-4 Granular 2 N/A 30 26.0 744.3 110 130 2.71 0.537

EB SR 4 768.1 B-004-1-23 11.5 - 13 SS-7 95 100 - 56 15 11 15 3 23 20 3 7 A-1-b Granular 2 N/A 40 12.0 756.1 125 140 0.117 2.71 0.353

EB SR 4 768.1 B-004-1-23 13 - 14.5 SS-8 10 78 - - - - - - - - - 5 A-1-b Granular 2 N/A 30 14.0 754.1 105 125 2.71 0.611

EB SR 4 768.1 B-004-1-23 14.5 - 16 SS-9 9 56 - 42 28 15 14 1 32 NP NP 19 A-1-b Granular 2 N/A 30 15.0 753.1 105 125 0.198 2.71 0.611

EB SR 4 768.1 B-004-1-23 16 - 17.5 SS-10 20 44 - - - - - - - - - 10 A-1-b Granular 2 N/A 32 17.0 751.1 110 130 2.71 0.537

EB SR 4 768.1 B-004-1-23 17.5 - 19 SS-11 14 44 - - - - - - - - - 12 A-1-b Granular 2 N/A 31 18.0 750.1 110 130 2.71 0.537

EB SR 4 768.1 B-004-1-23 19 - 20.5 SS-12 16 22 - 30 16 37 17 0 21 NP NP 12 A-3a Granular 2 N/A 31 20.0 748.1 110 130 0.099 2.65 0.503

EB SR 4 768.1 B-004-1-23 20.5 - 22 SS-13 32 22 - - - - - - - - - 12 A-3a Granular 2 N/A 34 21.0 747.1 120 140 2.65 0.378

EB SR 4 768.1 B-004-1-23 22 - 23.5 SS-14 27 50 - 62 16 9 8 5 20 18 2 8 A-1-a Granular 2 N/A 33 23.0 745.1 115 135 0.09 2.71 0.470

EB SR 4 768.1 B-004-1-23 23.5 - 25 SS-15 16 17 - 38 25 15 17 5 24 NP NP 19 A-1-b Granular 2 N/A 31 24.0 744.1 115 135 0.126 2.71 0.470

EB SR 4 768.1 B-004-1-23 25 - 26.5 SS-16 36 17 - - - - - - - - - 13 A-1-b Granular 2 N/A 35 26.0 742.1 120 140 2.71 0.409

EB SR 4 768.1 B-004-1-23 26.5 - 28 SS-17 23 17 - - - - - - - - - 17 A-1-b Granular 2 N/A 33 27.0 741.1 115 135 2.71 0.470

WB SR 4 771.5 B-004-2-23 10.5 - 12 SS-7 46 89 - 60 22 6 8 4 23 18 5 7 A-1-a Granular 2 N/A 36 11.0 760.5 120 135 0.117 2.71 0.409

WB SR 4 771.5 B-004-2-23 12 - 13.5 SS-8 58 100 - - - - - - - - - 8 A-1-a Granular 2 N/A 39 13.0 758.5 125 140 2.71 0.353

WB SR 4 771.5 B-004-2-23 13.5 - 15 SS-9 30 89 4.5 - - - - - - - - 17 A-1-a Granular 2 N/A 34 14.0 757.5 110 130 2.71 0.537

WB SR 4 771.5 B-004-2-23 15 - 16.5 SS-10 42 89 - 51 30 9 7 3 27 NP NP 14 A-1-a Granular 2 N/A 35 16.0 755.5 120 135 0.153 2.71 0.409

WB SR 4 771.5 B-004-2-23 16.5 - 18 SS-11 26 100 0.25 40 28 11 15 6 31 24 7 19 A-2-4 Granular 2 N/A 33 17.0 754.5 110 130 0.189 2.71 0.537

WB SR 4 771.5 B-004-2-23 18.5 - 20 SS-12 19 17 - - - - - - - - - 24 A-2-4 Granular 2 N/A 32 19.0 752.5 110 130 2.71 0.537

WB SR 4 771.5 B-004-2-23 20 - 21 SS-13A 41 89 - - - - - - - - - 14 A-2-4 Granular 2 N/A 35 21.0 750.5 120 140 2.71 0.409

WB SR 4 771.5 B-004-2-23 21 - 21.5 SS-13B - - - - - - - - - - - 35 A-1-b Granular 2 N/A 21.0 750.5 125 2.71 0.353

WB SR 4 771.5 B-004-2-23 21.5 - 23 SS-14 35 44 - - - - - - - - - 10 A-1-b Granular 2 N/A 35 22.0 749.5 120 140 2.71 0.409

WB SR 4 771.5 B-004-2-23 23 - 24.5 SS-15 39 89 - 68 10 6 13 3 22 17 5 11 A-1-b Granular 2 N/A 35 24.0 747.5 120 140 0.108 2.71 0.409

WB SR 4 768.1 B-008-0-23 9.5 - 11 SS-6 46 100 2.5 42 16 14 19 9 29 20 9 12 A-2-4 Granular 2 N/A 36 10.0 758.1 115 130 0.171 2.71 0.470

WB SR 4 768.1 B-008-0-23 11 - 11.5 SS-7A 27 89 - - - - - - - - - 13 A-2-4 Granular 2 N/A 33 11.0 757.1 110 130 2.71 0.537

WB SR 4 768.1 B-008-0-23 11.5 - 12.5 SS-7B - - - 31 28 5 33 3 25 NP NP 19 A-4a NP SILT 2 N/A 12.0 756.1 125 0.135 2.72 0.358

WB SR 4 768.1 B-008-0-23 12.5 - 14 SS-8 10 56 - - - - - - - - NP 16 A-4a NP SILT 2 N/A 25 13.0 755.1 105 125 2.72 0.616

WB SR 4 768.1 B-008-0-23 14 - 15.5 SS-9 10 0 - - - - - - - - NP 27 A-4a NP SILT 2 N/A 25 15.0 753.1 105 125 2.72 0.616

WB SR 4 768.1 B-008-0-23 15.5 - 17 SS-10 7 89 - - - - - - - - NP 24 A-4a NP SILT 2 N/A 24 16.0 752.1 105 125 2.72 0.616

EB SR 4 764.2 B-009-0-23 7.5 - 9 SS-5 42 78 - - - - - - - - - 9 A-1-b Granular 2 N/A 35 8.0 756.2 115 130 2.71 0.470

EB SR 4 764.2 B-009-0-23 9 - 10.5 SS-6 29 67 - - - - - - - - - 13 A-1-b Granular 2 N/A 34 10.0 754.2 105 125 2.71 0.611

EB SR 4 764.2 B-009-0-23 10.5 - 12 SS-7 22 0 - - - - - - - - - - A-1-b Granular 2 N/A 32 11.0 753.2 110 130 2.71 0.537

EB SR 4 764.2 B-009-0-23 12 - 13.5 SS-8 13 67 - 58 9 15 15 3 28 26 2 10 A-1-b Granular 2 N/A 31 13.0 751.2 110 130 0.162 2.71 0.537

EB SR 4 764.2 B-009-0-23 13.5 - 15 SS-9 9 17 - 33 16 15 - - NP NP NP 39 A-4a NP SILT 2 N/A 25 14.0 750.2 105 125 N/A 2.72 0.616

EB SR 4 764.2 B-009-0-23 15 - 16.5 SS-10 10 11 - - - - - - - - NP 34 A-4a NP SILT 2 N/A 25 16.0 748.2 105 125 2.72 0.616

EB SR 4 764.2 B-009-0-23 16.5 - 18 SS-11 7 6 - - - - - - - - NP 24 A-4a NP SILT 2 N/A 24 17.0 747.2 105 125 2.72 0.616

EB SR 4 764.2 B-009-0-23 18 - 19.5 SS-12 10 6 - - - - - - - - NP 47 A-4a NP SILT 2 N/A 25 19.0 745.2 105 125 2.72 0.616

EB SR 4 764.2 B-009-0-23 19.5 - 21 SS-13 7 6 - - - - - - - - NP 17 A-4a NP SILT 2 N/A 24 20.0 744.2 105 125 2.72 0.616

Ramp K 763.0 B-010-0-23 7.5 - 8 SS-3B - - - - - - - - - - - 21 A-1-b Granular 2 N/A 8.0 755.0 120 2.71 0.409

Ramp K 763.0 B-010-0-23 8 - 9.5 SS-4 51 78 - 57 14 9 16 4 23 17 6 9 A-1-b Granular 2 N/A 38 9.0 754.0 120 135 0.117 2.71 0.409

Ramp K 763.0 B-010-0-23 9.5 - 11 SS-5 20 100 - - - - - - - - - 13 A-1-a Granular 2 N/A 32 10.0 753.0 105 125 2.71 0.611

Ramp K 763.0 B-010-0-23 11 - 12.5 SS-6 4 0 - - - - - - - - - - A-1-a Granular 2 N/A 28 12.0 751.0 100 120 2.71 0.691

Ramp K 763.0 B-010-0-23 12.5 - 14 SS-7 4 44 - 60 23 10 6 1 38 NP NP 18 A-1-a Granular 2 N/A 28 13.0 750.0 100 120 0.252 2.71 0.691

Ramp K 763.0 B-010-0-23 14 - 15.5 SS-8 3 33 - - - - - - - - - 15 A-1-a Granular 2 N/A 28 15.0 748.0 100 120 2.71 0.691

Ramp K 763.0 B-010-0-23 15.5 - 17 SS-9 4 44 - - - - - - - - - 22 A-1-b Granular 2 N/A 28 16.0 747.0 100 120 2.71 0.691

Ramp K 763.0 B-010-0-23 17 - 18.5 SS-10 7 78 - 34 50 9 5 2 24 NP NP 17 A-1-b Granular 2 N/A 29 18.0 745.0 105 125 0.126 2.71 0.611

Ramp K 763.0 B-010-0-23 20 - 21.5 SS-11 4 17 - - - - - - - - - 20 A-1-b Granular 2 N/A 28 21.0 742.0 105 125 2.71 0.611

Ramp K 763.0 B-010-0-23 21.5 - 23 SS-12 9 67 - 48 42 7 0 3 38 29 9 22 A-2-4 Granular 2 N/A 30 22.0 741.0 110 130 0.252 2.71 0.537

Ramp K 763.0 B-010-0-23 23 - 24.5 SS-13 46 22 - - - - - - - - - 16 A-2-4 Granular 2 N/A 36 24.0 739.0 120 140 2.71 0.409

EB SR 4 761.5 B-011-0-23 10 - 11.5 SS-7 67 89 - - - - - - - - - 12 A-1-b Granular 2 N/A 40 11.0 750.5 125 140 2.71 0.353

Layer 2
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Short-Term Cohesion (psf)
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Soil Strength Parameter Determination Computed By = DCM 

Checked By = DMV

Correlated Correlated Correlated 

LT Cohesion Midpoint Midpoint Dry Unit Wt. Moist Unit Wt. Assumed Computed 

% % % % % % % (psf) phi Sample Sample (pcf) (pcf) Correlated Specific Void

N60 Rec HP Gr CS FS Silt Clay LL PL PI WC PPR Sowers T & P per GB-7 (deg) Depth (ft.) Elevation (ft.) per GB-7 per GB-7 Cc Gravity (Gs) Ratio (e)

Max 84 100 N/A 71 49 75 19 9 22 18 5 22 Max N/A N/A N/A N/A 41 49.0 756.2 130 150 0.108 2.71 0.537

Value Min 9 17 N/A 1 4 1 0 0 12 11 3 4 Min N/A N/A N/A N/A 30 12.0 718.0 110 130 0.018 2.65 0.301

0.25 Average 41 81 N/A 53 29 10 5 2 15 16 4 9 Average N/A N/A N/A N/A 36 31.2 736.7 121 139 0.043 2.71 0.404

0.175 Std Dev 17 18 N/A 15 12 15 4 2 2 3 1 4 Std Dev N/A N/A N/A N/A 3 8.7 8.3 4 4 0.021 0.01 0.052

0.075

0.133 Avg + Std 58 99 N/A 68 41 25 9 4 17 19 5 12 Avg + Std N/A N/A N/A N/A 39 39.9 745.0 125 143 0.064 2.72 0.456

Omitted: B-002-2-23 SS-6, SS-7 Avg - Std 24 64 N/A 37 17 -4 1 0 12 13 3 5 Avg - Std N/A N/A N/A N/A 33 22.5 728.4 116 136 0.021 2.70 0.352

B-010-0-23 SS-17

Correlated Correlated Correlated 

LT Cohesion Midpoint Midpoint Dry Unit Wt. Moist Unit Wt. Assumed Computed 

Sample % % % % % % % ODOT (psf) phi Sample Sample (pcf) (pcf) Correlated Specific Void

Alignment Surface Elevation Exploration ID From To ID N60 Rec HP Gr CS FS Silt Clay LL PL PI WC Class. Soil Type Layer PPR Sowers T & P per GB-7 (deg) Depth (ft.) Elevation (ft.) per GB-7 per GB-7 Cc Gravity (Gs) Ratio (e)

Ramp J 772.6 B-001-1-23 22.5 - 24 SS-15 32 100 - - - - - - - - - 6 A-1-a Granular 3 N/A 34 23.0 749.6 120 140 2.71 0.409

Ramp J 772.6 B-001-1-23 24 - 25.5 SS-16 43 100 - 67 26 2 4 1 18 NP NP 4 A-1-a Granular 3 N/A 35 25.0 747.6 120 140 0.072 2.71 0.409

Ramp J 772.6 B-001-1-23 25.5 - 27 SS-17 49 100 - - - - - - - - - 4 A-1-a Granular 3 N/A 36 26.0 746.6 120 140 2.71 0.409

Ramp J 772.6 B-001-1-23 28 - 29.5 SS-18 45 100 - - - - - - - - - 8 A-1-a Granular 3 N/A 36 29.0 743.6 120 140 2.71 0.409

Ramp J 772.6 B-001-1-23 30.5 - 32 SS-19 61 89 - 60 32 3 4 1 16 NP NP 5 A-1-a Granular 3 N/A 40 31.0 741.6 125 140 0.054 2.71 0.353

Ramp J 772.6 B-001-1-23 33 - 34.5 SS-20 58 78 - - - - - - - - - 7 A-1-a Granular 3 N/A 39 34.0 738.6 125 140 2.71 0.353

Ramp J 772.6 B-001-1-23 35.5 - 37 SS-21 41 67 - - - - - - - - - 10 A-1-a Granular 3 N/A 35 36.0 736.6 120 140 2.71 0.409

Ramp J 772.6 B-001-1-23 38 - 39.5 SS-22 26 78 - 62 31 1 4 2 14 NP NP 8 A-1-a Granular 3 N/A 33 39.0 733.6 115 135 0.036 2.71 0.470

Ramp J 772.6 B-001-1-23 40.5 - 42 SS-23 51 67 - - - - - - - - - 9 A-1-a Granular 3 N/A 38 41.0 731.6 130 150 2.71 0.301

EB SR 4 770.9 B-002-1-23 27.5 - 29 SS-18 48 100 - - - - - - - - - 4 A-2-4 Granular 3 N/A 36 28.0 742.9 120 140 2.71 0.409

EB SR 4 770.9 B-002-1-23 29 - 30.5 SS-19 43 100 - 35 27 9 - - NP NP NP 4 A-2-4 Granular 3 N/A 35 30.0 740.9 120 140 N/A 2.71 0.409

EB SR 4 770.9 B-002-1-23 31 - 32.5 SS-20 56 83 - - - - - - - - - 4 A-2-4 Granular 3 N/A 39 32.0 738.9 125 140 2.71 0.353

EB SR 4 770.9 B-002-1-23 33.5 - 35 SS-21 36 100 - - - - - - - - - 8 A-2-4 Granular 3 N/A 35 34.0 736.9 120 140 2.71 0.409

EB SR 4 770.9 B-002-1-23 36 - 37.5 SS-22 25 67 - - - - - - - - - 10 A-2-4 Granular 3 N/A 33 37.0 733.9 115 135 2.71 0.470

EB SR 4 770.9 B-002-1-23 38.5 - 40 SS-23 36 67 - - - - - - - - - 9 A-2-4 Granular 3 N/A 35 39.0 731.9 120 140 2.71 0.409

EB SR 4 770.9 B-002-1-23 41 - 42.5 SS-24 36 78 - 66 21 8 4 1 15 NP NP 9 A-1-a Granular 3 N/A 35 42.0 728.9 120 140 0.045 2.71 0.409

EB SR 4 770.9 B-002-1-23 43.5 - 45 SS-25 51 89 - - - - - - - - - 8 A-1-a Granular 3 N/A 38 44.0 726.9 130 150 2.71 0.301

EB SR 4 770.9 B-002-1-23 46 - 47.5 SS-26 38 100 - - - - - - - - - 10 A-1-a Granular 3 N/A 35 47.0 723.9 120 140 2.71 0.409

Ramp J 768.2 B-002-2-23 11.5 - 13 SS-8 41 100 - - - - - - - - - 7 A-1-b Granular 3 N/A 35 12.0 756.2 120 135 2.71 0.409

Ramp J 768.2 B-002-2-23 13 - 14.5 SS-9 68 89 - - - - - - - - - 5 A-1-b Granular 3 N/A 40 14.0 754.2 125 140 2.71 0.353

Ramp J 768.2 B-002-2-23 14.5 - 16 SS-10 61 100 - 46 35 12 4 3 13 NP NP 8 A-1-b Granular 3 N/A 40 15.0 753.2 125 140 0.027 2.71 0.353

Ramp J 768.2 B-002-2-23 16 - 17.5 SS-11 84 100 - - - - - - - - - 7 A-1-b Granular 3 N/A 40 17.0 751.2 125 140 2.71 0.353

Ramp J 768.2 B-002-2-23 17.5 - 19 SS-12 21/32/50/4" 100 - - - - - - - - - 7 A-1-b Granular 3 N/A 40 18.0 750.2 125 140 2.71 0.353

Ramp J 768.2 B-002-2-23 19 - 20.5 SS-13 56 89 - - - - - - - - - 7 A-1-b Granular 3 N/A 39 20.0 748.2 125 140 2.71 0.353

Ramp J 768.2 B-002-2-23 20.5 - 22 SS-14 61 78 - - - - - - - - - 5 A-1-b Granular 3 N/A 40 21.0 747.2 125 140 2.71 0.353

Ramp J 768.2 B-002-2-23 22 - 23.5 SS-15 17 67 - 43 22 15 19 1 21 18 3 9 A-1-b Granular 3 N/A 31 23.0 745.2 115 135 0.099 2.71 0.470

Ramp J 768.2 B-002-2-23 23.5 - 25 SS-16 43 89 - - - - - - - - - 6 A-1-b Granular 3 N/A 35 24.0 744.2 120 140 2.71 0.409

Ramp J 768.2 B-002-2-23 25 - 26.5 SS-17 51 89 - - - - - - - - - 5 A-1-a Granular 3 N/A 38 26.0 742.2 125 140 2.71 0.353

Ramp J 768.2 B-002-2-23 26.5 - 28 SS-18 71 100 - - - - - - - - - 5 A-1-a Granular 3 N/A 40 27.0 741.2 125 140 2.71 0.353

Ramp J 768.2 B-002-2-23 28 - 29.5 SS-19 74 89 - 61 33 2 3 1 14 NP NP 5 A-1-a Granular 3 N/A 40 29.0 739.2 125 140 0.036 2.71 0.353

Ramp J 768.2 B-002-2-23 29.5 - 31 SS-20 65 89 - - - - - - - - - 8 A-1-a Granular 3 N/A 40 30.0 738.2 125 140 2.71 0.353

Ramp J 768.2 B-002-2-23 32 - 33.5 SS-21 65 89 - - - - - - - - - 10 A-1-a Granular 3 N/A 40 33.0 735.2 125 140 2.71 0.353

Ramp L 770.3 B-003-1-23 27 - 28.5 SS-18 52 78 - - - - - - - - - 5 A-1-a Granular 3 N/A 39 28.0 742.3 125 140 2.71 0.353

Ramp L 770.3 B-003-1-23 29.5 - 31 SS-19 68 100 - 57 22 11 7 3 15 NP NP 4 A-1-a Granular 3 N/A 40 30.0 740.3 125 140 0.045 2.71 0.353

Ramp L 770.3 B-003-1-23 32 - 33.5 SS-20 41 89 - - - - - - - - - 15 A-1-b Granular 3 N/A 35 33.0 737.3 120 140 2.71 0.409

Ramp L 770.3 B-003-1-23 34.5 - 36 SS-21 14 100 - 46 49 1 1 3 14 NP NP 10 A-1-b Granular 3 N/A 31 35.0 735.3 115 135 0.036 2.71 0.470

Ramp L 770.3 B-003-1-23 37 - 38.5 SS-22 26 89 - - - - - - - - - 10 A-1-a Granular 3 N/A 33 38.0 732.3 115 135 2.71 0.470

Ramp L 770.3 B-003-1-23 39.5 - 41 SS-23 45 67 - 52 45 1 0 2 13 NP NP 9 A-1-a Granular 3 N/A 36 40.0 730.3 120 140 0.027 2.71 0.409

Ramp L 770.3 B-003-1-23 42 - 43.5 SS-24 32 89 - - - - - - - - - 12 A-1-b Granular 3 N/A 34 43.0 727.3 120 140 2.71 0.409

Ramp L 770.3 B-003-1-23 44.5 - 46 SS-25 35 78 - 46 25 21 6 2 15 NP NP 12 A-1-b Granular 3 N/A 35 45.0 725.3 120 140 0.045 2.71 0.409

EB SR 4 768.1 B-004-1-23 28 - 29.5 SS-18 13 17 - - - - - - - - - 8 A-1-b Granular 3 N/A 31 29.0 739.1 115 135 2.71 0.470

EB SR 4 768.1 B-004-1-23 29.5 - 30 SS-19 33 78 - - - - - - - - - 7 A-1-a Granular 3 N/A 34 30.0 738.1 120 140 2.71 0.409

EB SR 4 768.1 B-004-1-23 31 - 32.5 SS-20 35 78 - 60 20 12 7 1 16 NP NP 11 A-1-a Granular 3 N/A 35 32.0 736.1 120 140 0.054 2.71 0.409

EB SR 4 768.1 B-004-1-23 33.5 - 35 SS-21 32 100 - - - - - - - - - 12 A-1-b Granular 3 N/A 34 34.0 734.1 120 140 2.71 0.409

EB SR 4 768.1 B-004-1-23 36 - 37.5 SS-22 22 100 - 41 37 16 5 1 13 NP NP 14 A-1-b Granular 3 N/A 32 37.0 731.1 115 135 0.027 2.71 0.470

EB SR 4 768.1 B-004-1-23 38.5 - 40 SS-23 17 100 - - - - - - - - - 15 A-1-b Granular 3 N/A 31 39.0 729.1 115 135 2.71 0.470

EB SR 4 768.1 B-004-1-23 41 - 42.5 SS-24 25 78 - - - - - - - - - 10 A-1-a Granular 3 N/A 33 42.0 726.1 115 140 2.71 0.470

EB SR 4 768.1 B-004-1-23 43.5 - 45 SS-25 14 44 - 56 42 1 0 1 13 NP NP 13 A-1-a Granular 3 N/A 31 44.0 724.1 115 140 0.027 2.71 0.470

EB SR 4 768.1 B-004-1-23 46 - 47.5 SS-26 16 44 - - - - - - - - - 10 A-1-a Granular 3 N/A 31 47.0 721.1 115 140 2.71 0.470

EB SR 4 768.1 B-004-1-23 48.5 - 50 SS-27 25 56 - - - - - - - - - 14 A-1-a Granular 3 N/A 33 49.0 719.1 115 140 2.71 0.470

WB SR 4 771.5 B-004-2-23 26 - 27.5 SS-17 51 67 - - - - - - - - - 8 A-1-a Granular 3 N/A 38 27.0 744.5 125 140 2.71 0.353

WB SR 4 771.5 B-004-2-23 27.5 - 29 SS-18 32 78 - 55 26 6 10 3 22 17 5 7 A-1-a Granular 3 N/A 34 28.0 743.5 120 140 0.108 2.71 0.409

WB SR 4 771.5 B-004-2-23 30 - 30.42 SS-19 50/5" 60 - - - - - - - - - 12 A-1-a Granular 3 N/A 40 30.0 741.5 125 140 2.71 0.353

WB SR 4 771.5 B-004-2-23 32.5 - 34 SS-20 62 89 - - - - - - - - - 8 A-1-a Granular 3 N/A 40 33.0 738.5 125 140 2.71 0.353

WB SR 4 771.5 B-004-2-23 35 - 36.5 SS-21 67 83 - 65 15 12 6 2 13 NP NP 10 A-1-a Granular 3 N/A 40 36.0 735.5 125 140 0.027 2.71 0.353

WB SR 4 771.5 B-004-2-23 37.5 - 39 SS-22 68 100 - - - - - - - - - 11 A-1-a Granular 3 N/A 40 38.0 733.5 125 140 2.71 0.353

WB SR 4 771.5 B-004-2-23 40 - 41.5 SS-23 68 100 - 53 43 2 0 2 14 11 3 10 A-1-a Granular 3 N/A 40 41.0 730.5 130 150 0.036 2.71 0.301

WB SR 4 771.5 B-004-2-23 42.5 - 44 SS-24 80 100 - - - - - - - - - 10 A-1-a Granular 3 N/A 41 43.0 728.5 130 150 2.71 0.301

WB SR 4 771.5 B-004-2-23 45 - 46.5 SS-25 49 100 - - - - - - - - - 10 A-1-a Granular 3 N/A 36 46.0 725.5 120 140 2.71 0.409

WB SR 4 768.1 B-008-0-23 21.5 - 23 SS-14 33 67 - - - - - - - - - 4 A-1-a Granular 3 N/A 34 22.0 746.1 120 140 2.71 0.409

WB SR 4 768.1 B-008-0-23 23 - 24.5 SS-15 33 89 - 70 14 6 7 3 15 18 NP 5 A-1-a Granular 3 N/A 34 24.0 744.1 120 140 0.045 2.71 0.409

WB SR 4 768.1 B-008-0-23 25.5 - 27 SS-16 56 78 - - - - - - - - - 4 A-1-a Granular 3 N/A 39 26.0 742.1 125 140 2.71 0.353

WB SR 4 768.1 B-008-0-23 27.5 - 29 SS-17 33 67 - - - - - - - - - 5 A-1-a Granular 3 N/A 34 28.0 740.1 120 140 2.71 0.409

WB SR 4 768.1 B-008-0-23 30 - 31.5 SS-18 38 78 - 57 26 10 5 2 13 NP NP 9 A-1-a Granular 3 N/A 35 31.0 737.1 120 140 0.027 2.71 0.409

WB SR 4 768.1 B-008-0-23 32.5 - 34 SS-19 36 89 - - - - - - - - - 11 A-1-a Granular 3 N/A 35 33.0 735.1 120 140 2.71 0.409

WB SR 4 768.1 B-008-0-23 35 - 36.5 SS-20 64 89 - - - - - - - - - 9 A-1-a Granular 3 N/A 40 36.0 732.1 125 140 2.71 0.353

WB SR 4 768.1 B-008-0-23 37.5 - 39 SS-21 43 67 - - - - - - - - - 12 A-1-a Granular 3 N/A 35 38.0 730.1 120 140 2.71 0.409

EB SR 4 764.2 B-009-0-23 21 - 22.5 SS-14 38 44 - - - - - - - - - 6 A-1-a Granular 3 N/A 35 22.0 742.2 120 140 2.71 0.409

EB SR 4 764.2 B-009-0-23 23.5 - 25 SS-15 30 78 - - - - - - - - - 4 A-1-a Granular 3 N/A 34 24.0 740.2 115 135 2.71 0.470

EB SR 4 764.2 B-009-0-23 26 - 27.5 SS-16 35 89 - 59 23 10 7 1 15 NP NP 8 A-1-a Granular 3 N/A 35 27.0 737.2 120 140 0.045 2.71 0.409

EB SR 4 764.2 B-009-0-23 28.5 - 30 SS-17 32 100 - - - - - - - - - 9 A-1-a Granular 3 N/A 34 29.0 735.2 120 140 2.71 0.409

EB SR 4 764.2 B-009-0-23 31 - 32.5 SS-18 33 89 - - - - - - - - - 8 A-1-a Granular 3 N/A 34 32.0 732.2 120 140 2.71 0.409

N-values

Short-Term Cohesion (psf)

Values for Soil Strength Correlation

Reference

HI PI (Sowers)

MD PI (Sowers)

LO PI (Sowers)

T&P

Short-Term Cohesion (psf)

Layer 3

N-values



Chagrin Valley Engineering, LTD

MOT-4-19.30

Soil Strength Parameter Determination Computed By = DCM 

Checked By = DMV

EB SR 4 764.2 B-009-0-23 33.5 - 35 SS-19 26 100 - 16 42 32 8 2 12 NP NP 16 A-1-b Granular 3 N/A 33 34.0 730.2 115 135 0.018 2.71 0.470

Ramp K 763.0 B-010-0-23 24.5 - 26 SS-14 20 44 - - - - - - - - - 10 A-2-4 Granular 3 N/A 32 25.0 738.0 115 135 2.71 0.470

Ramp K 763.0 B-010-0-23 27 - 28.5 SS-15 9 67 - 59 29 9 2 1 14 NP NP 13 A-1-a Granular 3 N/A 30 28.0 735.0 110 130 0.036 2.71 0.537

Ramp K 763.0 B-010-0-23 29.5 - 31 SS-16 14 78 - - - - - - - - - 11 A-1-a Granular 3 N/A 31 30.0 733.0 115 135 2.71 0.470

Ramp K 763.0 B-010-0-23 35 - 36.5 SS-18 19 44 - 71 4 2 - - NP NP NP 9 A-1-b Granular 3 N/A 32 36.0 727.0 115 135 N/A 2.71 0.470

Ramp K 763.0 B-010-0-23 37 - 38.5 SS-19 19 44 - - - - - - - - - 11 A-1-b Granular 3 N/A 32 38.0 725.0 115 135 2.71 0.470

Ramp K 763.0 B-010-0-23 39.5 - 41 SS-20 10 67 - 48 48 2 1 1 14 NP NP 9 A-1-b Granular 3 N/A 30 40.0 723.0 110 130 0.036 2.71 0.537

Ramp K 763.0 B-010-0-23 42 - 43.5 SS-21 36 33 - - - - - - - - - 22 A-1-b Granular 3 N/A 35 43.0 720.0 120 140 2.71 0.409

Ramp K 763.0 B-010-0-23 44.5 - 45.25 SS-22 40/50/3" 89 - - - - - - - - - 10 A-1-b Granular 3 N/A 40 45.0 718.0 130 150 2.71 0.301

EB SR 4 761.5 B-011-0-23 13 - 14.5 SS-9 35 89 - - - - - - - - - 4 A-1-a Granular 3 N/A 35 14.0 747.5 120 135 2.71 0.409

EB SR 4 761.5 B-011-0-23 14.5 - 16 SS-10 43 89 - 64 19 7 1 9 16 NP NP 5 A-1-a Granular 3 N/A 35 15.0 746.5 120 135 0.054 2.71 0.409

EB SR 4 761.5 B-011-0-23 16 - 17.5 SS-11 45 78 - - - - - - - - - 4 A-1-a Granular 3 N/A 36 17.0 744.5 120 135 2.71 0.409

EB SR 4 761.5 B-011-0-23 17.5 - 19 SS-12 58 78 - - - - - - - - - 6 A-1-a Granular 3 N/A 39 18.0 743.5 125 140 2.71 0.353

EB SR 4 761.5 B-011-0-23 20 - 21.5 SS-13 38 78 - - - - - - - - - 5 A-1-a Granular 3 N/A 35 21.0 740.5 120 140 2.71 0.409

EB SR 4 761.5 B-011-0-23 22.5 - 24 SS-14 30 78 - - - - - - - - - 11 A-1-a Granular 3 N/A 34 23.0 738.5 115 135 2.71 0.470

EB SR 4 761.5 B-011-0-23 25 - 26.5 SS-15 23 78 - 55 43 1 1 0 13 NP NP 13 A-1-a Granular 3 N/A 33 26.0 735.5 115 135 0.027 2.71 0.470

EB SR 4 761.5 B-011-0-23 27.5 - 29 SS-16 48 78 - - - - - - - - - 10 A-1-a Granular 3 N/A 36 28.0 733.5 120 140 2.71 0.409

EB SR 4 761.5 B-011-0-23 30 - 31.5 SS-17 42 89 - - - - - - - - - 10 A-1-a Granular 3 N/A 35 31.0 730.5 120 140 2.71 0.409

EB SR 4 761.5 B-011-0-23 32.5 - 34 SS-18 41 78 - 1 11 75 12 1 13 NP NP 20 A-3a Granular 3 N/A 35 33.0 728.5 120 140 0.027 2.65 0.378



Chagrin Valley Engineering, LTD

MOT-4-19.30

Soil Strength Parameter Determination Computed By = DCM 

Checked By = DMV

Correlated Correlated Correlated 

LT Cohesion Midpoint Midpoint Dry Unit Wt. Moist Unit Wt. Assumed Computed 

% % % % % % % (psf) phi Sample Sample (pcf) (pcf) Correlated Specific Void

N60 Rec HP Gr CS FS Silt Clay LL PL PI WC PPR Sowers T & P per GB-7 (deg) Depth (ft.) Elevation (ft.) per GB-7 per GB-7 Cc Gravity (Gs) Ratio (e)

Max 67 100 4.5 30 14 21 36 23 18 12 6 12 Max 4500 4000 4000 250 28 42.0 727.2 135 145 0.072 2.72 0.476

Value Min 10 50 4.5 16 8 17 26 8 15 10 5 10 Min 4500 750 1330 114 23 37.0 722.2 115 130 0.045 2.72 0.257

0.25 Average 35 82 4.5 24 12 20 31 14 17 11 6 11 Average 4500 2308 3062 187 25 39.8 725.4 123 137 0.060 2.72 0.383

0.175 Std Dev 29 22 N/A 7 3 2 5 8 2 1 1 1 Std Dev N/A 1629 1502 69 3 2.2 2.3 10 8 0.014 0.00 0.113

0.075

0.133 Avg + Std 64 104 N/A 31 15 22 36 22 18 12 6 12 Avg + Std N/A 3937 4564 256 28 42.0 727.8 134 144 0.074 2.72 0.495

Avg - Std 6 60 N/A 17 8 17 26 6 15 10 5 10 Avg - Std N/A 679 1560 118 23 37.5 723.1 113 129 0.046 2.72 0.270

Correlated Correlated Correlated 

LT Cohesion Midpoint Midpoint Dry Unit Wt. Moist Unit Wt. Assumed Computed 

Sample % % % % % % % ODOT (psf) phi Sample Sample (pcf) (pcf) Correlated Specific Void

Alignment Surface Elevation Exploration ID From To ID N60 Rec HP Gr CS FS Silt Clay LL PL PI WC Class. Soil Type Layer PPR Sowers T & P per GB-7 (deg) Depth (ft.) Elevation (ft.) per GB-7 per GB-7 Cc Gravity (Gs) Ratio (e)

WB SR 4 768.1 B-008-0-23 40 - 41.5 SS-22 67 89 4.5 16 8 17 36 23 18 12 6 10 A-4a Cohesive 4 4500 4000 4000 250 28 41.0 727.1 135 145 0.072 2.72 0.257

EB SR 4 764.2 B-009-0-23 36 - 37.5 SS-20 29 100 - - - - - - - - - 12 A-4a Cohesive 4 N/A 2175 3857 197 26 37.0 727.2 120 135 2.72 0.414

EB SR 4 764.2 B-009-0-23 38.5 - 40 SS-21 10 89 - 25 14 21 32 8 17 11 6 11 A-4a Cohesive 4 N/A 750 1330 114 23 39.0 725.2 115 130 0.063 2.72 0.476

EB SR 4 764.2 B-009-0-23 41 - 43 ST-22 ST 50 - 30 13 21 26 10 15 10 5 11 A-4a Cohesive 4 N/A N/A N/A 42.0 722.2 0.045 2.72

T&P

Short-Term Cohesion (psf)

HI PI (Sowers)

N-values

Values for Soil Strength Correlation

Reference

Layer 4

MD PI (Sowers)

LO PI (Sowers)

N-values

Short-Term Cohesion (psf)



Chagrin Valley Engineering, LTD

MOT-4-19.30

Soil Layering Computed By = DCM 

Checked By =    DMV

Soil layers 1 Granular 2 Refuse 3 Granular 1 Granular 2 Refuse 3 Granular

Boring GS Elev Asphalt Reinforced Concrete Granular Base Layer Surficial Layer Embankment Material Soil Bottom Surficial Layer Embankment Material Soil

Thickness (in) Thickness (IN) Thickness (in) Thickness Ft. Bottom Depth Bottom Depth Bottom Depth Elevation Thickness Thickness thickness Thickness

B-001-1-23 772.6 12 Surficial 1 771.6 1.00

1 16.5 756.1 15.50

2 22.5 750.1 6.00

3 42 730.6 19.50

B-002-1-23 770.9 12 9 Surficial 1.75 770.8 1.75

1 15.5 755.4 13.75

2 27.5 743.4 12.00

3 47.5 723.4 20.00

B-002-2-23 768.2 9 Surficial 0.75 771.8 0.75

1 4 764.2 3.25

2 11 757.2 7.00

3 33.5 734.7 22.50

B-003-1-23 770.3 14 Surficial 1.17 771.4 1.17

1 9 761.3 7.83

2 27.25 743.0 18.25

3 46 724.3 18.75

B-004-1-23 768.1 27 Surficial 2.25 770.3 2.25

1 12 756.1 9.75

2 29.5 738.6 17.50

3 50 718.1 20.50

B-004-2-23 771.5 10 8 Surficial 1.5 771.1 1.50

1 10.5 761.0 9.00

2 25.5 746.0 15.00

3 46.5 725.0 21.00

B-008-0-23 768.1 13 Surficial 1.08 771.5 1.08

1 9 759.1 7.92

2 21.5 746.6 12.50

3 41.5 726.6 20.00

B-009-0-23 764.2 17 Surficial 1.42 771.1 1.42

1 8 756.2 6.58

2 21 743.2 13.00

3 43 721.2 22.00

B-010-0-23 763 30 12 Surficial 3.5 769.1 3.50

1 7.5 755.5 4.00

2 25 738.0 17.50

3 45.3 717.7 20.30

B-011-0-23 761.5 12 Surficial 1 771.6 1.00

1 10 751.5 9.00

2 13.5 748.0 3.50

3 34 727.5 20.50

= 1 Granular 2 Refuse 3 Granular 1 Granular 2 Refuse 3 Granular

Boring GS Elev Asphalt Reinforced Concrete Granular Base Surficial Layer Embankment Material Soil Surficial Layer Embankment Material Soil

Bottom Depth Bottom Depth Bottom Depth Thickness Thickness thickness Thickness

Max 30.0 12.0 0.0 Max 3.5 16.5 29.5 50.0 Max 3.5 15.5 18.3 22.5

Min 9.0 8.0 0.0 Min 0.8 4.0 11.0 33.5 Min 0.8 3.3 3.5 18.8

Average 15.6 9.7 NA Average 1.5 10.2 22.4 42.9 Average 1.5 8.7 12.2 20.5

Std Dev 7.2 2.1 NA Std Dev 0.8 3.7 6.0 5.5 Std Dev 0.8 3.8 5.2 1.1

Avg + Std Dev 2.4 13.9 28.5 48.4 Avg + Std Dev 2.4 12.5 17.4 21.6

Avg - Std Dev 0.7 6.5 16.4 37.5 Avg - Std Dev 0.7 4.8 7.0 19.4

Refuse Elevations
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Grain Size of Existing Embankment Material (approximately upper 6 feet) 

  < 3 inches
<15% passing the No. 200
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Specimen Identification

Specimen Identification

GRAVEL
SAND

D30 D10

B-001-1-23

B-001-1-23

B-002-1-23

B-003-1-23

B-004-1-23
Cc

LL

   

   

   

   

   

SILT
coarse

D50

4.456

2.561

1.059

1.719

5.343

8.571

20.968

10.148

25.178

8.561

1 2006 10

%FS

2

10

6

2

14

5

13

19

15

ODOT (Modified AASHTO) ~ USCS Classification

501/2
HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

1403 4 20 406 601.5 8 143/4 3/8

1.0

4.5

5.0

1.2

4.0

COBBLES CLAY

6.06

10.84

1.67

1.88

57.44

907.60

189.44

66.30

Cu

15

27

21

16

NP

15

21

13

NP

NP

NP

6

8

NP

NP

A-1-a ~ WELL-GRADED GRAVEL with SILT and SAND(GW-GM)

A-1-b ~ SILTY, CLAYEY SAND with GRAVEL(SC-SM)

A-2-4 ~ CLAYEY SAND with GRAVEL(SC)

A-1-b ~ SILTY SAND with GRAVEL(SM)

A-1-a ~ SILTY GRAVEL with SAND(GM)

PL PI

%G

68

54

39

48

84

21

17

26

23

1

%CS

4

6

10

12

1

%M %C

fine

1.0

4.5

5.0

1.2

4.0

1.758

0.478

0.182

0.449

3.314

0.094

0.005

0.01

0.04

3 100
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B-004-1-23
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OFFICE OF GEOTECHNICAL ENGINEERING

Fines < 15%, and Well-Graded (Cu>4, 1.0<Cc<3.0) Acceptable Ranges Marginal Ranges
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2.5mm
1.9mm

1.2mm

20mm
8mm
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GRAIN SIZE IN MILLIMETERS

Specimen Identification

Specimen Identification

GRAVEL
SAND

D30 D10

B-004-2-23

B-008-0-23

B-009-0-23

B-010-0-23

B-011-0-23
Cc

LL

   

   

   

   

   

SILT
coarse

D50

4.826

4.459

4.926

1.06

4.103

27.891

17.009

22.695

7.905

16.468

1 2006 10

%FS

2

1

3

5

2

5

10

7

13

5

ODOT (Modified AASHTO) ~ USCS Classification

501/2
HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

1403 4 20 406 601.5 8 143/4 3/8

3.0

3.5

4.5

3.5

2.5

COBBLES CLAY

0.50

5.22

9.87

2.29

1.32

19.75

95.66

100.68

79.63

36.28

Cu

21

19

18

12

18

16

15

16

NP

15

5

4

2

NP

3

A-1-a ~ POORLY GRADED GRAVEL with SILTY CLAY and SAND(GP-GC)

A-1-a ~ POORLY GRADED GRAVEL with SILTY CLAY and SAND(GP-GC)

A-1-a ~ POORLY GRADED GRAVEL with SILT and SAND(GP-GM)

A-1-b ~ SILTY SAND with GRAVEL(SM)

A-1-a ~ WELL-GRADED GRAVEL with SILT and SAND(GW-GM)

PL PI

%G

63

66

73

38

63

27

16

11

29

25

%CS

3

7

6

15

5

%M %C

fine

3.0

3.5

4.5

3.5

2.5

1.344

1.526

2.169

0.306

1.234

0.426

0.068

0.069

0.023

0.178
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Fines < 15%, and Well-Graded (Cu>4, 1.0<Cc<3.0) Acceptable Ranges Marginal Ranges

5mm
1.2mm

20mm

8mm
13mm
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Potential Void Analysis 

  



5 ft Void Width (Infinite Length) or Radius (Circular Void)

Reduction Values: RFID = 1.2 RFCR = 3 RFCBD = 2

Geogrid Layer
Depth below top of 

pavement
Geogrid 

Allowable Tensile 

Strength

No. (ft)

Cumulative Incremental
1

Cumulative Incremental
1

1 1 144.2 - 1821 - NX850
2

3332 1.8 1.8

2 2 237.3 93.1 2996 1175 NX850
2

3332 1.1 2.8

3 3 337.1 99.7 4256 1259 NX850
2

3332 0.8 2.6

1. Incremental values based on the difference between layer cumulative value less the cumulative value of the overlying layer. 

2. Ultimate Strength Based on values for Triax TX190L (NX850 not available)

3. RFID = Reduction Factor For Install Damage

4. RFCR = Reduction Factor for Avoiding Lifetime Creep 

5. RFCBD = Reduction Factor for Chemical and Biological Degradation 

Assumptions : 

As the subgrade begins to settle, there is a loss of support beneath the geogrid (void or subsidence).  It is 

assumed this subsidence will propagate from the lowest (3rd layer) of geogrid, to the middle (2nd layer), 

and finally to the top (1st layer).  As such, it is assumed there is a moment where the 1st layer is acting

 independently to support the material above it.  

In turn, there is a moment where the second layer is supporting the material above it, which includes the

1st layer and material above it.  However, for simplicity's sake, it is assumed that the load carried by the 1st 

layer will not transfer to the 2nd layer.  As such, the vertical stress (and thereby required tensile strength)

of the 2nd layer is reduced by an amount equal to the vertical stress (and required tensile strength) 

determined for the 1st layer.

This same process is carried through to the 3rd layer where the determined vertical stress and required

tensile strength for the 3rd layer is reduced by the cumulative vertical stress and required tensile strength 

calculated for the 2nd layer.

Vertical Stress on the Structure 

or Reinforcement layer, σz 
Required Tensile Strength, Treqd

(psf) lb / ft
Type

Factor of Safety

lb / ft Cumulative Incremental
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Vertical Stress on the Structure or Reinforcement layer, σz = 144.2 psf

Avg Unit Weight of Material Above the Settlement Area, Yavg = 130 pcf

Size of void (b,r) = 5 feet

for Circular Voids, use Radius, r

Infinitiely long voids use Width, b

Total Height Above Settlement Zone, H = 1 feet

Geosynthetic Deflection, y = 0.25 feet

Surcharge Pressure Placed at Ground Surface, q = 250 psf

Required Tensile Strength, Treqd = 1821 lbs/ft

Dimensionless Factor, Ω = 2.53 dim

Allowable Tensile Strength to be used for Final Design, Tallow = 3332  lbs / ft

Ultimate Tensile Strength from A Standard In-Isolation Tensile Test, Tult = 23989 lbs / ft (Total of all layers)

Ultimate Tensile Strength from A Standard In-Isolation Tensile Test, Tult = 23,989 lb / ft (per Layer) Ultimate Strength Based on values for Triax TX190L (NX850 not available)

number of geogrid layers = 1

Typical Values Average Typical Values

Reduction Factor For Install Damage, RFID = 1.2 dim 1.05 - 3.0 Installation Damage Reduction Factor 2.03

Reduction Factor for Avoiding Lifetime Creep, RFCR = 3 dim Increase due to settlement potential 1.65 - 5.0 Creep Reduction Factor 3.325

Reduction Factor for Chemical and Biological Degradation, RFCBD = 2 dim Increase due to underlying dump 1.1 - 2.0 Durability Reduction Factor 1.55

Required Factor of Safety, FSreq = 1.5

Factor of Safety, FS = 1.83 OK

Tallow = 3332

Treqd = 1821

Project: MOT-4-19.30 Computed:

Project No.: 10368622 Checked:

Subject: Pavement Design - 5 ft Void Page:

Task: Reinforced Earth Mat Settlement - Upper GeoGrid Layer

Simplified to: �� � 2����	
�,  ��� � � 6�

����� � ���Ω (Koerner Eq 3.13) (see also α = pbΩ Giroud Eq. 7)

������ �
��� 

!"#$%!"&'%!"&($
(Koerner Eq. 3.13)

)* �
�+��,-

�./01
(3.5)

�� � 2����	
�2
 1 4 567.9:/< = >567.9 :/< (Koerner Eq. 3.11) (Giroud Eq 4)

?ℎ5�5, Ω � 0.25
CD

E
=

E

CD
(Koerner Eq. 3.14)  (Giroud Eq. 6)

Note: 

Deflection of the geosynthetic is based on the encountered pavement thicknesses compared to existing and proposed thicknesses provided on the 2003 Construction Drawings.  These drawings indicated a minimum
of approximately 4.5 inches of asphalt over 9 inches of portland concrete with a proposed overlay of 3.25 inches for a total assumed pavement of 16.75 inches.  The difference was assumed to be overlays to
accomodate for deflection between 2003 and 2023.  This ranged from approximately 2.5 inches to 4.5 inches.  A value of 3.0 inches was adopted as the estimated possible additional settlement over the next 20 years.

Refer to discussion on the summary page
regarding assumptions for multiple layers of
geogrid and factors of safety determination.
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From: Designing with Geosynthetics (Koerner)

From : “Column-Supported Embankments: Full-Scale Tests and Design Recommendations.” From: FHWA-NHI-00-043

Task: Reinforced Earth Mat Settlement - Upper GeoGrid Layer

Project No.: 10368622 Checked:

Subject: Pavement Design - 5 ft Void Page:

Project: MOT-4-19.30 Computed:

Reduction for Installation Damage 

Based on the low-end for paved roads per
Koerner (1.20) which is slightly more
conservative than the values in FHWA
(1.05).  It is assumed the construction
conditions will be generally favorable based
on the encountered granular embankment fill
and location along an already established
State highway.

Reduction for Creep

As the geogrid soil mat will extend to the
embankment slopes, the upper end of the
recommended value as provided by Koerner
(3.0) for Embankments was adopted. This
also served to select a value that was closer
to the FHWA values ranging from 4 or 5.

Reduction for Chemical 

As the project site is overlying a known
abandoned dump comprised of various
refuse and construction debris, the maximum
recommended value for both Koerner and
FHWA of 2.0 was adopted.
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REFERENCE: 

1) Giroud, Jeanpierre & Bonaparte, Rudolph & Beech, J. & Gross, Beth. (1988). Load-carrying capacity of a soil layer supported by a geosynthetic overlying a void. 

Proceedings of the International Geotechnical Symposium on Theory and Practice of Earth Reinforcement. 185-190.

2) Giroud, Jeanpierre & Bonaparte, Rudolph & Beech, J.F. & Gross, Beth. (1990). Design of soil layer-geosynthetic systems overlying voids. 

Geotextiles and Geomembranes. 9. 11-50. 10.1016/0266-1144(90)90004-V.

3) Koerner, Robert M.. “Designing with Geosynthetics.” Fifth Edition. (2005).

4) Sloan, Joel A., Filz, George M., Collin, Fames G., Kumar, Pawan. “Column-Supported Embankments: Full-Scale Tests and Design Recommendations.” 2nd Edition. 

Virginia Tech Center for Geotechnical Practice Research (CGRP) Report 77. (2014).

5) Federal Highway Administration (FHWA), Elias, Victor et al.

 "Mechanically Stabilized Earth Walls and Reinforced Soil Slopes: Design and Construction Guidelines (Updated Version)" , FHWA-NHI-00-043, 2001

Vertical Stress on the Structure or Reinforcement layer, σz = 237.3 psf

Avg Unit Weight of Material Above the Settlement Area, Yavg = 130 pcf

Size of void (b,r) = 5 feet

for Circular Voids, use Radius, r

Infinitiely long voids use Width, b

Total Height Above Settlement Zone, H = 2 feet

Geosynthetic Deflection, y = 0.25 feet

Surcharge Pressure Placed at Ground Surface, q = 250 psf

Required Tensile Strength, Treqd = 2996 lbs/ft

Dimensionless Factor, Ω = 2.53

Allowable Tensile Strength to be used for Final Design, Tallow = 3332  lbs / ft

Ultimate Tensile Strength from A Standard In-Isolation Tensile Test, Tult = 23989 lbs / ft (Total of all layers)

Ultimate Tensile Strength from A Standard In-Isolation Tensile Test, Tult = 23,989 lb / ft (per Layer) Ultimate Strength Based on values for Triax TX190L (NX850 not available)

number of geogrid layers = 1

Typical Values Average Typical Values

Reduction Factor For Install Damage, RFID = 1.2 dim 1.05 - 3.0 Installation Damage Reduction Factor 2.03

Reduction Factor for Avoiding Lifetime Creep, RFCR = 3 dim Increase due to settlement potential 1.65 - 5.0 Creep Reduction Factor 3.325

Reduction Factor for Chemical and Biological Degradation, RFCBD = 2 dim Increase due to underlying dump 1.1 - 2.0 Durability Reduction Factor 1.55

Required Factor of Safety, FSreq = 1.5

Factor of Safety, FS = 1.11 NO

Tallow = 3332

Treqd = 2996

Project: MOT-4-19.30 Computed:

Project No.: 10368622 Checked:

Subject: Pavement Design - 5 ft Void Page:

Task: Reinforced Earth Mat Settlement - Middle GeoGrid Layer

Simplified to: �� � 2����	
�,  ��� � � 6�

����� � ���Ω (Koerner Eq 3.13) (see also α = pbΩ Giroud Eq. 7)
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(Koerner Eq. 3.13)
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(3.5)

�� � 2����	
�2
 1 4 567.9:/< = >567.9 :/< (Koerner Eq. 3.11) (Giroud Eq 4)

?ℎ5�5, Ω � 0.25
CD

E
=

E

CD
(Koerner Eq. 3.14)  (Giroud Eq. 6)

Note: 

Deflection of the geosynthetic is based on the encountered pavement thicknesses compared to existing and proposed thicknesses provided on the 2003 Construction Drawings.  These drawings indicated a minimum
of approximately 4.5 inches of asphalt over 9 inches of portland concrete with a proposed overlay of 3.25 inches for a total assumed pavement of 16.75 inches.  The difference was assumed to be overlays to
accomodate for deflection between 2003 and 2023.  This ranged from approximately 2.5 inches to 4.5 inches.  A value of 3.0 inches was adopted as the estimated possible additional settlement over the next 20 years.

Refer to discussion on the summary page
regarding assumptions for multiple layers of
geogrid and factors of safety determination.
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From: Designing with Geosynthetics

From : “Column-Supported Embankments: Full-Scale Tests and Design Recommendations.” From: FHWA-NHI-00-043

Task: Reinforced Earth Mat Settlement - Middle GeoGrid Layer

Project No.: 10368622 Checked:

Subject: Pavement Design - 5 ft Void Page:

Project: MOT-4-19.30 Computed:

Reduction for Installation Damage 

Based on the low-end for paved roads per
Koerner (1.20) which is slightly more
conservative than the values in FHWA
(1.05).  It is assumed the construction
conditions will be generally favorable based
on the encountered granular embankment fill
and location along an already established
State highway.

Reduction for Creep

As the geogrid soil mat will extend to the
embankment slopes, the upper end of the
recommended value as provided by Koerner
(3.0) for Embankments was adopted. This
also served to select a value that was closer
to the FHWA values ranging from 4 or 5.

Reduction for Chemical 

As the project site is overlying a known
abandoned dump comprised of various
refuse and construction debris, the maximum
recommended value for both Koerner and
FHWA of 2.0 was adopted.
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REFERENCE: 

1) Giroud, Jeanpierre & Bonaparte, Rudolph & Beech, J. & Gross, Beth. (1988). Load-carrying capacity of a soil layer supported by a geosynthetic overlying a void. 

Proceedings of the International Geotechnical Symposium on Theory and Practice of Earth Reinforcement. 185-190.

2) Giroud, Jeanpierre & Bonaparte, Rudolph & Beech, J.F. & Gross, Beth. (1990). Design of soil layer-geosynthetic systems overlying voids. 

Geotextiles and Geomembranes. 9. 11-50. 10.1016/0266-1144(90)90004-V.

3) Koerner, Robert M.. “Designing with Geosynthetics.” Fifth Edition. (2005).

4) Sloan, Joel A., Filz, George M., Collin, Fames G., Kumar, Pawan. “Column-Supported Embankments: Full-Scale Tests and Design Recommendations.” 2nd Edition. 

Virginia Tech Center for Geotechnical Practice Research (CGRP) Report 77. (2014).

5) Federal Highway Administration (FHWA), Elias, Victor et al.

 "Mechanically Stabilized Earth Walls and Reinforced Soil Slopes: Design and Construction Guidelines (Updated Version)" , FHWA-NHI-00-043, 2001

Vertical Stress on the Structure or Reinforcement layer, σz = 337.1 psf

Avg Unit Weight of Material Above the Settlement Area, Yavg = 130 pcf

Size of void (b,r) = 5 feet

for Circular Voids, use Radius, r

Infinitiely long voids use Width, b

Total Height Above Settlement Zone, H = 3 feet

Geosynthetic Deflection, y = 0.25 feet

Surcharge Pressure Placed at Ground Surface, q = 250 psf

Required Tensile Strength, Treqd = 4256 lbs/ft

Dimensionless Factor, Ω = 2.53

Allowable Tensile Strength to be used for Final Design, Tallow = 3332  lbs / ft

Ultimate Tensile Strength from A Standard In-Isolation Tensile Test, Tult = 23989 lbs / ft (Total of all layers)

Ultimate Tensile Strength from A Standard In-Isolation Tensile Test, Tult = 23,989 lb / ft (per Layer) Ultimate Strength Based on values for Triax TX190L (NX850 not available)

number of geogrid layers = 1

Typical Values Average Typical Values

Reduction Factor For Install Damage, RFID = 1.2 dim 1.05 - 3.0 Installation Damage Reduction Factor 2.03

Reduction Factor for Avoiding Lifetime Creep, RFCR = 3 dim Increase due to settlement potential 1.65 - 5.0 Creep Reduction Factor 3.325

Reduction Factor for Chemical and Biological Degradation, RFCBD = 2 dim Increase due to underlying dump 1.1 - 2.0 Durability Reduction Factor 1.55

Required Factor of Safety, FSreq = 1.5

Factor of Safety, FS = 0.78 NO

Tallow = 3332

Treqd = 4256

Project: MOT-4-19.30 Computed:

Project No.: 10368622 Checked:

Subject: Pavement Design - 5 ft Void Page:

Task: Reinforced Earth Mat Settlement - Bottom GeoGrid Layer

�� � 2����	
�2
 1 4 567.9:/< = >567.9 :/< (Koerner Eq. 3.11) (Giroud Eq 4)

Simplified to: �� � 2����	
�,  ��� � � 6�

����� � ���Ω (Koerner Eq 3.13) (see also α = pbΩ Giroud Eq. 7)

?ℎ5�5, Ω � 0.25
CD

E
=

E

CD
(Koerner Eq. 3.14)  (Giroud Eq. 6)
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Note: 

Deflection of the geosynthetic is based on the encountered pavement thicknesses compared to existing and proposed thicknesses provided on the 2003 Construction Drawings.  These drawings indicated a minimum
of approximately 4.5 inches of asphalt over 9 inches of portland concrete with a proposed overlay of 3.25 inches for a total assumed pavement of 16.75 inches.  The difference was assumed to be overlays to
accomodate for deflection between 2003 and 2023.  This ranged from approximately 2.5 inches to 4.5 inches.  A value of 3.0 inches was adopted as the estimated possible additional settlement over the next 20 years.

Refer to discussion on the summary page
regarding assumptions for multiple layers of
geogrid and factors of safety determination.



DCM Date: 11/13/2023

DMV Date: 12/6/2023

2 of 2

From: Designing with Geosynthetics

From : “Column-Supported Embankments: Full-Scale Tests and Design Recommendations.” From: FHWA-NHI-00-043

Task: Reinforced Earth Mat Settlement - Bottom GeoGrid Layer

Project No.: 10368622 Checked:

Subject: Pavement Design - 5 ft Void Page:

Project: MOT-4-19.30 Computed:

Reduction for Installation Damage 

Based on the low-end for paved roads per
Koerner (1.20) which is slightly more
conservative than the values in FHWA
(1.05).  It is assumed the construction
conditions will be generally favorable based
on the encountered granular embankment fill
and location along an already established
State highway.

Reduction for Creep

As the geogrid soil mat will extend to the
embankment slopes, the upper end of the
recommended value as provided by Koerner
(3.0) for Embankments was adopted. This
also served to select a value that was closer
to the FHWA values ranging from 4 or 5.

Reduction for Chemical 

As the project site is overlying a known
abandoned dump comprised of various
refuse and construction debris, the maximum
recommended value for both Koerner and
FHWA of 2.0 was adopted.



Client Chagrin Valley Engineers

Project MOT-4-19.30

Task Determination of Assumed Future Settlement for Void Calculation

4.5 Asphalt (in.)

9 Portland Cement Concrete (in.)

1.5 Surface Course (in.)

1.75 Intermediate Course (in.)

16.75 Total (in.)

(in.) (in.) (in.) NOTES

B-001-1-23 12 -- 12

B-002-1-23 12 9 21 Composite Pavement

B-002-2-23 9 -- 9

B-003-1-23 14 -- 14

B-004-1-23 27 -- 27

B-004-2-23 10 8 18 Composite Pavement

B-008-0-23 13 -- 13

B-009-0-23 17 -- 17

B-010-0-23 30 12 42

B-011-0-23 12 -- 12

Average = 12.375 (All Asphalt) Average (considering composite pavements)

2003 Asphalt Thickness = 7.75 **Negative values reduced to zero

Average (-7.75 inch) = 4.625 (Encountered Asphalt Reduced by 2003 Asphalt Values)

Assumed overlays due to settlement ranges from approximately 

XYZ = omitted as outlier From 2.750 inches

To 4.625 inches

Adopted Value : 3 inches

Total Pavement Thickness

Exploration Number

Asphalt Thickness Reinforced Concrete Thickness

2003 Plans Composite Pavement Section

(Total 2003 Pavement) - (2023 Encountered Pavement)**

0

0.25

25.25

0

2.750

4.25

0

0

10.25

1.25

0



Product Data Sheet 

 InterAx® FilterGrid™ NX850-FG™ 

Tensar, a division of CMC, reserves the right to change its product specifications at any time.  It is the responsibility of the person specifying the use of this product 

and of the purchaser to ensure that product specifications relied upon for design or procurement purposes are current and that the product is suitable for its 

intended use in each instance. 

InterAx® FilterGrid™ is a composite geosynthetic consisting of InterAx geogrid bonded to a nonwoven geotextile. 

This product combines the most advanced InterAx geogrid technology with the added functionality of a nonwoven 

geotextile where site conditions require additional filtration and/or separation. 

General 

1. The geogrid is manufactured from a coextruded, composite polymer sheet, which is then punched and oriented.  The

resulting structure consists of continuous and non-continuous ribs forming three aperture geometries (hexagon, trapezoid,

and triangle) and an unimpeded suspended hexagon.

2. The following properties are intended for product identification:

3. The needle punched nonwoven geotextile (nominal 6 oz / sy) is thermally bonded to the geogrid and is manufactured at a

NTPEP audited facility. The geotextile shall have the following properties:

Identification Properties1 General

▪ Aperture shapes

▪ Structure

▪ Rib shape

▪ Continuous parallel rib pitch(2), mm (in)

▪ Rib aspect ratio(3)

▪ Node thickness(2), mm (in)

▪ Color identification

Hexagonal, Trapezoidal, & Triangular 

Coextruded & Integrally Formed 

Rectangular 

80 (3.2) 

> 1.0

4.5 (0.18)

White / Black / White

Index Properties - Geotextile Test Method English (MARV2)  Metric (MARV2) 

▪ Grab Tensile Strength ASTM D 4632 160lbs. 0.711 kN 

▪ Grab Elongation ASTM D 4632 50% 50% 

▪ Trapezoid Tear Strength ASTM D 4533 60 lbs. 0.267 kN 

▪ CBR Puncture Resistance ASTM D 6241 410 lbs. 1.823 kN 

▪ Permittivity ASTM D 4491 1.5 sec-1 1.5 sec-1 

▪ Water Flow ASTM D 4491 110 gpm/ft2 4480 l/min/m2 

▪ Apparent Opening Size (AOS) ASTM D 4751 70 Std. U.S. 

Sieve

0.212 mm 

▪ UV Resistance ASTM D 4355 70%/500 hrs. 70%/500 hrs. 

Tensar NX850 Geogrid 

Perspective View 
Tensar NX850 Geogrid 

Plan View  



Dimensions and Delivery 

Notes 

1. Unless indicated otherwise, values shown are minimum average roll values determined in accordance with ASTM D4759-02 

2. Nominal dimensions 

3. Ratio of the mid-rib depth to the mid-rib width 

Tensar, a Division of CMC
2500 Northwinds Pkwy., Ste. 500 

Alpharetta, Georgia 30009 

Phone: 800-TENSAR-1 

www.tensarcorp.com 

The geogrid shall be delivered to the jobsite in roll form with each roll individually identifie.  Rolls are shipped with nominal 

measurements.   

This specification supersedes any and all prior specifications for the product designated above and is not applicable to any 
product shipped prior to March 1, 2021. Tensar and InterAx are trademarks of Tensar, a division of CMC or its affiliates  in the 
US and many other countries.  U.S. and foreign patents pending on this product and its method of manufacture and use.  
Final determination of the suitability of the above-mentioned information or product for the use contemplated, and its manner 
of use are the sole responsibility of the user. Tensar disclaims any and all express, implied or statutory warranties, including 
but not limited to, any warranty of merchantability or fitness for a particular purpose regarding this product or the Company’s 
other products, technologies or services. The information contained herein does not constitute engineering advice. (07.22) 



Product Data Sheet  

InterAx® NX850™ Geogrid

Tensar, a division of CMC, reserves the right to change its product specifications at any time.  It is the responsibility of the person specifying the use of this product 

and of the purchaser to ensure that product specifications relied upon for design or procurement purposes are current and that the product is suitable for its 

intended use in each instance. 

General 

1. The geogrid is manufactured from a coextruded, composite polymer sheet, which is then punched and oriented.  The

resulting structure consists of continuous and non-continuous ribs forming three aperture geometries (hexagon, trapezoid,

and triangle) and an unimpeded suspended hexagon.

2. The following properties are intended for product identification:

Dimensions and Delivery 

Notes 

1. Unless indicated otherwise, values shown are minimum average roll values determined in accordance with ASTM D4759-02 

2. Nominal dimensions 

3. Ratio of the mid-rib depth to the mid-rib width 

Identification Properties1 General

▪ Aperture shapes

▪ Structure

▪ Rib shape

▪ Continuous parallel rib pitch(2), mm (in)

▪ Rib aspect ratio(3)

▪ Node thickness(2), mm (in)

▪ Color identification

Hexagonal, Trapezoidal, & Triangular 

Coextruded & Integrally Formed 

Rectangular 

80 (3.2) 

> 1.0

4.5 (0.18)

White / Black / White

Tensar, a Division of CMC 

2500 Northwinds Pkwy., Ste. 500 

Alpharetta, Georgia 30009 

Phone: 800-TENSAR-1 

www.tensarcorp.com 

Tensar NX850 Geogrid 

Perspective View 

Tensar NX850 Geogrid 

Plan View  

This specification supersedes any and all prior specifications for the product designated above and is not applicable to any 
product shipped prior to March 1, 2021. Tensar and InterAx are trademarks of Tensar, a division of CMC or its affiliates in the 
US and many other countries.  U.S. and foreign patents pending on this product and its method of manufacture and use.  
Final determination of the suitability of the above-mentioned information or product for the use contemplated, and its manner 
of use are the sole responsibility of the user. Tensar disclaims any and all express, implied or statutory warranties, including 
but not limited to, any warranty of merchantability or fitness for a particular purpose regarding this product or the Company’s 
other products, technologies or services. The information contained herein does not constitute engineering advice. (07.22) 

The geogrid shall be delivered to the jobsite in roll form with each roll individually identified.  Rolls are shipped with nominal 

measurements.   



Product Specification - TriAx® TX190L Geogrid 

 

 

  

 

 

 

 

 

 

Tensar International Corporation reserves the right to change its product specifications at any time.  It is the responsibili ty of the person specifying the use of this product and of the purchaser to ensure that 

product specifications relied upon for design or procurement purposes are current and that the product is suitable for its intended use in each instance. 

 

General 

1. The geogrid is manufactured from a punched polypropylene sheet, which is then oriented in three substantially 

equilateral directions so that the resulting ribs shall have a high degree of molecular orientation, which continues 

at least in part through the mass of the integral node. 

2. The properties contributing to the performance of a mechanically stabilized layer include the following: 

 

Index Properties      Longitudinal1    Diagonal1    General1 

▪ Rib pitch(2), mm (in) 

▪ Rib shape 

▪ Aperture shape 

 

60 (2.40) 

 

 

60 (2.40) 

 

 

 

 

 

 

Rectangular 

Triangular 

Structural Integrity     

▪ Junction efficiency(3), %  

▪ Isotropic Stiffness Ratio(4)  

▪ Overall Flexural Rigidity(5), mg-cm  

▪ Radial stiffness at low strain(6), kN/m @ 0.5% strain 

                                                                                 (lb/ft @ 0.5% strain) 

 

 

 

 

 

 

  93 

0.6 

1,500,000 

350 

(23,989) 

Durability     

▪ Resistance to chemical degradation(7) 

▪ Resistance to ultra-violet light and weathering(8) 

 

   100% 

 70% 

 

Dimensions and Delivery   

The TX geogrid shall be delivered to the jobsite in roll form with each roll individually identified and nominally measuring 4.0 meters (13.1 feet) in width and                

50 meters (164 feet) in length and/or 3.8 meters (12.5 feet ) in width and 50 meters (164 feet) in length. 

Notes 

1. Unless indicated otherwise, values shown are minimum average roll values determined in accordance with ASTM D4759-02.  Brief descriptions of test procedures 

are given in the following notes.  

2. Nominal dimensions. 

3. Load transfer capability determined in accordance with ASTM D6637-10 and ASTM D7737-11 and expressed as a percentage of ultimate tensile strength. 

4. The ratio between the minimum and maximum observed values of radial stiffness at 0.5% strain, measured on rib and midway between rib directions. 

5. Determined in accordance with ASTM D7748/D7748M-14. 

6. Radial stiffness is determined from tensile stiffness measured in any in-plane axis from testing in accordance with ASTM D6637-10. 

7. Resistance to loss of load capacity or structural integrity when subjected to chemically aggressive environments in accordance with EPA 9090 immersion testing.   

8. Resistance to loss of load capacity or structural integrity when subjected to 500 hours of ultraviolet light and aggressive weathering in accordance with ASTM D4355-
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Load-carrying capacity of a soil layer supported by a geosynthetic overlying a 
void 

J.P'Giroud 
GeoServices Inc. Consulting Engineers, Boynton Beach, Fla., USA 

R.Bonaparte, J.EBeech & B.A.Gross 
GeoServices Inc . Consulting Engineers, Norcross, Ga., USA 

ABSTRACT: This paper presents equations and charts to design soil layer-geosynthetic 
systems overlying voids such as cracks, sinkholes, and cavities. These equations and 
charts were developed by combining tensioned membrane theory (for the geosynthetic) with 
arching theory (for the soil layer), thereby providing a more realistic design approach 
than one that considers tensioned membrane theory only. 

INTRODUCTION 

1.1 Description of the problem 

In many practical situations, a load is 
applied on a soil layer-geosynthetic system 
that will eventually overlie a void. (In 
this paper, the term "void" is used 
generically for cracks, cavities , 
depressions, etc.) Typical examples 
inc lude road embankments or 1 ining systems 
constructed on foundations where localized 
subsidence or sinkholes may develop after 
construction. 

The design engineer has to verify that 
the load is ad eq ua te ly suppa rted by the 
soi l-geosynthet ic system, should the 
subsidence or sinkhole develop. 

1.2 Scope of this paper 

This paper p r es ents equat ions and charts 
for the case of a soil layer subjected to a 
uniformly distributed normal stress and 
overlying either an infinitely long void 
(plane-strain problem) or a circular void 
(axisynunetric problem). The parameters 
cons ide red in this paper are (Figure 1): b 
- width of the infinitely long void; r ­
radius of the circular void; H - thickness 
of the soil layer; y - unit weight of the 
soil; 41 - friction angle of the soil (soil 
cohesion is not considered); q - uniformly 
distributed normal stress applied on the 
top of the soil layer; y - geosynthetic 
deflection; and a - geosynthetlc tension 
(force per unit width) corresponding to the 
geosynthetic strain,t. 

1.3 Prior work 

The use of tensioned membrane theory to 
evaluate the load-carrying capacity of a 
geosynthetic bridging a void was presented 
by Giroud (1981). Subsequently, Giraud 
(1982) developed a design chart based on 
tensioned membrane theory . . This chart has 
often been used to evaluate the load­
carrying capacity of a soil layer 
associated with a geosynthetic. By doing 
so, the internal shear strength of the soil 
layer is neglected and this can be very 
conservative. Therefore, Bonaparte and 
Berg (1987) have suggested that arching 
theory (for the soil layer) be combined 
with tensioned membrane theory (for the 
geosynthetic) to enable a more realistic 
design approach. 

This paper significantly extends the 
earlier work of Giraud (1981 and 1982) and 
Bonapa rte and Be rg (1987) and prov ides the 
most extensive analysis yet of a soil­
geosynthetic system bridging a void. 

I,:,}, j 1j lllj JIU.' lH 
b or 2r . 

FIg. 1 Sch8C1latlc cross sectlon 
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1.4 Load carrring mechanism 

The soil and underlying geosynthetic are 
assumed to initially be resting on a firm 
foundation. At some point in time, a void 
of a certain size opens below the 
geosynthetic. Under the weight of the soil 
layer and any applied loads the 
geosynthet ic def lects. The deflect ion has 
two effects, bending of the soil layer and 
stretching of the geosynthetic. 

The bending of the soil layer generates 
arching inside the soil, which transfers 
part of the applied load away from the void 
area. As a resul t, the stresses 
transmitted to the geosynthetic over the 
void area are smaller than the pressure due 
to the weight of the soil layer and applied 
stresses. 

The stretching of the geosynthetic 
mobilizes a portion of the geosynthetic's 
strength. As a result, the geosynthetic 
acts as a "tensioned membrane" and can 
carry a load normal to its plane. 

--~~-
~ / / / / / / / ///1\'''-----// / / /. / / / 
/ / / / / / / /// / / )' / / / / / / / , 
//////////////////////
/ / / / / / / / / / / / / / / / / / / / /,' 

(8) 

------/ / / / / / 
/ / / / / / // 

/ / ////////
/////////// 

(b) 

(c) 

FIg. 2 Three desIgn sHuatlons: (a) thO! sol1 
-geosynthetlc system fa11 s; (b) the sol1­
geosynthetlc system exhibits limited deflect10n 
and br1dges the v01d; and (c) the sol 1­

geosYnthet1 c system daf1 ects unt11 the geosyn­
thet1 c comes 1n contact wi th the bottom of the 
void 
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As a result of geosynthetic stretching, 
three cases can be cons ide red : (i) the 
Boil-geosynthetic system fails (Figure 2a); 
(Ii) the soU-geosynthetic system eXhibits 
Bome limited deflection and bridges the 
void (Figure 2b); and (iii) the so11­
geosynthetic system deflects until the 
geosynthetic comes in contact with the 
bottom of the void (Figure 2c). In the 
latter case, the mobilized portion of the 
geosynthetic strength carries a portion of 
the load applied normal to the surface of 
the geosynthetic. The rest of the load is 
transmitted to the bottom of the void. 

2 ANALYSIS 

2.1 Approach 

The problem under consideration involves a 
complex soil-geosynthetic interaction. The 
problem can be greatly simplified, however, 
if the soil response (arching) is uncoupled 
from the geosynthetic response (tensioned 
membrane). Therefore, a two-step approach 
is used. First, the behavior of the soil 
layer is analyzed using classical arching 
theory. This step gives the pressure at 
the base of the soil layer on the portion 
of the geosynthetic located above the void. 
Second, tens l oned membrane theory is used 
to establish a relationship between the 
pressure on the geosynthetic, the tension 
and strain in the geosynthetic, and the 
deflection. 

An inherent assumption in this uncoupled 
two-step approach is that the soil 
deformation to generate the soil arch is 
compatible with the tensile strain to 
mobilize the geosynthetic tension. This 
assumption has not been verified. 

2.2 Arching theory 

Terzaghi (1943) has established the 
following equation for arching in the case 
of an infinitely long void, assuming that 
the lateral load transfer is achieved 
through shear stresses along vertical 
planes located at the edges of the void: 

y b 
p ­

2 K tanlj) 

+ q e-Z K tan~ H/b (1) 

where : p - pressure on the geosynthetic 

over the void area; K coefficient of 
lateral earth pressure; and other notations 
as defined in Section 1.2. 
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Using the Bame approach, Kezdi (1975) 

has established that Equation 1 can be used 
for a circular void if b is replaced by r 
(and not by 2r), which shows that arching 
is twice as significant for a circular void 
as compared to an infinitely long void. 

Selection of a value for the coefficient 
of lateral earth pressure, K, is not easy 
since the state of stress of the soil in 
the zone where arching develops is not well 
known. Handy (1985) has proposed the 
following value: 

K - 1.06 (cos28 + Ka s1n28) (2) 

Equation 2 was used previously by 
Bonaparte and Berg (1987). Another 
approach consists of using the coefficient 
of earth pressure at rest, expressed as 
follows, according to Jaky (1944): 

K - 1 - s1n~ (3) 

In Equation 1, K is always multiplied by 
tancjl. Calculations carried out using 
Equations 2 and 3, show that Ktancjl does not 
vary significantly with cjI, if ~ is equal to 
or greater than 20°, which is the case for 
virtually all granular soils. The 
calculations show' that a constant value of 
0.25 can be conservatively used for Ktancjl. 
As a result, Equation 1 becomes: 

p _ 2 yb (1 - e-O.SH/b) + q e-O.SH/b (4) 

-~ Ol_q_ 
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Equation 4 iB also valid for the 
circular void if b is replaced by r, and it 
vas used to establish the chart given in 
Figure 3. 

2.3 Tensioned membrane theory 

The tensioned membrane theory has been used 
by Giroud (1981, 1984) to deal vith the 
ca.e of a geosynthetic overlying a void and 
subjected to a uniformly distributed stress 
normal to its surface. 

In the case of an infinitely long void, 
the de f lected shape of the geosynthet ic is·· 
circular, the strain uniform, and the 
following relationship exist if ylb < 0.5: 

1 + € - 2 n s1n-1 [ 1/(2 n) ] (5) 

where: €, y, and b are as defined in 
Section 1.2; and n - is a dimensionless 
factor defined by: 

n - (1/4) [2y/b + b/(2y)] (6) 

As a result of Equations 5 and 6, there 
is a unique relationship between ylb, €, 
and n, which is given in Figure 4. 

Giroud (1981, 1984) has also shown that 
the tens ion in the geosynthet ic, in the 
case of an infinitely long void, is given 
by: 

a - p b n (7) 

2 

1.5 

0.5 

o 

y 

b 
or 

y 

2r 

~--~-L~---r---,----r--+O 

0.1 € 0.3 0.5 0 .57 
F1g. 3 Pressure, P. on the geosynthettc lind 

geosynthetlc tenslon. a flg. 4 Dllenslonless factor Q 
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As described by Giroud (1981), tho 
deflected shape of the geosynthetic is not 
a sphere in the case of a circular void. 
As a consequence, incorporating 2r 
(diameter) instead of b (width) into 
Equations 5 and 6 gives only an approximate 
value of the average geosynthetic strain, 
E. 

Since the strain is not uniform, the 
tension, a, in the case of a circular void 
is not uniformly distributed in the 
geosynthetic and its average value is given 
approximately by Equation 7, with r 
substituted for b (Giroud, 1981, 1984). 

It should be noted that Equation 7 can 
be used for a circular void only if the 
geosynthe~ic has isotropic tensile 
characteristics I.e., the same tensile 
characteristics in all directions. If this 
is not the Case, recol'llIllendations given in 
Section 4.1 should be followed. 

3 SOLUTION OF TYPICAL DESIGN PROBLEMS 

Typical design problems can be solved using 
the following equations which were 
obtained by combining Equations 4 arid . 7. 
In all the design cases considered below, 
the solution depends on the value of 0 
which depends either on the allowable 
geosynthetic strain, (, or on the allowable 
deflection, y. 

In this section, the depth of the void 
is assumed to be such that the geosynthetic 
is not in contact with the void bottom. 
The case where the geosynthetic comes in 
contact with the bottom of the void is more 
complex and will not be addressed in this 
paper. 

3.1 Determination of geosynthetic 
properties 

The relevant equation for an infinitely 
long void is: 

afO _ pb _ 2yb2(1 - e-O.5Hfb)+ q b e-O.5Hfb 
(8) 

Equation 8 can be rewritten in a 
dimensionless form as follows: 

a p q _____ 2(1 _ e-O.5Hfb)+ e-O.5Hfb 

yb2n yb yb (9) 

This equation, which is related to the 
infinitely long voId, was used to establish 

the chart in Figure 3. 

Equations 8 and 9 cnn be used for a 
circular void if b is replaced by r. 

The above equations can be used to solve 
problems which consist of determining the 
required geosynthetic tension, a, for a 
given strain, E, when all other parameters 
are given (b or r, q, H, and Y). 
Alternatively, the chart given in Figure 3 
can be used. 

3.2 Determination of soil layer thickness 

The relevant equation for an infinitely 
long void is: 

[qf(yb)] -2 
H - 2 b Log (10)

[af(yb20)] -2 

The same equation can be used for a 
circular void by substituting r for b. 

The above equation can be used to solve 
problems which consist of determining the 
required soil layer thickness, H, when all 
other parameters are given (b or r, q, y, 
a, and (). Alternatively, the chart given 
in Figure 3 can be used. 

3.3 Determination of maximum void size 

There is no simple equation giving the void 
size (b or r) as a function of the other 
parameters. In order to determine the 
maximum void size that a given soil layer­
geosynthetic s y stem can bridge, it is 
necessary to so l ve Equation 8 by trial and 
error. To facilitate the process, a chart 
has been established (Figure 5) by 
rewriting the two parts of Equation 9 in a 
dimensionless form as follows: 

_ e-O.5Hfb)p 2 (1 q 
e-O.5Hfb+ 


yH H/b yH 

(11 ) 

P a H 
(12) 

yH y H2 0 b 

In Figure 5, Equation 11 is represented 
by a family of curves and Equation 12 is 
represented by a family of straight lines 
at 45°. For a given set of parameters, the 
abscissa of the intersection between the 
relevant curve and the relevant straight 
line gives the maximum value of the width, 
h, of An infinitely long void. or the 
radius, r, of a circular void. 
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3_4 Determination of the maximum load 

The relevant equation for an infinitely 
long void is: 

[a/(yb2fl)] - 2 
q 2yb + { } yb (13)

e-O.5Hfb 

The same equat ion can be used for a 

circular void by substituting r for b. 

The above equation can be used to solve 
problems which consist of determining the 
maximum uniform normal stress, q, which can 
be applied on the top of the soil layer, 
when all other parameters are given (b or 
r, H, y, a, and €). Alternatively, the 
charts given in Figure 3 or 5 can be used. 

4 DISCUSSION 

4.1 Anisotropic geosynthetic 

Special precautions must be taken when 
using the equations and charts presented in 
this paper for anisotropic geosynthetics. 

In the case of a long void, the 

geosynthetic should be installed with its 
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stronger direction perpendicular to the 
length of the void since, theoretically, no 
strength is needed in the direction of the 
length of the void (according to the plane­
strain model which corresponds to an 
infinitely long void). However, some 
strength is required lengthwise in places 
where the actual situation departs from a 
pure plane-strain situation, for instance 
near the end of the void. 

In the case of a circular void, the 
tensioned membrane equation (Equation 7) is 
valid only if the geosynthetic has 
isotropic tensile characteristics_ For 
practical purposes, Equation 7, and other 
equations as well as charts related to 
circular voids, can be used for woven 
geotextiles and biaxial geogrids that have 
similar tension-strain curves in two 
perpendicular directions. For woven 
geotextiles and biaxial geogrids that have 
different tensile characteristics in the 
two principal directions, two cases can be 
considered with circular voids, depending 
on the ratio between the geosynthetic 
tensions at the d e sign strain in the weak 
and the strong d i rections: (i) if the 
ratio is more than 0.5, a should be taken 
equal to the tension in the weak direction; 
and (ii) if the ratio is . less than 0_5, a 
should be taken equal to half the tension 
in the strong direction_ 

The rationale in the first case is 
conservativeness_ The rationale in the 
second cas~ is as follows_ Comparison of 
Equation 7 written with b and the same 
equation written with r shows that, if the 
geosynthetic tension in one direction is 
less than half the tension in the other 
direction, the system placed over a 
circular void behaves as if it were on an 
infinitely long void with a width, b, equal' 
to the diameter, 2r, of the actual void. 
Therefore, Equation 7 must be used, in this 
case, with 2r (instead of b) and a, or with 
rand cr/2, as recommended above_ 

There is another consideration when an 
anisotropic geosynthetic is used over a 
circular void. The complex pattern of 
strains in the geosynthetic resulting from 
different tensions in different directions 
may have a detrimental effect on the 
behavior of the geosynthetic. Therefore, 
it is recommended that, for holes which can 
be modeled as . circular, isotropic 
geosynthetics (such as most nonwoven 
geotextiles) or "practically isotropic" 
seosynthetics (such as woven geotextiles or 
biaxial geogrids having Similar tension-
strain c urves in the two principal 
directions) be used. 



4.2 Influence of soil layer thickness 

The influen~e of the thickness of the soil 
layer is illustrated in Figure 3. Three 
cases can be considered. 

If the applied stress, q, is large 
(i.~., q > 2yb or 2yr), the pressure, p, on 
the geosynthetic, and consequently the 
required geosynthetic tension, a, decrease 
toward a limit as the soil layer thickness 
increases. In this case, it is benef icial 
to increase the thickness of the soil 
layer. For each particular situation, the 
amount by ",hich the thIckness should be 
increased can be determined using the chart 
given in Figure 3. This chart shows that 
it would be useless to increase the soil 
layer thickness beyond a limiting value of 
H - 20 b or 20 r. 

If the applied stress, q, is small 
(i.e., q < 2yb or 2yr), the pressure, p, on 
the geosynthetic, and consequently the re­
quired geosynthetic tension, a, .increase 
toward a limit as the soil thickness in­
creases. In this case, it is detrimental, 
from the perspective of the design of the 
geosynthetic, to increase the thickness of 
the soil layer. (This is because the added 
load due to soil weight is not fully 
compensated by the effect of soil arching.) 

If the applied stress; q, equals 2yb or 
2yr, the pressure, p, on the geosynthet Ic 
remains constant and equal to q, regardless 
of the soil layer thickness. 

The limit values for p and a are 
independent of the applied stress, q. The 
limit value for p is 2Yb for an infinitely 
long void or 2yr for a circular void. The 
limit value for a 1s ZYb2n for an 
infinitely long void or 2yr2n for a 
circular void. 

5 CONCLUSION 

The analys is shows that the thickness of 
the soil layer associated with the 
geosynthetic pl<!ys a s Ignif icant role. In 
contrast, the soil mechanical properties do 
not. It should not be inferred, however, 
that any soil will provide the same degree 
of arching. The equatIons used to prepare 
the tables and charts assume that the 
friction angle of the soil is at least 20°. 
Granular soils virtu~lly always meet this 
condition. However, · they should be well 
compacted to ensure arching because loose 
granular soils tend to contract when they 
are sheared or vibrated, which may destroy 
the arch. 

Further refinements of the method 
presented here in c an be cons Idered. For 
instance, it is possiblo that the degree of 
soil arching depends on the geosynthetic 
strain, whereas the method presented in 
this paper does not consider the concept of 
degree of soil arching. Also, the method 
could be expanded to include cohesive 
soils. (The equations and charts presented 
in this paper are essentially intended for 
granular soils; however, they can be used 
for saturated cohesive soils in the drained 
state, assuming that their cohesion is zero 
and provided that their drained friction 
angle is greater than 20°.) 

In spite of its limitations, the method 
presented in this paper is believed to be a 
useful tool for engineers designing 90il­
geosynthetic systems resting on subgrades 
which may subsequently develop voids. 
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ABSTRACT 

This paper presents equations, tables, and charts to design soil layer­
geosynthetic systems to span voids such as tension cracks, sinkholes, 
dissolution cavities, and depressions in foundation soils due to differential 
settlements or localized subsidence. These equations, tables, and charts 
were developed by combining tensioned membrane theory (for the geosyn­
thetic) with arching theory (for the soil layer), thereby providing a more 
complete design approach than one that considers tensioned membrane 
theory only. 

Design examples are presented to illustrate the solution of typical 
problems such as: selection of the required geosynthetic properties, deter­
mination of the maximum void size that can be bridged by a given system, 
and evaluation of the load-bearing capacity of a given system. 

NOTATION 

b Width of the infinitely long void (m) 
c Cohesion of the soil (N/m2) 

D Depth of the void (m) 
H Thickness of the soil layer (m) 
K Coefficient of lateral earth pressure (dimensionless) 
Ka Coefficient of active earth pressure (dimensionless) 
p Pressure on the geosynthetic (i.e. vertical stress at the bottom of the 

soil layer) over the void area (N/m2} 

11 
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Plim Limit value for the pressure on the geosynthetic, over the void area 
(N/m2) 

Pb Pressure transmitted to the bottom of the void (N/m2 ) 

p0 Pressure on the geosynthetic over the void area neglecting soil 
arching (N/m2) 

q Uniformly distributed normal stress applied on top of the soil layer 
(N/m2) 

r Radius of the circular void (m) 
r max Maximum radius of a circular void which can be bridged by a given 

geosynthetic (m) 
s Soil shear strength (N/m2) 

y Geosynthetic deflection (m) 
z Depth measured from the top of the soil layer (m) 

a Geosynthetic-tension (force per unit width) corresponding to the 
geosynthetic strain s (Nim) 

alim Limit value for the required geosynthetic tension (N/m) 
s Geosynthetic- strain (dimensionless) 
')' Unit weight of soil (N/m3) 

fl Factor related to y and s (dimensionless) 
</> Friction angle of the soil (degrees and dimensionless) 
uH Horizontai stress at depth z (N/m2) 

uv Vertical stress at depth z (N/m2) 

INTRODUCTION 

Description of the Problem 

In many practical situations, a load is applied on a soil layer-geosynthetic 
system that will eventually overlie a void. (In this paper, the term 'void' is 
used generically for cracks, cavities, depressions, etc.) Two typical exam­
ples are a road embankment or a lining system for a reservoir constructed 
on a foundation where localized subsidence may develop. 

The design engineer has to verify that, should subsidence develop, the 
geosynthetic layer can support the loads applied by the overlying soil and 
any other source (such as traffic on the road or the liquid in the reservoir) 
without failing or undergoing excessive deflection. The soil-geosynthetic 
system deflects over the void, and, from a design standpoint, three 
possibilities must be considered: 

• The geosynthetic fails (Fig. 1 (a)). 



{a) 

{b) 

/ 
/ 

{c) 
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Fig. 1. Three design situations: (a) the geosynthetic fails; (b) the geosynthetic undergoes 
limited deflection and bridges the void; and (c) the geosynthetic deflects until it comes in 

contact with the bottom of the void. 

• The geosynthetic undergoes limited deflection and bridges the void 
(Fig. l(b)). 

• The geosynthetic deflects until it comes in contact with the bottom of 
the void (Fig. l(c)). 

The Nature of Voids 

Examples of voids that can develop under a geosynthetic are discussed 
below: 

Tension Cracks 
Such cracks can occur in non-saturated cohesive soils subjected to tensile 
stresses and/or differential movements caused by settlement or other 
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Fig. 2. Large tension crack formed under a geomembrane liner. 

Fig. 3. Mechanism of tension crack formation at the toe of the side slope of a reservoir (not 
to scale). (After Loudiere and Perrin. 1) 

mechanisms. A case has been reported1 where very large cracks (0· 1-
0· 3 m wide) developed in the cohesive soil located under the geomem­
brane liner of a reservoir (Fig. 2). The cracks occurred near the toe of the 
side slopes of the reservoir. In this area, tensile stresses and differential 
movements resulted from the different water pressure orientations on the 
bottom and on the slopes, as shown in Fig. 3. 

• 
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(a) 

(b) 

(c) 

Fig. 4. Sinkhole in a karstic limestone mass: (a) before collapse; (b) after partial collapse; 
and (c) after complete collapse. 

Fissures and Cracks in Bedrock 
Soil layers or masses are sometimes constructed on a bedrock with fissures 
or cracks. A rare but important case is the construction of the clay core of a 
dam on a bedrock where cracks may develop. Some dam failures have 
resulted from this situation. 

Sinkholes due to Karstic Collapse 
Karstic limestone masses contain pockets or chimneys filled with soil. 
Water or other liquids seeping through a karstic limestone mass may 
remove soil from these pockets or chimneys, thereby creating a void which 
can be on the order of one to several meters in diameter (Fig. 4). These 
voids are usually referred to as sinkholes. The bursting of a geomembrane 
liner installed on a mass of karstic limestone which subsequently collapsed 
has been described by Giraud and Goldstein2 and Giroud. 3 Karstic 
collapses can occur under other types of structures, such as road embank­
ments, as discussed by Bonaparte and Berg.4 

Soil Dissolution 
Dissolution cavities can be caused by water in soils containing gypsum or 
by acid in soils containing calcium carbonate. The senior author has 
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Fig. 5. Dissolution Cavity. This cavity in high gypsum content soil was caused by water 
leaking through a concrete canal liner. 

observed cavities about one meter deep and one meter wide caused by: (i) 
water leaking through the concrete liner of canals constructed in soils with 
a high gypsum content (Fig. 5); and (ii) phosphoric acid leaking through a 
faulty seam of the geomembrane liner of a reservoir constructed on a high 
calcium-carbonate content soil (Fig. 6). 5 

Di ff erentiatSettlement 
Depressions in the ground surface may be formed when a localized area 
settles more than the rest ('differential settlement'). There are many 
situations where depressions result from differential settlement. These 
include depressions resulting from: (i) differential settlement of municipal 
solid waste (resulting from the heterogeneity of the waste) affecting a 
geosynthetic-soil cover system placed on the waste; (ii) settlement of a 
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Fig. 6. Dissolution Cavfty. This cavity in high calcium-carbonate content soil was caused by 
phosphoric acid leaking through a geomembrane liner. 

localized lens of compressible soil; (iii) thawing of subsurface ice lenses; 
and (iv) settlement of a poorly compacted trench backfill. Tisserand6 has 
reported a case of geomembrane failure over the depression resulting from 
trench backfill settlement. Differential settlement due to lenses of com­
pressible soils frequently occur under road embankments.· 

Localized Subsidence 
The surface of the ground may be locally depressed as a result of the 
collapse of underground cavities such as: natural caves, tunnels, mine 
workings, pipes, and tanks. Localized subsidence may also occur at the 
surface of municipal solid waste as a result of the collapse of deteriorating 
structures such as refrigerators. 
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Classification of Voids 

Two shapes of voids are considered in the study presented in this paper: 
infinitely long voids with a width band circular voids with a diameter 2r. 
The voids presented above can therefore be put into two categories: 

• Cracks and depressions resulting from trench backfill settlement may 
be modeled approximately as an infinitely long void. 

• Karstic sinkholes, dissolution cavities, municipal solid waste settle­
ment, lens settlement, soil surface depressions and ground subsi­
dence may be modeled approximately as a circular void. 

In the case of cracks and complete karstic collapse (Fig. 4( c)), the 
geosynthetic deflects without reaching the bottom of the void. With the 
other types of voids, the geosynthetic may or may not reach the bottom of 
the void, depending on the geometry of the void, the modulus of the 
geosynthetic and the applied loads. 

Load-Carrying Mechanism 

The soil layer and underlying geosynthetic are assumed initially to be 
resting on a firm foundation. At some point in time, a void of a certain size 
opens below the geosynthetic. Under the weight of the soil layer and any 
applied loads, the geosynthetic deflects. The deflection has two effects; 
bending of the soil layer and stretching of the geosynthetic. 

The bending of the soil layer generates arching inside the soil, which 
transfers part of the applied load away from the void area, as shown in Fig. 
7. As a result, the vertical stress, av, over the void area is smaller than the 
average vertical stress, yH + q, due to the weight of a soil layer of 
thickness Hand an applied uniform normal stress of magnitude q. 

The stretching of the geosynthetic mobilizes a portion of the geosynthe­
tic's strength. Consequently, the geosynthetic acts as a 'tensioned mem­
brane' and can carry a load applied normally to its surface. As a result of 
geosynthetic stretching, two cases can be considered: 

• In the first case, the stretched geosynthetic comes in contact with the 
bottom of the void. The mobilized portion of the geosynthetic 
strength carries a portion of the load applied normal to the surface of 
the geosynthetic. The rest of the load is transmitted to the bottom of 
the void. 

• In the second case, the geosynthetic does not deflect enough to come 
in contact with the bottom of the void. In this case, either the 
geosynthetic is strong enough to support the entire load applied 
normal to its surface or it fails. 
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Fig. 7. Effect of soil arching on load distribution. 

In summary, the soil-geosynthetic system deflects and the geosynthetic 
stretches until it fails (Fig. l(a)) or until an equilibrium condition is 
reached (Fig. l(b) or l(c)). 

Scope of this Paper 

This paper presents the development and use of equations, tables, and 
charts for the case of a soil layer subjected to a uniformly distributed 
normal load and resting on a geosynthetic overlying a rigid foundation 
containing a single infinitely long void (plane-strain problem) or circular 
void (axisymmetric problem). The parameters considered in this paper 
are: 

• Geometric Parameters: These include the thickness of the soil layer 
and the geometry of the void (width of an infinitely long void or 
diameter of a circular void, and depth of void) (Fig. 8). 

• Mechanical Parameters: These include the soil mechanical properties 
and the geosynthetic tensile behavior (expressed by its tension-strain 
curve). 

• Loading Conditions: These include the unit weight of the soil layer 
and the load exerted on the top of the soil layer, which is assumed to 
be normal and uniformly distributed. 

The equations, tables, and charts make it possible to solve design prob­
lems such as: 

• select the required geosynthetic mechanical properties when the 
geometric parameters and the loading conditions are known; 
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• determine the required thickness of the soil layer associated with a 
given geosynthetic over a given void and subjected to given loading 
conditions; 

• determine the void size that a given geosynthetic may bridge when it 
is associated with a given soil layer subjected to given loading 
conditions; and 

• determine the maximum load which can be carried by a given 
soil-geosynthetic system over a given void. 

The solution of any of the above design problems depends on the allow­
able geosynthetic strain. 

Originality of this Paper 

The use of tensioned membrane theory to evaluate the load-carrying 
capacity of a geosynthetic bridging a void was presented by Giroud. 7 

Subsequently, Giroud8 developed a design chart based on tensioned 
membrane theory. This chart has often been used to evaluate the load­
carrying capacity of a soil layer associated with a geosynthetic. By doing 
so, the internal shear strength of the soil layer is neglected, and this can be 
very conservative. Therefore, Bonaparte and Berg4 combined arching 
theory (for the soil layer) with tensioned membrane theory (for the 
geosynthetic) to formulate a more complete design approach. 

This paper significantly extends the earlier work of Giroud7•8 and 
Bonaparte and Berg4 and provides an extensive analysis of soil­
geosynthetic system bridging a void. 

ANALYSIS 

Assumptions 

The void can be either circular (diameter 2r) or infinitely long (width b). 
Regarding the bottom of the void, two cases can be considered: (i) a 
bottomless void (Fig. 8(a)); and (ii) a bottom with a maximum depth D 
and a spherical shape (for the circular void) or a cylindrical shape with a 
circular cross section (for the infinite void) (Fig. 8(b )). From a design 
standpoint, both cases are identical if the deflection y of the geosynthetic is 
less than the depth of D of the void. 

The soil layer is assumed to be horizontal and to have a uniform 
thickness H. The stress q applied on the soil layer is assumed to be normal 
and uniformly distributed. 
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Fig. 8. Schematic cross section for theoretical analysis. Two cases can be considered: (a) the 
void is bottomless; and (b) the bottom of the void is assumed to have a circular cross section 
and the depth of the void is D. The void located under the geosynthetic is either infinitely 
long (with a width b), or circular (with a diameter 2r); y is the geosynthetic deflection. 

Relevant geosynthetic properties are the tension-strain curve or, at 
least, the tension a corresponding to the design strain e. 

Relevant soil properties are the friction angle</> and the cohesion c. For 
the analysis presented in this paper, the cohesion is neglected. In other 
words, the charts are established for c = 0 and can be conservatively used 

·for c > 0. Also, it will be shown that the friction angle </> does not have a 
significant influence on the analysis results if it is equal to or greater than 
20°. 
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Approach 

The problem under consideration involves a complex soil-geosynthetic 
interaction. The problem can be greatly simplified, however, if the soil 
response (arching) is uncoupled from the geosynthetic response (ten­
sioned membrane). Therefore, a two-step approach is used. First, the 
behavior of the soil layer is analyzed using classical arching theory. This 
step gives the pressure at the base of the soil layer on the portion of the 
geosynthetic located above the void. Second, tensioned membrane theory 
is used to establish a relationship between the pressure on the geosynthe­
tic, the tension and strain in the geosynthetic, and the deflection of the 
geosynthetic. Accordingly, the following sections deal with arching 
theory, tensioned membrane theory, and the combination of both. 

An inherent assumption in this uncoupled two-step approach is that the 
soil deformation required to generate the soil arch is compatible with the 
tensile strain required to mobilize the geosynthetic tension. This assump­
tion has not been verified. 

Arching Theory (see Fig. 9) 

When the geosynthetic deflects, arching develops in the soil layer. As a 
result, a portion of the applied stress is transmitted laterally and, conse­
quently, the normal stress transmitted to the portion of the geosynthetic 
located above the void is smaller than the average vertical stress due to the 
weight of the soil layer and the uniformly distributed normal stress applied 
on top of the soil layer (Fig. 7). The procedures for calculating the reduced 

SOIL 
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I I 
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Fig. 9. Derivation of arching equation. 
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stress transmitted to the portion of the geosynthetic located above the void 
are presented below for an infinitely long void and a circular void. 

Infinitely Long Void 
Terzaghi9 has established equations for soil arching over an infinitely long 
void assuming that the lateral load transfer is achieved through shear 
stresses along vertical planes located at the edges of the void (Fig. 9). As a 
result of this assumption, the incremental change in vertical stress, duy, 
due to an incremental change in depth, dz, is given by 

dav = [y-2(s!b)]dz (1) 

where: b = width of the infinitely long void; uv = vertical stress at depth 
z; 'Y = unit weight of soil; z = depth measured from the top of the soil 
layer; ands = soil shear strength. Basic SI units are: b(m), uv (N/m2), 'Y 
(N/m3), z (m), ands (N/m2). 

The soil shear strength along a vertical plane is expressed by 

s = c + uH tan </> (2) 

where: c = cohesion of the soil; uH = horizontal stress at depth z; and 
</> = friction angle of the soil. Basic SI units are: s (N/m2), c (N/m2), 

CTtt (N/m2), and</> (degrees); </>is dimensionless. 
The relationship between the horizontal stress and the vertical stress is 

given by the following classical relationship 

(3) 

where: K = coefficient of lateral earth pressure (dimensionless). 
It should be noted that many of the relationships presented in this paper 

are valid for both effective and total stress conditions; however, eqn (3) is 
valid only for effective stress conditions. 

Combining eqns (1), (2) and (3) and solving the differential equation for 
the boundary condition uv = q for z = 0 gives 

CTy = b( 'Y - 2cfb) [1 _ e-Ktan </>(2z/b)] + q e-Ktan </>(2z/b) 

2Ktan </> 
(4) 

where: q = uniformly distributed normal stress applied on the top of the 
soil layer (basic SI unit: N/m2); all other notations as defined above and in 
the Notations section. 

The pressure on top of the geosynthetic, over the void area, p, is the 
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value of uv for z = Hin eqn ( 4). If the soil cohesion, c, is assumed to equal 
zero, the value of pis 

p = yb (l-e-2Ktan<f>H/b]+qe-2Ktan<f>H/b 

2Ktan </> 
(5) 

where: p = pressure on top of the geosynthetic (i.e. vertical stress at the 
bottom of the soil layer), over the void area (basic SI unit: N/m2); and 
other notations as defined above and in the Notations section. 

Circular Void 
Using the same approach, Kezdi10 has established that eqn (5) can be used 
for a circular void if bis replaced by r (and not by 2r), which shows that 
arching is twice as significant for a circular void compared to an infinitely 
long void. 

Practical Approximate Equations 
Selection of the value of the coefficient of lateral earth pressure is not easy 
since the state of stress of the soil in the zone where arching develops is not 
fully understood. Handy11 has made a thorough analysis of soil arching 
and proposed the following value 

K = 1 ·06( cos2 0 + Ka sin2 0) 

with 

0 = 45° + <f>/2 

and 

Ka = tan2 ( 45° - <f>/2) 

(6) 

(7) 

(8) 

where: Ka = coefficient of active earth pressure (dimensionless); and 
other notations as defined above and in the Notations section. 

Another approach would consist of using the coefficient of earth 
pressure at rest, expressed as follows, according to Jaky12 

K = 1- sin</> (9) 

In eqn (5), K is multiplied by tan<f>. Values of Ktan<f>, calculated using 
eqns (6) and (9), are given in Table 1. It appears that Ktan<f> does not vary 
significantly with <f>, if <f> is equal to or greater than 20°, which is the case for 
virtually all granular soils and for many fine-grained soils under drained 
conditions. Therefore, a constant value of 0·25 can be used for Ktan<f> 
when <f> is equal to or greater than 20°. As a result, eqn (5) becomes 

p = Zyb(l - e-0·5Htb) + qe-0·5Htb (10) 
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TABLE 1 
Values of K tan <f> 

Values of K tan <f> 

Using K from Handy Using K from J aky 
(eqn (6)) (eqn (9)) 

0 0 
0·08 0·08 
0·15 0·15 
0·21 0·20 

0·25 0·24 
0·29 0·27 
0·31 0·29 
0·32 0·30 

0·32 0·30 
0·31 0·29 
0·30 0·28 
0·27 0·26 

25 

Two values of K, the coefficient of lateral earth pressure, are considered: the value 
proposed by Handy11 for arching and the value proposed by Jaky12 for the 'at rest' state of 
stress. 

Like eqn (5), eqn (10) is also valid for the circular void if bis replaced by r. 
Equation 10 was used to establish Tables 3 and 4, and the charts given in 

Figs 11 and 14. 

Comment on the Validity of Arching Theory 
The analysis presented above is the classical analysis by Terzaghi.9 This 
analysis does not consider soil dilatancy, which can increase the horizontal 
stress in the soil, thereby increasing the ability of the soil to arch. 
Therefore, the analysis presented in this paper can be considered con­
servative from this viewpoint. On the other hand, the analysis may not be 
conservative for loose soils that tend to contract when sheared. 

Tensioned Membrane Theory 

The tensioned membrane theory has been used by Giroud3• 7 to deal with 
the case of a geosynthetic overlying a void and subjected to a uniformly 
distributed stress normal to its surface. 

The equations given below have been established with the following 
assumptions: (i) the strain in the portion of the geosynthetic overlying the 
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void (i.e. the deflected portion of the geosynthetic) is uniformly distri­
buted; and (ii) the strain in the portion of the geosynthetic outside the void 
area is zero and, therefore, that portion of the geosynthetic does not move 
(i.e. the geosynthetic does not slide toward the void). These two assump­
tions greatly simplify the analysis, but no attempt has been made to 
evaluate their range of validity. 

Infinitely Long Void 
In the case of an infinitely long void, the deflected shape of the geosynthe­
tic across the width of the void is cylindrical with a circular cross section, 
the strain is uniform, and the following relationships exist 

1 + t: = 2il sin- 1(1/(2il)] (valid if ylb < 0·5) (11) 

1 + t: = 2il{7T- sin- 1 (1/(2il)]} (valid if ylb > 0·5) (12) 

where: s = geosynthetic strain; y = geosynthetic deflection; b = width 
of the infinitely long void; and fl= dimensionless factor. Basic SI units 
are: y(m) and b(m); sand n are dimensionless. 

The dimensionless factor n is defined by 

n = (ll4)[2ylb + bl(2y)] (13) 

As a result of eqns (11), (12) and (13), there is a unique relationship 
between ylb, sand n, which is given in Table 2 and shown in Fig. 10. 

It is interesting to note that as s tends towards zero eqn (11) .tends 
toward 

il=l/~ (14) 

This equation gives a good approximation of !1 whens is less than 1 % (see 
Fig. 10). 

Giroud3 '7 has also shown that the tension in the geosynthetic, in the case 
of an infinitely long void, is given by 

a =pbil (15) 

where: a = geosynthetic tension; p = pressure on the geosynthetic over 
the void area (i.e. vertical stress at the bottom of the soil layer over the 
void area); b = width of the infintely long void; n = dimensionless factor 



TABLE2 
Values of n as a Function of Deflection or Strain 

ylb or c:(%) n ylb or c:(%) 
y/(2r) y/(2r) 

0·000 0·000 00 0·242 15·00 0·64 
0·010 0·027 12·51 0·250 15·91 0·62 
0·020 0·107 6·26 0·260 17·15 0·61 
0·030 0·240 4·18 0·270 18·43 0·60 

0·040 0·425 3·15 0·280 19·75 0·59 
0·050 0·663 2·53 0·282 20·00 0·58 
0·060 0·960 2·11 0·290 21·10 0·58 
0·061 1·000 2·07 0·300 22·50 0·57 

0·070 1·30 1·82 0·310 23·93 0·56 
0·080 1·70 1·60 0·317 25·00 0·55 
0·087 2·00 1·47 0·320 25·39 0·55 
0·090 2·15 1·43 0·330 26·89 0·54 

0·100 2·65 1·30 0·340 28·43 0·54 
0·107 3·00 1·23 0·350 30·00 0·53 
0·110 3·20 1 ·19 0·360 31·60 0·53 
0·120 3·80 1·10 0·370 33·23 0·52 

0·123 4·00 1·08 0·380 34·90 0·52 
0·130 4.45 1·03 0·381 35·00 0·52 
0·138 5·00 0·97 0·390 36·60 0·52 
0·140 5·15 0·96 0·400 38·32 0·51 

0·150 5·90 0·91 0·410 40·00 0·52 
0·151 6·00 0·90 0·420 41·86 0·51 
0·160 6·69 0·86 0·430 43·67 0·51 
0·164 7·00 0·84 0·437 45·00 0·50 

0·170 7·54 0·82 0·440 45·51 0·50 
0·175 8·00 0·80 0·450 47·38 0·50 
0·180 8·43 0·78 0·460 49·27 0·50 
0·186 9·00 0·76 0·464 50·00 0·50 

0·190 9·36 0·75 0·470 51·18 0·50 
0·197 10·00 0·73 0·480 53·13 0·50 
0·200 10·35 0·72 0·490 55·00 0·50 
0·210 11·37 0·70 0·500 57·08 0·50 

0·216 12·00 0·69 0·562 70·00 0·50 
0·220 12·44 0·68 0·631 85·00 0·51 
0·230 13·56 0·66 0·696 100·00 0·53 
0·240 14·71 0·64 0·819 130·00 0·56 

This table also gives values of the strain as a function of the deflection, and vice versa. (See 
also Fig. 10.) Notations: n = dimensionless factor used for the calculation of the tension in 
the geosynthetic; y = geosynthetic deflection; b = width of the infinitely long void; 
2r = diameter of the circular void; and c: = geosynthetic strain. (Note: in the case of a 
circular void, the values of c: and n given in this table are approximate.) 
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Fig. 10. Dimensionless factor fl. (See also Table 2.) Notations: b = width of the infinitely 
long void; 2r = diameter of the circular void; y = geosynthetic deflection; 
e = geosynthetic strain; and fl = dimensionless factor. (Note that, in the case of a circular 
void, y is divided by 2r, not by r.) This chart can be used as follows: (i) entering a known 
value of the geosynthetic strain, e, in E and following EBA gives the value of fl in A; (ii) 
entering a known value of the relative deflection, ylb or y/(2r), in D and following DCBA 
gives the value of fl in A; (iii) entering a known value of the relative deflection,y/b or y/(2r), 
in D and following DCE gives the value of e in E; and (iv) vice versa. (For example, e = 0· 1 

(10%), fl= 0·73, andy/b = 0·197 are related.) 

given in Table 2 and Fig. 10 as a function of e or y/b; e = geosynthetic 
strain; and y = geosynthetic deflection. Basic SI units are: a (Nim), p 
(N/m2), b (m), and y (m); n and e are dimensionless. 

Circular Vaid 
As described by Giroud,7 the deflected shape of the geosynthetic is not a 
sphere in the case of a circular void. As a consequence, incorporating 2r 
(diameter) instead of b (width) into eqns (11), (12) and (13), gives only an 
approximate valqe of the average geosynthetic strain, e. 

Since the strain is not uniform, the tension, a, in the case of a circular 
void is not uniformly distributed in the geosynthetic and its average value 
is given approximately by eqn (15) with r substituted for b.3•7 It should be 
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noted that, for a circular void, r is substituted for bin eqn (15) whereas 2r is 
used to determine n, as indicated in Table 2 and Fig. 10. 

Equation (15) can be used for a circular void only if the geosynthetic has 
isotropic tensile characteristics, i.e. the same tensile characteristics in all 
directions. If this is not the case, recommendations given in the section 
'Discussion of Special Problems' should be followed. 

Applications of Tensioned Membrane Theory 
Tensioned membrane theory can be used alone (i.e. not combined with 
arching theory) to solve design problems relating to the case of a geosyn­
thetic acting alone and subjected to a uniformly distributed pressure. This 
typically occurs in the case of geomembranes directly overlying a void and 
subjected to pressure from a liquid. Typical design problems are as 
follows: 

• Determine the maximum pressure that a geomembrane can with­
stand over a void of a given size. 

• Select the required geomembrane properties for a geomembrane to 
bridge a given void when it is subjected to a given pressure. 

• Determine the void size that a given geomembrane may bridge when 
it is subjected to a given pressure. 

• Determine the deflection of a geomembrane subjected to a given 
pressure on a given void, and determine if the deflected geomem­
brane will come in contact with the bottom of the void. 

A chart has been published2 to help solve these problems. It is also 
possible to use Table 3 with H =0. 

Combination of Arching and Tensioned Membrane Theories 

The problem of a bottomless void is entirely solved by using eqns (10) and 
(15). The case when the geosynthetic comes in contact with the bottom of 
the void is more complex and will be discussed later in this paper, in the 
section 'Discussion of Special Problems'. 

Equation (10) gives a relationship between the applied stress, the soil 
layer thickness, the void size, and the pressure on the geosynthetic. This 
equation was established using arching theory. 

Equation (15) gives a relationship between the pressure on the geosyn­
thetic, the void size, and the geosynthetic tensile characteristics (tension 
and strain). This equation was established using tensioned membrane 
theory. 

The solution of typical design problems using the equations mentioned 
above is discussed in the next section. 
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SOLUTION OF TYPICAL DESIGN PROBLEMS 

Overview of the Methods Used 

In the presentation of the scope of this paper, a list of typical design 
problems was given. Solutions to these problems are presented below for 
the case when the geosynthetic does not come in contact with the bottom 
of the void. Solutions for the case where the geosynthetic comes in contact 
with the bottom of the void are presented in the section 'Discussion of 
Speecial Problems'. 

Allowable Strain and Deflection 
In all of the design cases considered below, the solution depends on the 
value of n, which depends either on the allowable geosynthetic strain, s, 
or the allowable geosynthetic deflection, y. The allowable geosynthetic 
strain is the lesser of the maximum design strain for the considered 
geosynthetic and the strain beyond which the soil layer would be unaccept­
ably deformed or cracked. The allowable geosynthetic deflection is consi­
dered when excessive deflection of the soil surface impairs the serviceabil­
ity of the system. No method is proposed in this paper to evaluate the 
deflection of the soil surface; however, in the case of relatively thin soil 
layers, the soil surface deflection can be assumed to be on the same order 
as the geosynthetic deflection. In some instances, both the allowable 
geosynthetic strain and the allowable geosynthetic deflection may need to 
be considered. 

Equations and Notations 
All equations presented below were obtained by combining eqns (10) and 
(15). Notations for all subsequent equations are: b = width of the infinite­
ly long void; r = radius of the circular void; n = dimensionless factor 
given in Table 2 as a function of s or y; H = soil layer thickness; 
p = normal stress applied on the portion of the geosynthetic located over 
the void ('pressure on the geosynthetic'); q = uniformly distributed nor­
mal stress applied on the top of the soil layer; y = geosynthetic deflection; 
a = geosynthetic tension; y = unit weight of soil; ands = geosynthetic 
strain. Basis SI units are: b (m), r (m), H (m),p (N/m2), q (N/m2), y (m), a 
(N/m), and y (N/m3); n ands are dimensionless. 

Factor of Safety 
In the following sections, each design problem is illustrated by an example. 
For the sake of simplicity, no factor of safety is used in the design 
examples. Engineers using the equations, tables, and charts presented in 
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this paper should use appropriate factors of safety. The factor of safety can 
be applied to the geosynthetic tension or the applied loads, with applica­
tion to the geosynthetic tension being more common. The factor of safety 
should not be applied to the soil shear strength (as is commonly the case in 
geotechnical problems) due to the insensitivity of the arching theory 
results (eqn (5)) to the soil shear strength. 

Determination of Required Geosynthetic Properties 

The relevant equation for an infinitely long void is 

a/f! = pb = 2yb2(l _ e-O·SH!b) + qb e-O·SH!b 

Equation (16) can be rewritten in a dimensionless form as follows: 

a = _!!_ = 2(l - e-O·SH!b) +!Le-0·5Hlb 

yb2 n yb yb 

(16) 

(17) 

Equations (16) and (17) can be used for a circular void if bis replaced by r. 
Equation (17) was used to establish the chart in Fig. 11. 

The above equations can be used to solve problems that consist of 
determining the required geosynthetic tension, a, for a given strain, s, 
when all other parameters are given ( b or r, q, H, and y). Alternatively, 
the chart given in Fig. 11 and the corresponding Table 3 can be used. 

Example 1. The bedding soil supporting a geomembrane liner is placed 
on a geosynthetic reinforcement resting on a soil where karstic sinkholes 
may develop (Fig. 12). The function of the geosynthetic reinforcement 
is to support the bedding soil and the geomembrane liner should a 
sinkhole develop. The thickness of the bedding soil layer is 0·45 m and 
the depth of water on the geomembrane when the reservoir is full is 9 m. 
The unit weight of the bedding soil is 19,600 N/m3 . A deep sinkhole with 
a radius of O· 75 m is assumed for design purposes. Since the function of 
the geosynthetic reinforcement is only to act as a 'safety net', a rather 
large geosynthetic reinforcement strain is acceptable: E = 10%. What is 
the required geosynthetic reinforcement tensile strength? 
First, the applied stress, q, is calculated 

q = 1000 x 9·81 x 9 = 88 290 N/m2 

Then, eqn (16) is used as follows, with Hlr = 0·4510·75 = 0·6 

a/f! = 2 x 19 600 x (0·75)2(1- e-0·3) + 88 290 x 0·75 e-0 ·3 

a/f! = 54 395 Nim 
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Fig. 11. Pressure on and tension in the geosynthetic. An example of use of this chart is given 
in Fig. 13. Notations: p = pressure on the geosynthetic over the void area; q = uniformly 
distributed normal stress applied on the top of the soil layer; H = thickness of the soil 
layer; 'Y = unit weight of soil; b = width of the infinitely long void; r = radius of the 
circular void; a = geosynthetic tension; and n = dimensionless factor given in Table 2 and 
Fig. 10. (Values of pl( yb) or pl( yr) used to draw the curves in this figure can be found in 

Table 3.) 

Finally, according to Table 2 or Fig. 10, 0 = 0·73 for e = 10%. 
Therefore, the required value of the geosynthetic tension at a 10% 
strain is: 

a= 0·73 x 54 395 = 39 708 Nim= 40 kNlm 

The same problem can be solved using the tables and charts with 

Hlr = 0·4510·75 = 0·6 and 

qi( yr) = 88 2901(19 600 x 0·75) = 6·0 
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Table 3 or the chart given in Fig. 11 (see also Fig. 13) gives: 

al(yrll) = 4·963 hence 

a = ( 4·963) x 19 600 x (O· 75)2 x O· 73 = 39 943 Nim = 40 kNlm 

It is interesting to compare the required geosynthetic reinforcement 
tension calculated above to that required if the bedding soil is a layer of 
compacted clay associated with the geomembrane to form a composite 
liner. In this case, it is important that the integrity of the clay layer be 
maintained. Therefore, the geosynthetic reinforcement strain must be 
small enough to prevent the development of tension cracks in the clay 
layer. Calculations similar to the above, with£ = 1 % instead of 10%, 
give a required geosynthetic reinforcement tension of 113 kN/m, which 
is about three times greater than 40 kN/m. Therefore, the geosynthetic 
reinforcement required in the case of a 1 % allowable strain has a tension 
about three times greater, and consequently a modulus about 30 times 
greater, than in the case of a 10% allowable strain. (Several layers of a 
very high-modulus geotextile would probably be needed.) 

Determination of Required Soil Layer Thickness 

The relevant equation for an infinitely long void is 

[ql(yb)] - 2 
H = 2b ln [al ( yb2 n)] - 2 

Geomembrane J l 
Water l,m 
l l l ! ! ! ! ! !q 

Bedding Soil Layer 
Geosynthetic ~ 

77..,../77 ---
~~~ / // 
/// //// 2r=l.5m 

/////// 
/////// 

Fig. 12. Cross section for design examples. 

H 
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TABLE 3 
Pressure on the Geosynthetic 

Hlb or Hlr 
~ 

ql(yb) 0 0·01 0·03 O·l 0·3 0·5 0·6 1·0 3·0 5·0 7·0 10·0 20·0 ~ 
00 

or ~ .... 
q/(yr) (Values of pl(y/b) = al(yb2 fl) or pl( yr) = al(yr2 fl)) ~ 

;::: 
Jl.. 

O·O 0 0·010 0·030 0·098 0·279 0·442 0·518 0·787 1·554 1·836 1·940 1·987 2·000 2·000 ~ 
0·01 0·010 0·020 0·040 0·107 0·287 0·450 0·526 0·793 1·556 1·837 1·940 1·987 2·000 2·000 b:l 

<:::> 

0·03 0·030 0·040 0·059 0·126 0·304 0·466 0·541 0·805 1·560 1·838 1·941 1·987 2·000 2·000 ;::s 

~ 0·05 0·050 0·060 0·079 0·145 0·322 0·481 0·555 0·817 1·565 1·840 1·941 1·987 2·000 2·000 ~ 

0·1 0·100 0·109 0·128 0·193 0·365 0·520 0·592 0·848 1·576 1·844 1·943 1·987 2·000 2·000 ~ 
0·2 0·200 0·209 0·227 0·288 0·451 0·598 0·667 0·908 1·598 1·852 1·946 1·988 2·000 2·000 

'.--< 
'.'?1 

0·3 0·300 0·308 0·325 0·383 0·537 0·676 0·741 0·969 1·621 1·860 1·949 1·989 2·000 2·000 b:l 
0·5 0·500 0·507 0·522 0·573 0·709 0·832 0·889 1·090 1·665 1·877 1·955 1·990 2·000 2·000 ('I) 

('I) 
("\ 

0·7 0·700 0·706 0·719 0·763 0·881 0·988 1·037 1·212 1·710 1·893 1·961 1·991 2·000 2·000 ?'" 

1·0 1·000 1·005 1·015 1·049 1·139 1·221 1·259 1·393 1·777 1·918 1·970 1·993 2·000 2·000 ~ 

1·5 1·500 1·502 1·507 1·524 1·570 1·611 1·630 1·697 1·888 1·959 1·985 1·997 2·000 2·000 :i:.. 

2·0 2·000 2·000 2·000 2·000 2·000 2·000 2·000 2·000 2·000 2·000 2·000 2·000 2·000 2·000 ~ 
~ 

2·5 2·500 2·498 2·493 2·476 2·430 2·389 2·370 2·303 2·112 2·041 2·015 2·003 2·000 2·000 ~ 

3·0 3·000 2·995 2·985 2·951 2·861 2·779 2·741 2·607 2·223 2·082 2·030 2·007 2·000 2·000 
4·0 4·000 3·990 3·970 3·902 3·721 3·558 3·482 3·213 2·446 2·164 2·060 2·013 2·000 2·000 
5·0 5·000 4·985 4.955 4·854 4·582 4·336 4·222 3·820 2·669 2·246 2·091 2·020 2·000 2·000 



6·0 6·000 5·980 5·940 5·805 5·443 5·115 4·963 4·426 2·893 2·328 2·121 2·027 2·000 2·000 
7·0 7·000 6·975 6·926 6·756 6·304 5·894 5·704 5·033 3·116 2·410 2·151 2·034 2·000 2·000 
8·0 8·000 7·970 7·911 7·707 7·164 6·673 6·445 5·639 3·339 2·493 2·181 2·040 2·000 2·000 
9·0 9·000 8·965 8·896 8·659 8·025 7·452 7·186 6·246 3·562 2·575 2·211 2·047 2·000 2·000 

10 10·000 9·960 9·881 9·610 8·886 8·230 7·927 6·852 3·785 2·657 2·242 2·054 2·000 2·000 
15 15·000 14·935 14·806 14·366 13·189 12·124 11·631 9·885 4·901 3·067 2·393 2·088 2·000 2·000 
20 20·000 19·910 19·732 19· 122 17·493 16·018 15·335 12·918 6·016 3·478 2·544 2·121 2·000 2·000 
25 25·000 24·885 24·658 23·878 21·796 19·912 19·039 15·950 7·132 3·888 2·695 2·155 2·000 2·000 

30 30·000 29·860 29·583 28·634 26·100 23·806 22·743 18·983 8·248 4·298 2·846 2·189 2·000 2·000 
40 40·000 39·810 38·434 38·147 34·707 31·594 30·151 25·048 10·479 5·119 3·148 2·256 2·000 2·000 
50 50·000 49·761 49·285 47·659 43·314 39·382 37.559 31·113 12·710 5·940 3.449 2·323 2·000 2·000 
60 60·000 59·711 59·136 57·171 51 ·921 47·170 44·967 37·179 14·942 6·761 3·751 2·391 2·000 2·000 

70 70·000 69·661 68·988 66·684 60·528 54·958 52·376 43·244 17·173 7·582 4·053 2·458 2·000 2·000 
80 80·000 79·611 78·839 76·196 69·135 62·746 59·784 49·309 19·404 8·403 4.355 2·526 2·000 2·000 
90 90·000 89·561 88·690 85·708 77·742 70·534 67·192 55.375 21·635 9·223 4·657 2·593 2·000 2·000 

100 100·000 99·511 98·541 95·220 86·349 78·322 74·600 61·440 23·867 10·044 4·959 2·660 2·000 2·000 

This table gives pl( yb) or pl( yr) and the geosynthetic tension as a function of the other parameters involved. Notation: p = pressure on the 
geosynthetic over the void area; q ,,; uniformly distributed normal stress applied on the top of the soil layer; H = thickness of the soil layer; 
y = unit weight of the soil in the soil layer; b = width of the infinitely long void; r = radius of the circular void; a = geosynthetic tension; 
and n = dimensionless factor given in Table 2 as a function of the geosynthetic strain, e. Note that: values of pl( yb) or pl( yr) for Hlb = 0 are 
identical to values of qi( yb) or qi( yr); and p = 2yb if His greater than approximately 20b and p = 2yr if His greater than approximately 20r. 
(See the chart given in Fig. 11.) 
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The same equation can be used for a circular void by substituting r for b. 
The above equations can be used to solve problems that consist of 

determining the required soil layer thickness, H, when all other para­
meters are given (b or r, q, y, a, and e). Alternatively, the charts given in 
Fig. 11, and the corresponding Table 3, can be used. 

Example 2. This example is identical to Example 1, except that the soil 
layer thickness, H, is unknown, and the geosynthetic tension at a strain 
e = 10% is known and is equal to 40 kN/m. What is the required soil 
layer thickness? 

From Example 1, the relevant parameters are: q = 88 290 N/m2 ; 

y = 19 600 N/m3 ; and r = O· 75 m. 
In order to use eqn (18), the following values must be calculated 

qi( yr) = 6·0 (from Example 1) 
al( yr2!1) = 40 0001(19 600 x (0·75)2 X 0·73) = 4·97 

Hence, using eqn 18 

6·0-2 
H = 2 x 0·75 x In 9 2 = 0·44 m 

4· 7-

It is also possible to solve this problem using Table 3 or Fig. 11 which 
gives H/r = 0·6 for qi( yr) = 6·0 and a/( yr fl) = 4·97 (see Fig. 13). 
Hence, H = 0·6 x O· 75 = 0·45 m. 

Determination of Maximum Void Size 

There is no simple equation giving the void size ( b or r) as a function of the 
other parameters. In order to determine the maximum void size that a 
given soil layer-geosynthetic system can bridge, it is necessary to solve eqn 
(16) by trial and error. To facilitate the process, a chart has been 
established (Fig. 14) by rewriting the two parts of eqn (17) in a dimension-
less form as follows: 

2(1 -0·5Hlb) _!!_ = - e + _!]_ e -o-sHJb 

yH Hlb yH 
(19) 

_!!_= a H 
yH yH2 !1 b 

(20) 

In Fig. 14, eqn (19) is represented by a family of curves and eqn (20) is 
represented by a family of straight lines at 45°. For a given set of 
parameters, the abscissa of the intersection between the relevant curve 
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Fig. 13. Example of use of the chart given in Fig. 11. 
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and the relevant straight line gives the maximum value of the width, b, of 
an infinitely long void or the radius, r, of a circular void. 

, Example 3. This example is identical to Example 1, except that the 
radius of the void, r, is unknown, andthe geosynthetic tension at a strain 
e = 10% is known and is equal to 40 kN/m. What maximum void radius 
can be bridged by the considered soil-geosynthetic system? 
From Example 1, the relevant parameters are: q = 88 290 N/m2 ; 

y = 19 600 N/m3 ; and H = 0·45 m. 
In order to use the chart given in Fig. 14, the following must be 

calculated 

qi( yH) = 88 2901(19 600 x 0·45) = 10·0 

al( yH2 f!) = 40 0001(19 600 x (0·45)2 x 0·73) = 13·8 

(Note: f! = O· 73 is obtained from Table 2 with e = 10%) 
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Fig. 14. Pressure on and tension in the geosynthetic. An example of use of this chart is given 
in Fig. 15. Notations: p = pressure on the geosynthetic over the void area; q = uniformly 
distributed normal stress applied on the top of the soil layer; H = thickness of the soil 
layer; y = unit weight of soil; b = width of the infinitely long void; r = radius of the 
circular void; a = geosynthetic tension; and fl = dimensionless factor given in Table 2 and 
Fig. 10. (Values of pl( yH) which were used to draw the curves in this figure can be found in 

Table 4.) 

In Fig. 14, the curve related to qi( yH) = 10 and the straight line at 45° 
related to al( yH2fl) = 13·8 intersect at a point the abscissa of which is 
Hlr = 0·6 (see Fig. 15). Hence 

r = 0·4510·6 = O· 75 m max 
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Fig. 15. Example of use of the chart given in Fig. 14. 

Determination of the Maximum Load 

The relevant equation for an infinitely long void is 

{ [a/(yb2 fl)] -2} 
q = 2yb + e-0·5Hlb yb 

39 

(21) 

The same equation can be used for a circular void by substituting r for b. 
The above equation can be used to solve problems that consist of 

determining the maximum uniform normal stress, q, which can be applied 
on the top of the soil layer, when all other parameters are given (b or r, y, 
H, a, and E ). Alternatively, the charts given in Fig. 11or14 can be used, as 
well as Table 3 or 4. 



TABLE4 ~ 
0 

Pressure on the Geosynthetic 

Hlb or Hlr 

ql(yH) 0 0·01 O·l 0·3 0·5 0·7 l·O 3·0 5·0 7·0 10·0 20·0 00 

(Values of pl(yH)) 
~ 

O·O 00 0·998 0·975 0·929 0·885 0·844 0·787 0·518 0·367 0·277 0·199 0·100 0 '.'ti 
0·5 00 1-495 1·451 1·359 1·274 1-196 1-090 0·629 0·408 0·292 0·202 0·100 0 Q 
1·0 00 1·993 1·927 1-789 1·664 1·548 1·393 0·741 0·449 0·307 0·205 0·100 0 ~-

;::: 
2·0 00 2·988 2·878 2·650 2·442 2·253 2·000 0·964 0·531 0·337 0·212 0·100 0 ~l:l.. 
3·0 00 3·983 3·829 3·511 3·221 2·958 2·607 1-187 0·613 0·368 0·219 0·100. 0 ::i:i 
4·0 00 4·978 4·780 4.371 4·000 3·663 3·213 1·410 0·696 0·398 0·226 0·100 0 
5·0 00 5·973 5·732 5·232 4·779 4·367 3·820 1·634 0·778 0·428 0·232 0·100 0 °' c ;:: 
6·0 00 6·968 6·683 6·093 5·558 5·072 4·426 1·857 0·860 0·458 0·239 0·100 0 {l 
7·0 00 7·963 7·634 6·954 6·336 5.777 5·033 2·080 0·942 0·488 0·246 0·100 0 ~ .., 
8·0 00 8·958 8·585 7·814 7·115 6·481 5·639 2·303 1·024 0·519 0·253 0·100 0 ~ 
9·0 00 9.953 9·536 8·675 7·894 7·186 6·246 2·526 1·106 0·549 0·259 0·100 0 ~ 

10 00 10·948 10·488 9·536 8·673 7·891 6·852 2·749 1·188 0·579 0·266 0·100 0 ~ 
15 00 15·923 15·244 13·839 12·567 11·414 9·885 3·865 1-598 0·730 0·300 0·101 0 °' 20 00 20·898 20·000 18·143 16·461 14·938 12·918 4·981 2·009 0·881 0·333 0·101 0 

(1) 

~ 
25 00 25·873 24·756 22·446 20·355 18·461 15·950 6·096 2·419 1·032 0·367 0·101 0 r-
30 00 30·848 29·512 26·750 24·249 21·984 18·983 7·212 2·830 1·183 0·401 0·101 0 ~ 
40 00 40·798 39·025 35·357 32·037 29·031 15·048 9.443 3·651 1·485 0·468 0·102 0 ~ 
50 00 50·748 48·537 43·964 39·825 36·078 31-113 11·674 4·471 1·787 0·536 0·102 0 
60 00 60·698 58·049 52·571 47·613 43·125 37·179 13·906 5·292 2·089 0·603 0·103 0 Q 

~ 
70 00 70·648 67·561 61·178 55·401 50·172 43·244 16·137 6·113 2·391 0·670 0·103 0 ~ 
80 00 80·599 77-074 69·786 63·189 57·219 49.309 18·368 6·934 2·693 0·738 0·104 0 
90 00 90.549 86·586 78·392 70·977 64·266 55.375 20·600 7·755 2·995 0·805 0·104 0 

100 00 100·499 96·098 86·999 78·765 71.313 61·440 22·831 8·576 3·297 0·872 0·105 0 

This table gives pl( yH). Notation: p = pressure on the geosynthetic over the void area; q = uniformly distributed normal stress applied on 
the top of the soil layer; H = thickness of the soil layer; 'Y = unit weight of the soil in the soil layer; b = width of the infinitely long void; and 
r = radius of the circular void. Note that: values of pl( yH) are equal to: 1 +qi( yH) if Hlb = 0 or Hlr = O; and 2blH or 2rl H if Hlb > 20 or 
Hlr > 20. (See the chart given in Fig. 14.) 
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Example 4. This example is identical to Example 1, except that the stress 
on top of the soil layer, q, is unknown, and the geosynthetic tension at 
strain e = 10% is known and is equal to 40 kNlm. What maximum stress 
on top of the soil layer can be supported by the soil-geosynthetic system? 
From Example 1, the relevant parameters are: H = 0·45 m; r = 0·75 m; 
and y = 19 600 Nlm3 • 

In order to use eqn (21), the value of n must be obtained first from 
Table 2 

n = 0·73 for e = 10%. 

Then, eqn (21) is used as follows 

q = 2 x 19 600 x 0·75 
+ { (40 000/(19 600 x (0·75)2 x 0·73)] - 2 }19 600 x 0·75 

e -O· 5 x o-45/0· 75 

= 88334N/m2 

The problem can also be solved using charts and tables. To use Table 3 
or the chart given in Fig. 11; the following must be calculated: 

Hlr = 0·4510· 75 = 0·6 

al( yr2il) = 40 000/(19 600 x (0·75)2 x 0·73) = 4·97 

With Hlr = 0·6 and al(yr!l) = 4·97, Table 3 or the chart given in 
Fig. 11 show that qi( yr) = 6 (see Fig. 13). Therefore 

q = 6 x 19 600 x 0·75 = 88 200 N/m2 = 88 kN/m2 

To use the chart given in Fig. 14, the following must be calculated 

a/(yH2 il) = 40000/(19 600 x (0·45)2 x 0·73) = 13·8 

WithH/r = 0·6andal(yH2!1) = 13·8, thechartgiveninFig.14shows 
that qi( yH) = 10 (see Fig. 15). Therefore 

q = 10 x 19 600 x 0·45 = 88 200 N/m2 = 88 kN/m2 

DISCUSSION OF SPECIAL PROBLEMS 

Anisotropic Geosynthetic 

A geosynthetic is isotropic regarding a given characteristic when this 
characteristic has the same value in·an directions. In this paper, a geosyn­
thetic will be considered isotropic when it has the same tension-strain 
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curve in all directions. This requirement is fulfilled by some nonwoven 
geotextiles. Woven geotextiles and biaxial geogrids are stronger in two 
directions ('principal directions') than in the others and, therefore, they 
are anisotropic. However, we assume that the design method presented in 
this paper can be used with woven geotextiles and biaxial geogrids that 
have the same tensile characteristics in the two principal directions (i.e. in 
the design, these materials are considered isotropic). 

Special precautions must be taken when using the design method 
presented in this paper for geosynthetics that cannot be considered 
isotropic, as discussed below. 

Infinitely Long Void 
In the case of an infinitely long void, no geosynthetic tension is required in 
the direction of the length of the void (according to the plane-strain model 
which corresponds to an infinitely long void). Therefore, the value of a to 
be used in the equations, tables, and charts related to the infinitely long 
void is the geosynthetic tension in the direction of the width of the void for 
the considered design strain. However, some strength is required length­
wise in places where the actual situation departs from a pure plane-strain 
situation (for instance near the end of the void). 

Circular Void 
In the case of a circular void, the tensioned membrane equation ( eqn (15)) 
is valid only if the geosynthetic has isotropic tensile characteristics. For 
practical purposes, eqn (15), and other equations as well as tables and 
charts related to circular voids, can be used for woven geotextiles and 
biaxial geogrids that have the same tension-strain curve in the two 
principal directions (instead of in all directions for a truly isotropic 
material). For woven geotextiles and biaxial geogrids that have different 
tensile characteristics in the two principal directions, two cases can be 
considered, depending on the ratio between the geosynthetic tensions at 
the design strain in the weak and the strong directions: (i) if the ratio is 
more than O· 5, a should be taken equal to the tension in the weak 
direction; and (ii) if the ratio is less than 0·5, a should be taken equal to 
half the tension in the strong direction. 

The rationale for the above recommendation is as follows. There are 
two conservative approaches and the less conservative, which is closer to 
reality, should be selected. 

The first conservative approach consists of designing with an isotropic 
geosynthetic weaker than the considered anisotropic geosynthetic. This is 
achieved by taking the geosynthetic strength in all directions equal to the 
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strength in the weak direction, aweak· Equation (15) thus gives for the 
pressure which can be carried by the geosynthetic 

a weak 
Pi= r!l 

(22) 

The second conservative approach consists of designing with: (i) a void 
larger than the circular void by replacing the circular void by an infinitely 
long void with a width, b, equal to the diameter, 2 r, of the circular void; 
and (ii) a geosynthetic weaker than the considered anisotropic geosynthe­
tic by neglecting the tensile strength in the weak direction ( aweak = 0). 
Equation (15) thus gives for the pressure which can be carried by the 
geosynthetic __ 

- astrong - astrong 
P2 - b!l - 2r!l (23) 

To compare p 1 and p 2 , it is important to note that the values of n in eqns 
(22) and (23) are identical because they are both determined for y/(2r), 
according to Table 2. Therefore, the comparison between p 1 and p 2 boils 
down to a comparison between aweak and O· 5 astrong· 

It appears that 

PI> P2 if aweak > 0·5astrong 

PI< P2 if aweak < 0·5astrong 

hence the above recommendation. 
There is another consideration when an anisotropic geosynthetic is used 

over a circular void. The complex pattern of ·strains in the geosynthetic 
resulting from different tensions in different directions may have a de­
trimental effect on the behavior of the geosynthetic. Therefore, it is 
recommended that for holes which can be modeled as circular, one of the 
following solutions be adopted: (i) an isotropic geosynthetic (only some 
nonwoven geotextiles are isotropic but usually they do not have adequate 
tensile characteristics for this application); or (ii) a 'practically isotropic' 
geosynthetic (such as a woven geotextile or a biaxial geogrid having similar 
tension-strain curves in the two principal directions); or (iii) two perpendi­
cularly orientated layers of the same anisotropic geosynthetic. 

Geosynthetic in Contact with Void Bottom 

In some cases, the geosynthetic elongates to the point that it comes in 
contact with the bottom of the void (Fig. 1( c)); the geosynthetic deflection 
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is then equal to the void depth (y = D). In design, these cases correspond 
to a calculated geosynthetic deflection greater than or equal to the void 
depth (y > D). Usually, the design is complete when it is found that y > D. 
However, it may be of interest to determine the pressure actually trans­
mitted to the bottom of the void. This pressure is obtained by subtracting 
the pressure inducing geosynthetic tension (which results from the ten­
sioned membrane effect) from the pressure exerted by the soil layer on the 
geosynthetic. 

In the case of an infinitely long void, the following equation can be 
obtained by subtracting the pressure given by eqn (15) from the pressure 
given by eqn (10) 

a Pb = 2yb(l _ e-0·5Hlb) + q e-O·SHJb __ 

bil 
(24) 

where: Pb = pressure transmitted to the bottom of the void; y = unit 
weight of the soil (in the soil layer above the geosynthetic); b = width of 
the infinitely long void; H = soil layer thickness; q = uniformly distri­
buted normal stress applied on the top of the soil layer; a = geosynthetic 
tension corresponding to the geosynthetic strain,£, when the geosynthetic 
is in contact with the bottom of the void (i.e., E corresponding to a 
deflectiony = Din Table 2); !1 = dimensionless factor given in Table 2 as 
a function of£ or y; and y = geosynthetic deflection, which, in this case, is 
equal to D; and D = depth of the void. Basic SI units are: Pb (N/m2), y 
(N/m3), b (m), H (m), q (Nlm2), a {Nim), y (m), and D (m); !1 is 
dimensionless. Note that eqn (24) assumes that the shape of the bottom of 
the void is approximately cylindrical with a circular cross section, so the 
geosynthetic will come in contact with all points on the surface of the void 
at the same time. If this were not the case, portions of the geosynthetic 
which come in contact with the bottom of the void last would elongate 
more than the others. 

The same equation can be used for a circular void by substituting r for b, 
with r = radius of the circular void. 

If a negative value were obtained for Pb when using the above equation, 
it would mean that the load on the geosynthetic is not large enough to force 
the geosynthetic to come in contact with the bottom of the void. 

Example 5. This example is identical to Example 1 except that: (i) the 
void is not bottomless but has a depth D = 0·2 m; and (ii) the geosyn­
thetic tension-strain curve is assumed to be a straight line between the 
origin and a tension a = 40 kN/m for a strain £ = 10%. What is the 
stress transmitted to the bottom of the hole? 
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From Example 1, the relevant parameters are: r = O· 75 m; H = 0·45 m; 
y = 19 600N/m3 ; and q = 88 290N/m2 . 

First, the approximate value of the average strain of the geosynthetic 
when it is in contact with the bottom of the void (assumed spherical) 
must be determined using Table 2 withy (geosynthetic deflection) = D 
(void depth) 

y/2r = D/2r = 0·2/(2 x 0·75) = 0·133 

Hence, interpolating in Table 2, e = 4·65% and 0 = 1 ·01. 
Then, the geosynthetic tension corresponding to a 4·65% geosynthe­

tic strain can be calculated as follows: 

a = 40 000 x 4·65/10 = 18 600 Nim 

Finally, eqn (24) can be used with the values Hlr = 0·6 and 
q = 88 290 N/m2 determined in Example 1. This equation gives the 
stress transmitted to the bottom of the void as follows 

18600 
Pb = 2 x 19 600 x 0·75(1- e-0 -3) + 88 290e-0 ·3 - 0_75 x l·Ol 

= 73 029 - 24 554 = 48 475 N/m2 = 48·5 kN/m2 

Therefore, this design example can be summarized as follows: 

• A stress of 88· 3 kN/m2 is applied on top of the soil layer. 
• As a result of soil arching, the soil layer transmits only a stress of 

73 kN/m2 to the top of the geosynthetic. 
• As a result of the tensioned membrane effect, the geosynthetic 

supports 24·5 kN/m2 • 

• The remainder, 48·5 kN/m2 , is transmitted to the bottom of the 
void. 

It should be noted that, if the depth of the void had been D = O· 3 m, the 
strain of the geosynthetic would have been 10% and the last term of the 
above equation would have been 

a 

rn 
· 40 OOO = 73 059 N/m2 

0·75 x 0·73 

Hence,pb = 0. In this case, Example 5 becomes identical to Example 1. 
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Influence of Soil Layer Thickness 

The influence of the thickness of the soil layer is illustrated in Fig. 11. 
Three cases can be considered: 

(1) Large Applied Stress. If the applied stress, q, is large (i.e. q > 2-yb 
or 2-yr), the pressure, p, on the geosynthetic and consequently the 
required geosynthetic tension, a, decrease towards a limit when 
the soil layer thickness increases. In this case, it is beneficial to 
increase the thickness of the soil layer. For each particular situation, 
the amount by which the thickness should be increased can be 
determined using the chart given in Fig. 11 or Table 3. The chart and 
table show that it would be useless to increase the soil layer 
thickness beyond a limiting value of H = 20b or 20r. 

(2) Small Applied Stress. If the applied stress, q, is small (i.e. q < 2-yb 
or 2-yr), the pressure, p, on the geosynthetic and consequently the 

, required geosynthetic tension, a, increase toward a limit when the 
soil thickness increases. In this case, from the perspective of the 
design of the geosynthetic, it is detrimental to increase the thickness 
of the soil layer. (This is because the added load due to soil weight is 
not fully compensated by the effect of soil arching.) 

(3) Limit Applied Stress. If the applied stress, q, equals the limit (i.e. 
q = 2-yb or 2-yr), the pressure, p, on the geosynthetic remains 
constant and equal to q, regardless of the soil layer thickness. 

The limit values for p and a are independent of the applied stress, q. The 
limit value for the pressure on the geosynthetic is 

P1im = 2yb for an infinitely long void (25) 

The limit value for the required geosynthetic tension is 

a 1im = 2yb2 f! for an infinitely long void (26) 

Equations (25) and (26) can be used for a circular void by substituting r for 
b. 

Comparison with Tensioned Membrane Theory 

I 

In the past, the tensioned membrane theory has been used alone to 
evaluate the required tensile characteristics of a geosynthetic located 
beneath a soil layer and bridging a void. This method neglects arching in 



Design of soil layer-geosynthetic systems 47 

the soil layer and is, therefore, conservative. This conservativeness can be 
evaluated by comparing the pressure on the geosynthetic over the void 
area, p, calculated taking soil arching into account to the following value 
obtained by neglecting soil arching 

Po= yH+q (27) 

where: p 0 = pressure on the geosynthetic over the void area neglecting 
soil arching; y = unit weight of the soil in the soil layer; H = thickness of 
the soil layer; and q = uniformly distributed normal stress applied on the 
top of the soil layer. Basic SI units are: p 0 (N/m2), y (N/m3), H (m), and q 
(N/m2). 

The pressure, p, obtained taking soil arching into account is given by 
eqn (10). 

Values of plp0 are given in Table 5 and Fig. 16. It appears that neglecting 
soil arching is conservative. However, when the soil thickness, H, is large 

p 

YH+q 

0.5 

0 5 

H /b or H/r 
\ 

Geosynthetic 

b for infinitely lono void 
2 r for circular void 

10 

Fig. 16. Effectiveness of soil arching. The curves give the ratio between the pressure, p, on 
the geosynthetic over the void area, calculated taking soil arching into accbunt, and the 
pressure p 0 = yH + q obtained by neglecting soil arching. The values of p/p0 used to plot 

the curve can be found in Table 5. 



TABLES 
Effectiveness of Soil Arching 

Hlb or Hlr 

ql(yH) 0 0·3 0·6 1 1·5 2 2·3 3 4 5 10 20 00 

(Values of plpo) 

0 1 0·929 0·864 0·787 0·704 0·632 0·571 0·518 0·432 0·367 0·199 0·100 0 
0·5 1 0·906 0·823 0·727 0·626 0·544 0·476 0·420 0·333 0·272 0·135 0·067 0 
1 1 0·895 0·802 0·697 0·588 0·500 0·429 0·371 0·284 0·225 0·103 0·050 0 

2 1 0·883 0·782 0·667 0:549 0·456 0·381 0·321 0·234 0·177 0·071 0·033 0 
3 1 0·878 0·772 0·652 0·530 0·434 0·358 0·297 0·210 0·153 0·055 0·025 0 
5 1 0·872 0·761 0·637 0·511 0·412 0·334 0·272 0·185 0·130 0·039 0·017 0 

10 1 0·867 0·752 0·623 0·493 0·392 0·312 0·250 0·162 0·108 0·024 0·009 0 
20 1 .. 0·864 0·747 0·615 0·483 0·380 0·300 0·237 0·149 0·096 0·016 0·005 0 
00 1 0·861 0·741 0·607 0·472 0·368 0·287 0·223 0·135 0·082 0·007 0·000 0 

This table gives the ratio of the pressure on the geosynthetic over the void area calculated taking arching into account (p) or neglecting arching 
(p0). The value of pis given by eqn (10). The value of p0 is given by eqn (27). Notation: q = uniformly distributed stress applied on the top of 
the soil layer; y = unit weight of the soil in the soil layer; H = soil layer thickness; b = width of an infinitely long void; and r = radius of 
circular void. (See also Fig. 16.) 
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compared to the width or radius of the void, neglecting soil arching is 
over-conservative. 

CONCLUSION 

This paper has presented an approach to the design of soil layer-geosyn­
thetic systems overlying voids. The design approach superimposes arching 
theory for the soil layer with tensioned membrane theory for the geosyn­
thetic. The analysis presented in this paper shows that neglecting soil 
arching would be over-conservative in many instances. The paper presents 
equations, tables, and charts that make it easy to perform design analyses 
for a range of possible field situations. 

The analysis shows that the thickness of the soil layer associated with the 
geosynthetic plays a significant role. In contrast, the soil mechanical 
properties do not. It should not be inferred, however, that any soil will 
provide the same degree of arching. The equations used to prepare the 
tables and charts assume that the friction angle of the soil is at least 20°. 
Granular soils virtually always meet this condition. However, they should 
be well compacted to ensure arching because loose granular soils tend to 
contract when they are sheared or vibrated, which may destroy the arch. 

Further refinements of the method presented herein can be considered. 
For instance, it is possible that the degree of soil arching (i.e. the amount 
of soil shear strength mobilized) depends on the geosynthetic strain, 
whereas the method presented in this paper does not consider the concept 
of degree of soil arching. Also, the method could be expanded to include 
cohesive soils, and could be refined to take into account elongation of 
the geosynthetic in the anchorage zone. Lastly, the method could be 
expanded to consider a system of regularly spaced voids. 

In spite of its limitations, the method presented in this paper is believed 
to be a useful tool for engineers designing soil-geosynthetic systems resting 
on subgrades where voids may develop. 
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Client: Chargrin Valley Engineering Calculated: DMV

Project: MOT-4-19.30 Checked: DCM

Task: Correlated CBR from DCP Results

ID Blows in/blows mm / blow CBR CBRLow ID Blows in/blows mm / blow CBR CBRLow

1 3.2 1.2303 31.2499 6.182 5 25 0.1575 4.0000 61.813

7 0.5624 14.2857 14.856 44 0.0895 2.2727 116.426

7 0.5624 14.2857 14.856 51 0.0772 1.9608 137.361

2 1.9685 49.9999 3.652 21 0.1875 4.7619 50.847

7 0.5624 14.2857 14.856 14 0.2812 7.1428 32.288

22 0.1790 4.5454 53.567 38 0.1036 2.6316 98.796

31 0.1270 3.2258 78.652 4 59 0.0667 1.6949 161.710 32

2 6 0.6562 16.6666 12.500 6 38 0.1036 2.6316 98.796

10 0.3937 10.0000 22.151 140 0.0281 0.7143 425.645

7 0.5624 14.2857 14.856 28 0.1406 3.5714 70.178

5 0.7874 20.0000 10.191 41 0.0960 2.4390 107.573

8 0.4921 12.5000 17.252 36 0.1094 2.7778 92.991

19 0.2072 5.2631 45.456 109 0.0361 0.9174 321.589 70

26 0.1514 3.8461 64.588 10

7 80 0.0492 1.2500 227.428

3 17 0.2316 5.8823 40.132 105 0.0375 0.9524 308.401

34 0.1158 2.9412 87.225 46 0.0856 2.1739 122.369 122

55 0.0716 1.8182 149.482

89 0.0442 1.1236 256.272 8 53 0.0743 1.8868 143.408

77 0.0511 1.2987 217.898 60 0.0656 1.6667 164.783

59 0.0667 1.6949 161.710 40 72 0.0547 1.3889 202.114

29 0.1358 3.4483 72.991 73

4 16 0.2461 6.2500 37.497

21 0.1875 4.7619 50.847 9 20 0.1969 5.0000 48.143

38 0.1036 2.6316 98.796 48 0.0820 2.0833 128.344

78 0.0505 1.2820 221.070 50 0.0787 2.0000 134.348

28 0.1406 3.5714 70.178 63 0.0625 1.5873 174.038 48

92 0.0428 1.0870 265.966 37

Notes:

1. CBR = 292/ (DCP x 25.4)
1.12

     for DCP in inches/blow       (ODOT Geotechnical Design Manual)   

2. Does not include preblows of 0.2

3. Does not include blows below 3.28 feet (100 cm)

4. Omitted

ID CBRLow

D-001 15

D-002 26

D-003 19

D-004 9.5

D-005 25

D-006 30

D-007 21

CBRAvg Low 26.04167

Say 25

2016 Advanced Materials DCP Results

From ODOT 2020 DCP results

(use lowest value over the depth of the exploration)

Average of the 2016 and 2020 DCP Results



Client: Chargrin Valley Engineering

Project: MOT-4-19.30

CBR Grain-Size Correlation

in mm B-001 B-001 B-002-1 B-002-2 B-002-2 B-003-1 B-004-1 B-004-2 B-008-0 B-009-0 B-010-0 B-010-0 B-011-0

1 ft 4.5 ft 5 ft 2.5 ft 5.5 ft 1.2 ft 4 ft 3 ft 3.5 ft 4.5 ft 3.5 ft 5 ft 2.5 ft

DEPTH 

3 1/2 89

3 76

2.5 64

2 51

1.5 38 100 100 100

1 25 100 100 100 89.82 86.3 100 93.55 100

0.75 19 100 84.4 100 94.91 90.97 89.82 100 86.3 93.77 83.48 100 100 95.34

0.375 10 96.72 73.89 88.95 90.54 86.41 82.89 98.83 62.17 70.18 69.26 92.63 80.04 69.45

No. 4 4.76 51.46 61.56 75.91 40.09 79.78 75.45 40.02 49.72 51.36 48.93 82.7 59.29 52.47

No. 10 2 31.71 45.38 60.57 20.6 62.45 52.25 15.94 36.92 32.73 28.04 61.96 41.86 37.89

No. 40 0.42 11.19 28.74 34.81 18.74 45.61 29.18 14.76 9.9 17.11 16.57 32.78 21.96 12.56

No. 200 0.074 7.48 22.76 25 17.76 37.49 16.72 14.22 6.57 10.51 10.19 18.15 13.71 7.45

LL 15 27 21 0 28 16 0 21 19 18 12 21 18

PL 15 21 13 0 18 0 0 16 15 16 0 19 15

PI 0 6 8 0 10 16 0 5 4 2 2 3

W 

USCS

CBR 100%

Y max pci

CBR 95%

Y 95% psi

Swell (%)

k (psi/in) UFC 3-260-02: Table 6-1

wopt %

CBR (max)

% Fine

% Sand (No. 4 - No.200
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3 1/232.521.510.750.375No. 4No. 10No. 40No. 200

B-001 10096.7251.4631.7111.197.48

B-001 10084.473.8961.5645.3828.7422.76

B-002-1 10088.9575.9160.5734.8125

B-002-2 10094.9190.5440.0920.618.7417.76

B-002-2 10090.9786.4179.7862.4545.6137.49

B-003-1 10089.8289.8282.8975.4552.2529.1816.72

B-004-1 10098.8340.0215.9414.7614.22

B-004-2 10086.386.362.1749.7236.929.96.57

B-008-0 10093.7770.1851.3632.7317.1110.51

B-009-0 10093.5583.4869.2648.9328.0416.5710.19

B-010-0 10080.0459.2941.8621.9613.71

Subbase (CBR=50) 1005015

Subbase (CBR=40) 1008015

Subbase (CBR=30) 10010015

Subbase (CBR=50)

Subbase (CBR=40)

Subbase (CBR=30)
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The graphs above provide the grain-size distributions for tested project samples as they relate to grain-size requirements for correlated subbase CBR values
as provided in the UFC-3-260-02 document.  

As shown, the tested project samples do not meet the listed grain-size criteria to be considered subbase material.  As such, UFC-3-260-02 recommends a
maximum CBR of 20 to be designated for the subgrade.
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Figure 5-3. Approximate relationships of soil classification and soil strength

Granular Embankment :
A-1-a
A-1-b
A-2-4
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Types Within
Embankment Fill
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CHAPTER 6

SUBGRADE

1. SUITABILITY OF SUBGRADE.  The information obtained from the explorations and tests
previously described should be adequate to enable full consideration of all factors affecting the suitability
of the subgrade and subsoil.  The primary factors are as follows:

a.  The general characteristics of the subgrade soils.  

b.  Depth to bedrock.  

c.  Depth to water table (including perched water table).

d.  The compaction that can be attained in the subgrade and the adequacy of the existing density in
the layers below the zone of compaction requirements.

e.  The strength that the compacted subgrade, uncompacted subgrade, and subsoil will have under
local environmental conditions.  

f.  The presence of weak or soft layers in the subsoil.

g.  Susceptibility to detrimental frost action.

h.  Settlement potential.

I.  Expansion potential.

j.  Drainage characteristics.

2. GRADE LINE.  The soil type together with information on the drainage requirements, balancing cut
and fill, flooding potential, depth to water table, depth to bedrock, and the compaction and strength
characteristics should be considered in locating the grade line of the top of the subgrade.  Generally, this
grade line should be established to obtain the best possible subgrade material consistent with the proper
utilization of available materials; however, economics of plans for construction must be given prime
consideration.  

3. SUBGRADE CBR.  The strength of the subgrade may be expressed in terms of the CBR for flexible
pavement design.  The CBR test is described in CRD-C 654.  It includes procedures for making tests on
samples compacted to the design density in test molds and is soaked 4 days for making in-place CBR
tests and for making tests on undisturbed samples.  These tests are used to estimate the CBR that will
develop in the pavement structure.  However, a subgrade design CBR value above 20 is not permitted
unless the subgrade meets the requirements for subbases.  The CBR selected for the subgrade will be
based on the predominant moisture conditions occurring during the life of the pavement.  This moisture
situation can be obtained from pavement evaluation reports and from soil tests under existing
pavements.  Where long duration soil moisture conditions cannot be determined with confidence, the
soaked laboratory CBR will be selected for the subgrade soil.  

From: UFC-3-260-02 (30 June 2001)
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ITEM 204 – GEOGRID (AS PER PLAN) 

All requirements of CMS Item 204 Geogrid shall be met in addition to the following:  

1. HIGH PERFORMANCE MULTI-AXIAL, MULTI-APERATURE GEOGRID (NX850 AND NX850-

FG) 

A. Furnish multi-axial, multi-aperture geogrid that is integrally formed with hexagonal, trapezoidal and 

triangular apertures and high-profile ribs exhibiting significant dimensional stability through all ribs and 

junctions of the geogrid structure. The furnished geogrid shall maintain its stabilization and aggregate 

confinement capabilities under repeated dynamic loads while in service, and shall also be resistant to 

ultraviolet degradation, damage under normal construction practices and all forms of biological and 

chemical degradation encountered in the soil on which it is placed. 

B. The geogrid shall be manufactured from a coextruded, composite polymer sheet, which is then punched 

and oriented. The resulting structure shall consist of continuous and non-continuous ribs forming three 

distinct aperture shapes (hexagon, trapezoid, and triangle) and an unimpeded suspended hexagon. 

C. The geogrid structure shall have ribs with depth-to-width aspect ratios greater than 1.0. 

D. The geogrid shall conform to the properties presented in the following table: 

Required Geogrid Properties1 

Name Value (NX850) Value (NX850-FG) Unit 

Aperture Shape 

Hexagonal, 

Trapezoidal, & 

Triangular 

Hexagonal, Trapezoidal, & 

Triangular 
 

Structure 
Coextruded & 

Integrally Formed 

Coextruded & Integrally 

Formed 
 

Rib Shape Rectangular Rectangular  

Rib Aspect Ratio3 > 1.0  > 1.0   

Node Thickness 0.18 0.18 in. 

Continuous Parallel Rib Pitch 3.2 3.2 in. 

Specific Dimension of the Finished 

Rolls2 

(Width x Length) 

12.5 x 197 12.5 x 197 ft. 

Grab Tensile Strength - 160 lbs. 

Grab Elongation - 50 % 

Trapezoid Tear Strength - 160 lbs. 

CBR Puncture Resistance - 410 lbs. 

Pemittivity - 1.5 sec-1 

Water Flow - 110 gpm/ft2 

Apparent Opening Size - 70 Std. US 

UV Resistance 
- 

70 
% 500 

hours 

Specific Dimensions2 - 12.5 x 197 ft. 

1. Unless indicated otherwise, values shown are minimum average roll values determined in accordance 

with ASTM D4759-02.  



 

 

2. Nominal dimensions. 

3. Ratio of the mid-rib depth to the mid-rib width 

E. Submit geogrid product data sheet and certification from the Manufacturer that the geogrid product supplied 

meets the requirements listed. A minimum of one material sample may be selected at random by the 

Engineer from the material delivered and tested for compliance with these requirements. Each sample size 

required shall be a minimum of three (3) feet wide with a one (1) square yard minimum area. 

F. The Contractor shall check the geogrid upon delivery to verify the proper material has been received. The 

Contractor shall also inspect the geogrid to determine that it is free of flaws or damage that may have 

occurred during manufacturing, shipping, or handling. 

G. Storage and Protection 

(1) Follow ASTM D 4873 for geogrid labeling, shipment, and storage. Furnish product labels that 

clearly show the manufacturer’s or supplier’s name, product type, lot number, roll number, 

manufactured date, and roll dimension. Furnish a notation for each shipping document certifying 

that the material is in accordance with the manufacturer’s certificate. 

(2) Prevent excessive mud, wet concrete, epoxy, or other deleterious materials from coming in contact 

with and affixing to the geogrid materials. 

(3) During shipping and storage, protect geogrid from direct sunlight, UV deterioration and 

temperatures greater than 160 degrees F (71 degrees C) or less than -20 degrees F (-29 degrees C). 

(4) Rolled materials shall be laid flat or stood on end. Keep the geogrid dry and do not store directly 

on the ground. 

(5) Geogrid materials should not be left directly exposed to sunlight for more than 6 weeks.  

H. A minimum loose thickness of 6 inches of granular embankment material is required prior to operation of 

tracked vehicles over the geogrid. 

ITEM 204 GRANULAR EMBANKMENT MATERIAL, AS PER PLAN 
All requirements of CMS Item 204 granular embankment material shall be met, except the granular embankment 

to be utilized within the geogrid-reinforced soil mat shall consist of the existing on-site embankment materials 

meeting the Department Group Classifications A-1-a and A-1-b. The maximum grain size shall be less than 3 inches 

and the fines contents (passing the No. 200 sieve) no more than 15%. If additional granular embankment material 

is necessary to meet the planned fill thickness, materials conforming to ODOT Item 703.16 Type B Granular 

material is acceptable provided the fines contents does not exceed 15%. 
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