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1.0 INTRODUCTION 
This report presents the results of HDR Engineering, Inc.'s geotechnical study for Bridge No. 
SCI-823-0917 L, SR 823 over Portsmouth-Minford Road, a component of Phase I of the Ohio 
Department of Transportation's Portsmouth Bypass project located in Scioto County. This study 
was undertaken in response to the Office of Structural Engineering's directive to modify the 
original two-span bridge design to four spans in order to eliminate the approximate 50-foot high 
MSE walls required to retain the approach embankments. This geotechnical report is intended to 
supplement the existing subsurface information at the site, and to amend, as necessary, the 
previous geotechnical recommendations provided by DLZ Ohio, Inc., (DLZ) in their "Report of 
Subsurface Exploration, Bridge and MSE Retaining Walls, SR 823 Over Portsmouth-Minford 
Road (SR 139), SCI-823-0.00 Portsmouth Bypass, Scioto County, Ohio" dated September 26, 
2006. 

The scope of work for this geotechnical study included 
• a review of available soil, geologic and existing subsurface information at the site, 
• site reconnaissance, 
• the development and performance of a limited subsurface exploration program, 
• laboratory testing on selected soil and rock samples in accordance with the requirements 

ofthe ODOT Specifications for Geotechnical Exploration, 
• geotechnical engineering evaluations and analysis, and 
• preparation of this report. 

The purpose of this report is to present descriptions and interpretations of the subsurface 
conditions in the area of the proposed structure as they affect design, and to provide 
recommendations for geotechnical treatments and designs for the foundations of the substructure 
units. 

2.0 PROJECT SETTING 
The Portsmouth Bypass will be a four-lane limited access highway connecting U.S. Route 52 near 
Wheelersburg, Ohio to U.S. Route 23 north of Lucasville. The proposed bypass is intended to 
improve both regional mobility and economic development within the region, and will be 
constructed in three phases. Phase I of the project extends approximately 3.5 miles from 
Shumway Hollow Road to Lucasville-Minford Road (CR 28), passing through rough, hilly 

----·---------rerratrr:---1'he-steep-htllsides and slopes locateaalong tlie proposed alignment are typically wooCleCf 
and undeveloped, while the more gradual slopes and valleys have for the most part been cleared 
for use as pasture land or have been developed as residential properties. 

2.1 Proposed Structure 
Figure 1 shows the planned location for Bridge No. SCI-823-0917 L. The proposed bridge is a 
397-foot long, 4-span structure designed to carry traffic over Long Run Creek and Portsmouth­
Minford Road (SR 139). The structure will be composed of 72-inch Modified AASHTO Type 4 
prestressed concrete !-beams with a composite reinforced concrete deck supported on semi­
integral abutments and T -type piers. As shown in Figure 2, the rear and forward abutments will 
be located at approximate Station 483+ 18 and Station 487+ 15, respectively, and are anticipated to 
be reinforced concrete semi-integral abutments supported on steel H-piles. Pier 1 will be located 
at Station 484+ 17 and Pier 2 at Station 485+ 17, on the opposite bank of Long Run Creek. Pier 3 
will be located to the west of Portsmouth-Minford Road, at Station 486+ 17. Based on previous 
subsurface information gathered at the site, shallow spread footings bearing on rock appear to be 
viable options to support the bridge piers. 



2.2 Soils 
Review of the Natural Resources Conservation Service's "Web Soil Survey" (NRCS website, 
2008) indicates several soil types within the project area, with the predominant soil associations 
consisting of the Shelocta-Brownsville and Omulga groups (see Figure 3). Specifically, soil 
types encountered within the immediate vicinity of Bridge No. SCI-823-0917 are listed below. 

Skidmore Silt Loam, 0 to 3 percent slopes (Sk) - The Skidmore Silt Loam is typically 
found on flood plains, and as such, is occasionally flooded. These soils are well drained 
with high permeabilities and typically have a shallow water table. The depth to bedrock 
is also generally shallow in those areas overlain by the Skidmore Silt Loam. With a 
typical pH value ranging from 5.6 to 7.8, this unit represents a low risk of corrosion to 
uncoated steel and a moderate risk in regards to concrete. 

Shelocta-Brownsville Association, 40 to 70 percent slopes (ScF) - The soils associated 
with the Shelocta-Brownsville Association are typically found along steep hillsides. 
They are well drained with moderately high to high permeabilities and available water 
capacities are moderate to high. The parent material for these soils is colluvium over 
residuum and the depth to water table is typically in excess of 80 inches. With a typical 
pH value ranging from 3.6 to 6.0, this unit represents a low risk of corrosion to uncoated 
steel and a high risk in regards to concrete. Additionally, this unit represents a very 
severe risk of erodibility due to the steepness of the slopes, particularly in regards to the 
Brownsville component. 

Omulga Silt Loam, 1 to 8 percent slopes (OmB) -These soils are typically found along 
terraces and are moderately well drained. Permeabilities are moderately low to 
moderately high and available water capacities are considered moderate. The parent 
material is loess over alluvium over lacustrine deposits and the depth to water table is 
relatively shallow. With a typical pH value ranging from 3.6 to 7.3, this unit represents a 
moderate risk of corrosion to uncoated steel and a high risk in regards to concrete. 

2.3 Site Geology 
An overview of the site geology is found in the "Report of Subsurface Exploration, Bridge and 
MSE Retaining Walls, SR 823 Over Portsmouth-Minford Road (SR 139), SCI-823-0.00 

"---Forlsm&uth-BypttSs,-8eimo--Gottnty;-8h~L~006}-loeated-in-r\ppendix-B:-PJease-note-thm------­

the potentially problematic Minford Silts do not appear to be present at the bridge site based upon 
our review of the previous test borings performed by DLZ at the site. 

It should also be noted that slope instability was indicated by DLZ from Station 482+00 to 
Station 484+25 in their "Report for Geology and Field Reconnaissance, Portsmouth Bypass 
Project, SCI-823-6.81, Phase I- Stage I, Scioto County, Ohio" dated November 29, 2006. This 
instability was described by DLZ as relatively shallow soil creep contained within the overburden 
as a result of the toe ofthe nearly lH:lV slope being eroded by Long Run Creek. The area was 
noted to exhibit signs of a massive landslide in the past at this location, but based on our meeting 
with DLZ and the Office of Geotechnical Engineering on December 20, 2007, it is our 
understanding that there is no evidence of a deep active slide in the area, and that the past slide at 
the site has removed the majority of the overburden on the slope. Evidence of the past slide and 
the more recent shallow soil creep were confirmed by HDR geotechnical personnel during their 
site reconnaissance on January 22, 2008. 
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3.0 SUBSURFACE EXPLORATION 
A subsurface exploration program was developed using the site plans for the four span bridge 
option and the existing subsurface information available at the site. Eight test borings were 
previously drilled at the bridge site as part of DLZ's original geotechnical study for Bridge No. 
SCI-823-0837 L. As several of the previously drilled test borings are located at or near the 
proposed substructure units (see Figure 2), a single new test boring, designated as B-003-0-08 
was located at the rear abutment of the structure. This boring was located and staked in the field 
by TesTech, Inc. with stations and offsets developed by HDR from the coordinates and elevation 
provided. 

Drilling and sampling was performed on February 11, 2008. An ATV mounted CME 550 drill 
rig equipped with a 3W' inside diameter hollow stem auger was used to advance the borings. The 
boring was drilled in general accordance with the "Specifications for Geotechnical Explorations" 
(ODOT, 2007) with sampling of the overburden soils accomplished in accordance with "Standard 
Test Method for Penetration Test and Split-Barrel Sampling of Soils", ASTM D 1586. In the 
spilt-barrel sampling procedure, a standard 2-inch outside diameter split-barrel sampling spoon is 
driven into the ground with a 140-pound hammer falling a distance of 30 inches. The number of 
blows required to advance the sampling spoon the last 12 inches of an 18-inch penetration is 
recorded as the standard penetration test (SPT) resistance or N-value. The soils were sampled at 
2.5-foot intervals until spoon refusal, defined as a minimum of 50 blows per 2 inches of 
penetration, was obtained on the underlying bedrock. It should be noted that as the soil/bedrock 
interface was generally transitional from residual soil to weathered rock, samples of this softer 
bedrock was achieved by overdriving the sampling spoon. Additional sampling of the bedrock at 
Boring B-003-0-08 was accomplished in accordance with the "Standard Practice for Rock Core 
Drilling and Sampling of Rock for Site Investigation", ASTM D 2113, using an NX-size double 
tube-swivel core barrel. 

Water levels within Boring B-003-0-08 were measured when encountered during drilling, 
immediately upon completion of the boring, and again approximately 24 hours after completion. 
After obtaining the final water level reading, the boring was grouted in accordance with ODOT's 
"Policy for Sealing of Geotechnical Exploratory Boreholes". 

4.0 LABORATORY TESTING PROGRAM 
-----+he--ree~vered--soil-and--roek-sampies--were-visuaHy-classifted-by-arr-H:BR-geutechn:icaJ---engirreer 

and representative samples selected for laboratory testing to confirm the field classifications and 
to assess the various engineering properties of the encountered materials. The tests performed on 
representative soil samples included 7 natural moisture contents (ASTM D 2216), 2 Atterberg 
limit determinations (ASTM D 4318), 2 grain size analyses (ASTM D 422), and 2 unconfined 
compressive strength tests (ASTM D 2166). The results of the laboratory tests are presented on 
the laboratory summary sheets located in Appendix C, with individual copies of the laboratory 
test data sheets also provided in Appendix C. 

5.0 ENCOUNTERED SUBSURFACE CONDITIONS AT THE STRUCTURE 

This section summarizes the subsurface conditions encountered during the field exploration 
program. For a more detailed description of the subsurface conditions encountered during the 
previous subsurface exploration programs at the site, please refer to the "Report of Subsurface 
Exploration, Bridge and MSE Retaining Walls, SR 823 Over Portsmouth-Minford Road (SR 139), 
SCI-823-0.00 Portsmouth Bypass, Scioto County, Ohio" (DLZ, 2006) located in Appendix B. 
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5.1 Previous Exploration Programs 
Eight test borings were previously drilled at the bridge site as part ofDLZ's original geotechnical 
study for the structure. Based upon review of their geotechnical report, five preliminary 
structural borings designated as TR-15 through TR-19 were performed by DLZ between July 9, 
2004 and February 23, 2005, and three final structural borings, designated as B-10 through B-12, 
were performed between June 20 and 28, 2006. The locations of these eight borings as related to 
the current bridge plan are presented in Figure 2. 

In general, the previous test borings at the site encountered 2 to 12 inches of topsoil overlying a 
relatively thin layer of primarily granular soils. The overburden typically extended from 
approximately 4.0 to 9.2 feet below the existing ground surface, and was described as gravel with 
sand (A-2-4), sandy silt (A-4a), and silt (A-4b) with a minor cohesive component. SPT N-values 
ranged from 2 to 18 blows/foot within the overburden material, with the granular soils noted to be 
loose to medium dense while the soils with a more appreciable cohesive component were 
typically described as medium stiff to very stiff. 

The underlying bedrock was described as very fme to fine grained, argillaceous sandstone. 
Typically, the sandstone was described as medium hard to hard, moderately to slightly weathered, 
moderately to slightly fractured, and laminated to massively bedded. The amount of core 
recovery varied from 78 to 1 00 percent, with an average recovery of 95 percent. The rock quality 
designation (RQD) for the sandstone ranged between 57 and 97 percent, with an average RQD of 
80 percent. Unconfined compressive strength tests performed on four intact core samples from 
the final structural borings indicated unconfined compressive strengths ranging from 9,709 to 
11,829 psi, with an average unconfined compressive strength of 10,617 psi. 

5.2 Recent Exploration Program (Rear Abutment) 
This section summarizes the subsurface conditions encountered during HDR's field exploration 
program. The typed test boring log and photographs of the recovered rock core for boring B-003-
0-08 is included in Appendix D. 

Boring B-003-0-08 encountered a 12.5-foot thick layer of residual soil overlying sedimentary 
bedrock. The residuum was classified as silt (CL, A-4b) and silt and clay (CL, A-6a). SPT N­
values within the overburden ranged from 9 blows/foot to over 50 blows/foot with depth. 

The underlying sedimentary rock consisted of argillaceous silty shale and interbedded siltstone 
and sandy shale, with the top of rock (silty shale) encountered at approximate El. 663.0. The 
overlying argillaceous silty shale was described as completely to moderately weathered, with the 
degree of weathering decreasing with depth. The underlying interbedded siltstone and sandy 
shale was described as slightly weathered to unweathered. RQD values ranged from 82 to 94 
percent, signifying very good quality rock. The core recoveries were generally good and ranged 
from 97 to 1 00 percent, with the lower recovery rates encountered within the upper rock stratum. 
The results of two unconfined compressive tests on intact core samples indicated unconfined 
compressive strengths (qu) of 6,169 psi for the overlying argillaceous silty shale and 15,441 psi 
for the interbedded siltstone and sandy shale. 

5.3 Summary of Subsurface Conditions 
As noted previously, Bridge No. SCI-823-0917 L was modified from two spans to four spans in 
order to eliminate the approximate 50-foot high MSE walls required to retain the approach 
embankments. Under the new bridge design, several of the substructure units were repositioned 
and four new T -type piers added; however, the subsurface exploration program as performed by 
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DLZ had been completed under the original two-span bridge design. As shown in Table 1, these 
previously drilled test borings are located approximately 10 to 45 feet from the currently 
proposed substructure locations. As such, some variations in the estimated top of bedrock at the 
proposed substructure locations should be anticipated. 

Table 1: Substructure and Boring Locations 

Substructure Associated Borings 

Boring 
Top of Top of 

Description Station Station Boring Rock 
Number 

Elevation Elevation 

Rear 
483+ 16.0, CL B-003-0-08 483+12.0, 11.4 ft. LT 675.5 659.4 

Abutment 

Pier 1 484+14.7, CL 
TR-18 484+38.6, 39.0 ft. LT 631.3 624.0 

TR-19 483+69.8, 46.5 ft. RT 633.0 624.3 

B-11 485+19.1, 48.6 ft. LT 632.7 624.2 

Pier 2 485+14.7, CL B-12 485+04.7, 9.0 ft. RT 632.5 624.0 

TR-17 485+26.9, 24.3 ft. RT 631.7 624.7 

Pier 3 486+14.7, CL 
B-10 486+01.5, 43.8 ft. RT 632.6 623.1 

TR-16 486+12.4, 32.3 ft. LT 631.9 623.4 
Forward 

487+ 13.4, CL TR-15 486+83.3, 32.9 ft. RT 631.3 623.3 
_.Abutment _ 

-------------------------------- --------------

Table 2 presents the proposed design elevations for the individual substructure units and the top 
of rock as encountered in the nearby boring locations. Based on the encountered subsurface 
conditions at the site, the depth to bedrock varies from approximately 7 to 16 feet below the 
existing ground surface at the bridge site. The top of rock was encountered between elevations 
623.1 and 624.7 along the valley floor at the locations of the bridge piers and the forward 
abutment. At the rear abutment as currently located on the valley wall, rock was encountered 
significantly higher at El. 659.4. 

1--- TableZ: C< :r u• .u~;;;,i~u ii.:fevations forlndividmrl Snbstrrrcturet:Jnit:o. 
Existing Proposed 

Top of 
Approximate Proposed 

Substructure Grade at Ground 
Rock1 Depth to Bottom of 

Unit Centerline Surface At 
(El.) 

Bedrock2 Footing/ 
(Estimated) Centerline (ft) Concrete Cap 

Rear Abutment 665.0 699.8 659.4 40.5 685.9 

Pier 1 634.0 643.0 624.0 - 624.3 18.5 to 19.0 622.5 

Pier 2 631.6 631.6 624.0 - 624.7 7.0 to 8.0 622.7 

Pier 3 631.9 635.4 623.1 - 623.4 12.0 to 12.5 622.8 
Forward 

633.2 691.1 623.3 68.0 676.8 
Abutment I 

Notes: 1. As encountered in the nearest test borings 

I 2. Below proposed grade 
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6.0 ANALYSES AND DISCUSSIONS 
Spread footings, drilled shafts and driven piles are all viable options for support of Bridge No. 
SCI-823-0917-L based upon the encountered subsurface conditions at the site as well as the 
economics of construction. As such, analyses were performed to determine the bearing capacity 
of shallow spread footings and the axial capacity of steel H-piles. Analyses for the drilled shafts 
were not performed as the reconunendations provided by DLZ in their "Report of Subsurface 
Exploration, Bridge and MSE Retaining Walls, SR 823 Over Portsmouth-Minford Road (SR 139), 
SCI-823-0.00 Portsmouth Bypass, Scioto County, Ohio" (2006) appear to be adequate. The 
results of these and other related analyses are presented in the appendices. 

6.1 Rear Abutment 
As shown in Table 2, the proposed bottom of footing/pile cap for the rear abutment is El. 685.87, 
approximately 21 feet above the existing ground surface (at the centerline) and roughly 27 feet 
above the top of rock based on boring B-003-0-08. Approximately 30 to 35 feet of fill will be 
required to attain the proposed profile grade (El. 699.8) at the abutment location based on the 
bridge plan provided in Figure 2. The overall depth of the embankment fill would preclude the 
use of spread footings bearing on rock, and excess differential settlement would be a concern if 
the spread footings were to be located within the fill. As such, steel H-piles driven to absolute 
refusal on bedrock appear to be the most feasible and cost effective foundation to support the rear 
abutment. For steel piles driven to bedrock, refusal is obtained when a minimum driving 
resistance of 20 blows per inch is achieved per Section 606.1 of the ODOT Bridge Design 
Manual. 

Top of rock was encountered at El. 659.4 in boring B-003-0-08, with the bedrock consisting of 
decomposed to moderately weathered silty shale overlying interbedded siltstone and sandy shale. 
Refusal of the driven piles is expected to be obtained relatively quickly once the top of rock is 
encountered, with less than 12 inches of penetration into the overlying weathered rock expected. 
Hardened steel pile driving tips should be utilized per Section 202.2.2.2.a of the ODOT Bridge 
Design Manual to protect the H-piles from damage and to minimize slippage on the sloping 
bedrock surface. 

For piles driven to refusal on competent rock, the structural capacity of the piles will control the 
design. Based on Section 4.5.7.3 ofthe Standard Specifications for Highway Bridges (AASHTO, 
200Z), an atlowaole axial stress of-ets-ks1(tt25fy) is recommenae~e----so--H-plle _______ _ 
bearing on bedrock. Foundation settlement at the rear abutment as a result of elastic compression 
of the piles is anticipated to be negligible. It should be noted that lateral loads will be resisted by 
battered piles without relying on lateral resistance of the vertical piles. 

Special construction measures will be required to allow for the installation of the driven piles 
through the approach embankments as the embankment material is expected to contain 
appreciable quantities of durable rock. It is reconunended that the steel H-piles be installed 
through a pile window constructed during placement of the approach embankment fill. The pile 
window should extend 3 feet laterally beyond the outer limits of the piles in all directions, and 
extend from the bottom of the abutment pile cap to the existing ground surface. The pile window 
should be constructed of Granular Material Type C (Item 703.16 of the Construction and 
Material Specifications) as the maximum 3-inch particle size should not impede pile penetration 
and the requirement for prebored holes through the embankment material per Section 202.2.3.2.g 
of the ODOT Bridge Design Manual could be eliminated. It is anticipated that the Type C 
Granular Material can be processed on site using the hard, durable sandstone and siltstone from 
the nearby rock cuts. 
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6.1 Forward Abutment 
As shown in Table 2, the proposed elevation for the bottom of footing/pile cap at the forward 
abutment is 676.78 feet, roughly 44 feet above the existing ground surface (at the centerline) and 
approximately 54 feet above the top of rock based on boring TR-15. The proposed profile grade 
at the abutment is El. 691.1, indicating that approximately 58 feet of embankment fill will be 
required at the abutment location based on the bridge plan provided in Figure 2. As such, steel H­
piles driven to refusal on bedrock appear to be the most feasible and cost effective foundation to 
support the forward abutment as the overall depth of the embankment fill would preclude the use 
of spread footings bearing upon rock and excess differential settlement would be a concern if the 
spread footings would be located within the fill. 

The top of rock was encountered at El. 623.3 in boring TR-15. The bedrock consists of medium 
hard to hard, very fine to fine grained sandstone. Refusal is expected to be obtained relatively 
quickly once the top of rock is encountered, with less than 12 inches of penetration into the 
sandstone expected. Hardened steel pile driving tips should be utilized per Section 202.2.2.2.a of 
the ODOT Bridge Design Manual to help protect the H-piles from damage during driving. 

For piles driven to refusal on competent rock, the structural capacity of the piles will generally 
control the design. Based on Section 4.5. 7.3 of the Standard Specifications for Highway Bridges 
(AASHTO, 2002), an allowable axial stress of 12.5 ksi (0.25fy) is recommended for a Grade 50 
H-pile bearing on bedrock. Foundation settlement at the forward abutment as a result of elastic 
compression of the piles is anticipated to be negligible. It should be noted that lateral loads will 
be resisted by battered piles without relying on lateral resistance of the vertical piles. 

Special construction measures will be required to allow for the installation of the driven piles 
through the approach embankments as the embankment material is expected to contain 
appreciable quantities of durable rock. It is recommended that the steel H-piles be installed 
through a pile window constructed during placement of the approach embankment fill. The pile 
window should extend 3 feet laterally beyond the outer limits of the piles in all directions, and 
extend from the bottom of the abutment pile cap to the existing ground surface. The pile window 
should be constructed of Granular Material Type C (Item 703.16 of the Construction and 
Material Specifications) as the maximum 3-inch particle size should not impede pile penetration 
and the requirement for prebored holes through the embankment material per Section 202.2.3.2.g 
of-the--9:90~---Bridge--Besign-Manuttl--eottld-be-diminated:--ft-is--anticipated-that-the-'Fype-P--------­

Granu1ar Material can be processed on site using the hard, durable sandstone and siltstone from 
nearby rock cuts. 

6.3 Bridge Piers 
Based on the subsurface conditions encountered at the pier locations, bedrock is expected to be 
encountered within approximately 7 to 19 feet below final grade at Piers 1, 2 and 3 (See Table 2). 
As such, both drilled shafts and spread footings bearing upon competent rock appear to be viable 
options to support the bridge piers. Recommendations are provided for both foundation types, 
with constructability and cost effectiveness expected to be the main factors in determining the 
most feasible foundation alternative. 

6.3.1 Pier 1 

Spread Footings 
Based on Borings TR-18 and TR-19, the top of rock was encountered from El. 624.0 to El. 624.3 
across Pier 1. The bedrock was described as medium hard to hard, very fine to fine grained, 
argillaceous, micaceous sandstone. The sandstone is moderately to slightly weathered, with 

7 



fractures and broken zones noted from El. 624.0 to El. 623.3 in boring TR-18, and decomposed 
rock from El. 624.3 to El. 623.6 in boring TR-19. As such, it is recommended that the proposed 
bottom offooting be located at El. 623.3 or lower. 

Analyses were performed to verify the allowable bearing capacity of 40 tsf for spread footings 
bearing upon competent bedrock as recommended by DLZ in their previous geotechnical report 
for the site (DLZ, 2006). These analyses were based upon the Geomechanics Classification 
System of Rock Mass Rating, and using the rock descriptions, RQD, and unconfmed compression 
test data as provided in DLZ's final boring logs. As shown in the analyses presented in Appendix 
E, a reduced allowable bearing capacity of 35 tsf is recommended. 

Due to the potential for variations in the top of bedrock beneath the footing from that encountered 
at Borings TR-18 and TR-19, provisions should be included in the construction plans for 
overexcavation and backfill with Class C concrete. If unacceptable bearing material is 
encountered at or below the proposed bottom of footing, the unacceptable materials should be 
removed to bedrock, and the minimum bottom of footing reestablished using Class C concrete. 
Any overexcavation should be stepped and have a level bottom. 

Drilled Shafts 
The use of drilled shafts should be explored as an alternative to a spread footing foundation at 
Pier 1 due to the size and depth of the excavation that will be required to construct the spread 
footing. It is currently understood that the approach embankment will be constructed under 
separate contract in advance of the bridge contract. As such, an approximate 21-foot deep 
excavation would be required to construct the footing at the proposed bearing elevation of 622.5. 
Temporary shoring, particularly on the upslope side of the excavation would likely be required, 
and/or the excavation sloped in accordance with applicable federal (OSHA) and state standards. 
A smaller footprint with less excavation is anticipated for the drilled shaft alternative as the cap 
for the drilled shafts is expected to be considerably smaller than the dimensions for a spread 
footing, and the bottom of the cap would likely be set higher, within the overburden material, 
rather than at the top of rock. 

The drilled shafts should be designed following the recommendations provided in the "Report of 
Subswface Exploration, Bridge and MSE Retaining Walls, SR 823 Over Portsmouth-Minford 
Road (SR 139), SCI-823-0.00 Portsmouth Bypass, Scioto County, Ohio". (DLZ, 2006)_. Per DLZ's 
geotechnical report, the drilled shafts should be socketed a minimum of 5 feet into competent 
bedrock, and the shafts designed for tip resistance only, using an allowable bearing pressure of 40 
tsf. Any side resistance provided by the overlying soils and from the shallow rock socket should 
be neglected. Per DLZ's report, deeper rock sockets(> 5 ft) can be utilized if adequate capacity 
cannot be developed through end bearing; however, it is recommended that the drilled shafts be 
designed such that the loads are carried entirely by the socket resistance and any end bearing 
ignored. DLZ recommends an allowable sidewall resistance of 7500 psf for the rock socket, and 
that any side resistance within the upper two feet of the rock socket be neglected. 

6.3.2 Pier 2 

Spread Footings 
The top of rock varies from El. 624.0 to El. 624.7 across Pier 2, with the bedrock described as 
medi urn hard to hard, very fine to fine grained, argillaceous sandstone based on borings B-11, B-
12 and TR-17. A highly fractured to broken zone was noted from El. 624.2 to El. 622.7 in Boring 
B-11 and a very soft, highly weathered zone to El. 624.3 in Boring TR-17. As such, it is 
recommended that the proposed bottom of footing be set at El. 622.7 or lower. 
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Analyses were performed to verify the allowable bearing capacity of 40 tsf for spread footings 
bearing upon competent bedrock as recommended by DLZ in their previous geotechnical report 
for the site (DLZ, 2006). These analyses were based upon the Geomechanics Classification 
System of Rock Mass Rating, and using the rock descriptions, RQD, and unconfined compression 
test data of the bedrock as provided in DLZ's final boring logs. As shown in the analyses 
presented in Appendix E, a reduced allowable bearing capacity of 35 tsf is recommended. 

Due to the potential for variations in the top of bedrock beneath the footing from that encountered 
at Borings B-11, B-12 and TR-17 , provisions should be included in the construction plans for 
overexcavation and backfill with Class C concrete. If unacceptable bearing material is 
encountered at or below the proposed bottom of footing, the unacceptable materials should be 
removed to bedrock, and the minimum bottom of footing reestablished using Class C concrete. 
Any overexcavation should be stepped and have a level bottom. 

Drilled Shafts 
The use of drilled shafts should be explored as an alternative to a spread footing foundation at 
Pier 2 due to the close proximity of the bridge pier to Long Run Creek. A smaller footprint with 
less excavation is anticipated for the drilled shaft alternative, and could eliminate the need for 
construction of a temporary cofferdam within the creek and associated dewatering. 

The drilled shafts should be designed following the recommendations provided in the "Report of 
Subsurface Exploration, Bridge and MSE Retaining Walls, SR 823 Over Portsmouth-Minford 
Road (SR 139), SCI-823-0.00 Portsmouth Bypass, Scioto County, Ohio" (DLZ, 2006). Per DLZ's 
geotechnical report, the drilled shafts should be socketed a minimum of 5 feet into competent 
bedrock, and the shafts designed for tip resistance only, using an allowable bearing pressure of 40 
tsf. Any side resistance provided by the overlying soils and from the shallow rock socket should 
be neglected. Per DLZ's report, deeper rock sockets (> 5 ft) can be utilized if adequate capacity 
cannot be developed through end bearing; however, it is recommended that the drilled shafts be 
designed such that the loads are carried entirely by the socket resistance and any end bearing 
ignored. DLZ recommends an allowable sidewall resistance of 7500 psf for the rock socket, and 
that any side resistance within the upper two feet of the rock socket be neglected. 

6.3.3 Pier 3 

Based on Borings B-1 0 and TR -16, the top of rock was encountered from approximate El. 623.1 
to El. 623.4 across Pier 3. The bedrock was described as medium hard to hard, very fine to fine 
grained, argillaceous, micaceous sandstone. With recovery rates ranging from 96 to 98 percent, it 
is recommended that the proposed bottom of footing for Pier 3 be located at El. 623.0 or lower. 

Analyses were performed to verify the allowable bearing capacity of 40 tsf for spread footings 
bearing upon competent bedrock as recommended by DLZ in their previous geotechnical report 
for the site (DLZ, 2006). These analyses were based upon the Geomechanics Classification 
System of Rock Mass Rating (RMR), and using the rock descriptions, RQD, and unconfined 
compression test data of the bedrock as provided in DLZ's final boring logs. As shown in the 
analyses presented in Appendix E, a reduced allowable bearing capacity of 35 tsf is 
recommended. 

Due to the potential for variations in the top of bedrock beneath the footing from that encountered 
at Borings B-1 0 and TR-16, provisions should be included in the construction plans for 
overexcavation and backfill with Class C concrete. If unacceptable bearing material is 
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encountered at or below the proposed bottom of footing, the unacceptable materials should be 
removed to competent rock, and the minimum bottom of footing reestablished using Class C 
concrete. Any overexcavation should be stepped and have a level bottom. 

Drilled Shafts 
The use of drilled shafts should be explored as an alternative to a spread footing foundation at 
Pier 3 due to the size and depth of the excavation that will be required to construct the spread 
footing. It is currently understood that the approach embankment will be constructed under 
separate contract in advance of the bridge contract. As such, an approximate 13-foot deep 
excavation would be required to construct the footing at the proposed bearing elevation of 622.8. 

Temporary shoring, particularly on the upslope side of the excavation would likely be required, 
and/or the excavation sloped in accordance with applicable federal (OSHA) and state standards. 
A smaller footprint with less excavation is anticipated for the drilled shaft alternative as the cap 
for the drilled shafts is expected to be considerably smaller than the dimensions for a spread 
footing, and the bottom of the cap would likely be set higher, within the overburden material, 
rather than at the top of rock. 

The drilled shafts should be designed following the recommendations provided in the "Report of 
Subsurface Exploration, Bridge and MSE Retaining Walls, SR 823 Over Portsmouth-Minford 
Road (SR I39), SCI-823-0.00 Portsmouth Bypass, Scioto County, Ohio" (DLZ, 2006). Per DLZ's 
geotechnical report, the drilled shafts should be socketed a minimum of 5 feet into competent 
bedrock, and the shafts designed for tip resistance only, using an allowable bearing pressure of 40 
tsf. Any side resistance provided by the overlying soils and from the shallow rock socket should 
be neglected. Per DLZ's report, deeper rock sockets (> 5 ft) can be utilized if adequate capacity 
cannot be developed through end bearing; however, it is recommended that the drilled shafts be 
designed such that the loads are carried entirely by the socket resistance and any end bearing 
ignored. DLZ recommends an allowable sidewall resistance of 7500 psf for the rock socket, and 
that any side resistance within the upper two feet of the rock socket be neglected. 

6.4 Approach Embankments 
As over 3 million cubic yards of waste material is currently estimated for Phase I of the 
Portsmouth Bypass project, consideration should be given to using durable rock fill to construct 
the bridge approach embankments. The use of durable rock rather than random fill materials will 

_ ____ help to limit settlement at the bridge approaches (thus avoiding the bump that commonly occurs 
at the ends of the structure), as well as reduce the quarantine period for the embankments as 
settlement of the rock fill itself should occur relatively quickly. In addition, the stability of the 
embankment slopes will be improved as the rock fill provides a substantial increase in shear 
strength over that of random fill. The durable rock fill should be located within six times the 
height of the fill at the abutment location, and placed in accordance with Item 203 of the 
Construction and Materials Specifications. 

6.4.1 Slope Stability 

Based upon recommendations provided in the "Report of Subsurface Investigation, Embankments 
(Station 4I6+00 to 509+ 50), Project SCI-823-6.8I, Phase I - Stage I, Scioto County, Ohio" 
(DLZ, 2006), the embankment slope ratios beyond the ends of the bridge were set at 2H: IV. 
Stability analyses for the planned slopes were conducted in accordance with the guidelines and 
criteria established by the Ohio Department of Transportation using a minimum target factor of 
safety of 1.3 for both long and short term conditions as the abutments will be supported on pile 
foundations. 
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The soil and rock properties used in the stability analyses for the various strata encountered at the 
site are presented in Table 3. These parameters are based on previous values reported by DLZ in 
their "Report of Subsuiface Exploration, Bridge and MSE Retaining Walls, SR 823 Over 
Portsmouth-Minford Road (SR 139), SCI-823-0.00 Portsmouth Bypass, Scioto County, Ohio" and 
their "Response to Stage I Geotechnical Review Comments, Phase F' dated March 7, 2008, as 
well as standard geotechnical correlations and engineering judgment. 

Table 3: Soil Parameters Used in Stability Analyses 
Unit Strength Parameters 

Zone Soil Type Weight Undrained Drained 
(pet) c (psf) <I> c' (psf) cp' 

Fill 
Compacted 

125 0 35 0 35" 
Embankment Fill 

Rock Toe Select Rock Fill 130 0 38 0 38 

Foundation Soil Medium Dense 
120 0 29 0 29 

(Rear Abutment) Sandy Silt 
Foundation Soil Very Soft to Stiff 

120 1000 0 0 29 
(Forward Abutment) Sandy Silt 

Bedrock 
Sandstone and 

130 3500 45 3500 45 
Siltstone 

Note: a. Embankment fill consisting primarily of excavated rock (per DLZ). 

The stability analyses were performed using the software package GST ABL 7 with STEDwin. 
This program is a Windows version of the computer program ST ABL as developed by Purdue 
University through the support of the Indiana State Highway Commission. The program's 
capacity to analyze circular failure surfaces using the Modified Bishop's Method of Slices was 
used in these analyses. The results of the stability analyses are presented in Appendix E. 

The planned 2H: 1 V embankment slopes at the forward abutment meet the minimum required 
factor of safety of 1.3 under both short and long-term conditions. As shown in the stability runs 
presented in Appendix E, factors of safety of 1.36 and 1.35 were calculated, respectively. 

-----------llowe-ver,at-the-+ear-abutment,th~existing--foundat-ieiHe~nGeuntgrOO--aleng-.beng-Run-Grgg:K-------­

do not have sufficient strength for the planned embankment slopes to meet the targeted ODOT 
standard. As shown in Appendix E, a factor of safety of 1.24 was calculated for the rear approach 
embankment under both short and long term conditions. As such, an embankment toe key was 
modeled to lock the embankment into the relatively flat, existing ground and increase the shear 
strength of the foundation soils. Based on the stability analyses, the shear key will need to be 
constructed of durable rock fill and should extend to the top of bedrock. The base of the shear 
key should be a minimum of 8 feet in width, with front and back slopes of I H: IV extending from 
the existing ground surface to the top of rock. As shown in the stability runs presented in 
Appendix E, the use of an embankment toe key is sufficient to increase the calculated factor of 
safety at the rear abutment to 1.31, exceeding the targeted ODOT standard of 1.3. 

6.4.2 Embankment Settlement 

Due to roadway design and grading requirements, the bridge abutments will be constructed on 
relatively large approach embankments. Based on the provided bridge plan (Figure 2), up to 35 
feet of compacted fill is expected at the rear abutment, and over 58 feet of fill at the forward 
abutment. The magnitude of the embankment settlement will be a function of the consolidation 
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of the existing foundation soils under the influence of the overlying fill and consolidation of the 
embankment fill itself under the influence of successive lifts. It is difficult to analyze settlement 
of the compacted embankment fill as the amount of settlement experienced will be dependent 
upon the materials, placement, and construction controls used to place the embankments. As 
such, a quarantine period and settlement monitoring is often recommended for critical 
embankment areas near project structures as inherent impacts such as downdrag and bending of 
piles, and rotation/differential stresses on the substructure units can occur if settlement is not 
allowed to progress to completion, or near completion, prior to substructure construction. Based 
upon research performed by the United States Bureau of Reclamation (Sherard et. al., 1963), 
consolidation within compacted embankment fill generally ranges between approximately one to 
four percent of the embankment height. Using proper placement and compaction of the 
embankment materials, and assuming one percent consolidation as the embankments will be 
constructed primarily of excavated rock, approximately 4 to 5 inches of settlement at the rear 
abutment and about 7 inches of settlement at the forward abutment can be expected. However, it 
is anticipated that most of this settlement will occur during construction of the embankment. 

Settlement analyses were performed at Station 483+ 17 and Station 486+98 to assess the 
magnitude and duration of the expected settlement for the encountered foundation soils at the site 
as a result of the new embankment loading. As shown in Appendix E, settlement as a result of 
primary consolidation is estimated to be approximately 2 inches at Station 483+ 17 and 
approximately 1 inch at Station 486+98. The time needed to reach 90% consolidation is 
estimated at 1 07 days and 221 days respectively. 

Due to the estimated 1 to 2 inches of consolidation settlement expected at the approach 
embankments, additional loading due to downdrag on the pile supported abutments is a concern. 
It is estimated that consolidation will take approximately two months from completion of the 
embankments to progress to the point where less than Yz inch of settlement has yet to occur (the 
point at which loading due to downdrag on the abutment piles is no longer a concern). As such, 
the embankments should be quarantined and monitored for a minimum of 60 days to allow the 
settlement to take place prior to the start of substructure construction. Provisions should be 
included in the contract to allow for an extension of the monitoring period without penalty if the 
settlement has not slowed to an acceptable rate over the 60 days. 

(h4 .3 S0ttl0m0nt-MeniteFigg 

Settlement monitoring should consist of the placement and monitoring of surface monuments to 
establish the time-settlement characteristics of the embankment fill and the underlying foundation 
soils once the embankments are complete. Surface monuments typically consist of a 6-inch 
diameter augured hole that is backfilled with concrete. A section of steel rebar (minimum length 
of 36 inches) is centered in the concrete, with the top of the reinforcing bar approximately Yz inch 
above the ground surface. (See Figure 4.) Recommended locations for the surface monuments 
are provided in Table 4. 

Table 4 Recommended Locations for Surface Monuments 

Approach Embankment Station Location 

Rear 
482+90, 40 feet LT Roadway Shoulder 

482+70, 40 feet RT Roadway Shoulder 

487+70, 40 feet LT Roadway Shoulder 
i Forward 

487+50, 40 feet RT Roadway Shoulder I 
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Weekly settlement monitoring should be performed, and the survey data collected over the 
quarantine period reviewed by the District to establish the time-settlement characteristics of each 
approach embankment. The quarantine period could be refined and possibly shortened at the 
direction of the District should the data collected during the quarantine period show negligible 
settlement at a time less than the recommended 60 days. Conversely, if the data shows that 
settlement is continuing at a magnitude or rate deemed unacceptable by the District at the end of 
the 60 day period, the quarantine period should be extended as required. 

7.0 RECOMMENDATIONS 
General and specific recommendations are provided in this section and include foundation details 
as well as locations for geotechnical treatments for the approach embankments based on the 
proposed bridge design. 

7.1 Foundation Design 
Table 5 provides a summary of the foundation design parameters for Bridge No. SCI-823-0917 L, 
based on review of the previous geotechnical exploration programs at the site, the encountered 
subsurface conditions, laboratory tests performed on representative soil and rock samples, and our 
engineering analyses. Driven H-piles are recommended to support the rear and forward 
abutments, and recommendations for both spread footings and drilled shafts are provided for the 
bridge piers. 

7 .1.1 Rear Abutment 

• It is recommended that the rear abutment be founded upon steel H piles driven to 
absolute refusal on the underlying bedrock. An allowable axial stress of 12.5 ksi is 
recommended for a Grade 50 H-pile bearing on bedrock. 

• The allowable pile capacities provided in Section 202.2.3.2a of the Bridge Design 
Manual do not include section loss due to corrosion. As corrosivity testing was not 
performed on the potential embankment material, a corrosive environment should be 
assumed, and the pile dimensions should be reduced by 1116 inch when computing the 
area of the pile. 

• Standard pile tip reinforcement is recommended per Section 202.2.3.2.a of the ODOT 
Bridge Design Manual. 

______ • _ _,_An-"=-_,a'-'-v=er=a@__Qile length of 29 feet is anticipated based on the encountered subsurface 
conditions at Borings B-003-0-08 and the design elevations presented in Table 5. 

• It is recommended that the steel H-piles be installed through pile windows constructed 
during placement of the approach abutment fill. The pile window should extend 3 feet 
laterally beyond the outer edges of the piles in all directions, with the vertical extent of 
the window from the bottom of the abutment pile cap to the existing ground surface. The 
pile window should be constructed of Type C Granular Material (Item 703.16 of the 
Construction and Material Specifications). 

• The abutment should be designed based on an active earth pressure condition using a unit 
weight of 125 pcf and an angle of internal friction of 35 degrees plus any surface 
surcharge. To account for traffic loading, a surcharge equivalent to 2 feet of soil (y = 120 
pcf) should be applied. Please note that no hydrostatic pressure has been included in the 
recommended design earth pressure. As such, drainage provisions for the abutment 
should be provided. 
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' 
Table 5: !Summary of Foundation Design Parameters 

Substructure Unit 
Rear Forwart Pier 1 Pier 2 Pier 3 Pier 1 Pier 2 Pier 3 

Abutment Abutme t 
Driven Driven I Spread Spread Spread Drilled Drilled Drilled 

Foundation Type 
Piles Piles I Footing Footing Foot~ Shafts Shafts Shafts 

Proposed Bottom of 
685.87 676.781 623.3 622.7 623.0 TBD TBD TBD 

Footing/Pile Cap (El.) 

623.0 
624.0 to 624.0 to 623.0 to 624.0 to 624.0 to 623.0 to Top of Bedrock (El.) 659.0 

624.5 625.0 623.5 624.5 625.0 623.5 

Estimated Tip 
658.5 622.0 NA NA NA 618.3(1) 617.7 (1) 618.0 (1) 

Elevation (El.) 
Estimated Pile 

29ft 56ft NA NA NA NA NA NA Length 2'
3 

Allowable Axial 
12.5 ksi 12.5 ksi NA NA NA NA NA NA Stress 4

'
5 

Minimum Length of I 
5ft 5ft 5ft Rock Socket 1'

6 NA NA I NA NA NA 

Allowable Side I 

Resistance of Rock NA NA NA NA NA 7500 psf 7500 psf 7500 psf 
Socket 6'

7
'
8 

Allowable Bearing NA NA 35 tsf 35 tsf 35 tsf 40 tsf<6l 40 tsf<6l 40 tsf <6) Capacity 
Notes: 1. The design lengths for the rock sockets and forresponding tip elevations to be determined using the axial and lateral loads 

2. Average Length based on encountered bednDck elevation at the test boring locations 
3. Includes 1-foot embedment into cap [ 
4. Allowable horizontal or lateral load to be d9veloped in battered piles 
5. Allowable Axial Stress does not include se~ion loss due to corrosivity 
6. Per "Report of Subsurface Exploration, Bri ge and MSE Retaining Walls, SR 823 Over Portsmouth-Minford Road (SR 139), SCI-82 3-0.00 

Po,tsrnouth Bypos,, Scioto County, Ohio" ;LZ, 2006) 
7. Neglect the upper two feet of the rock sock t. (per DLZ recommendations) 
8. If side resistance of the rock socket is utiliz d (length of socket >5 feet), the design load should be carried entirely by the side resistance, 

ignoring any end bearing. (per DLZ reco~endations) 
9. TBD = to be determined 1 
10. NA =not applicable I 
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7.1.2 Forward Abutment 

• It is recommended that the forward abutment be founded upon steel H piles driven to 
absolute refusal on the underlying bedrock. As allowable axial stress of 12.5 ksi is 
recommended for a Grade 50 H-pile bearing on bedrock. 

• The allowable pile capacities provided in Section 202.2.3.2a of the Bridge Design 
Manual do not include section loss due to corrosion. As corrosivity testing was not 
performed on the potential embankment material, a corrosive environment should be 
assumed, and the pile dimensions should be reduced by 1116 inch when computing the 
area of the pile. 

• Standard pile tip reinforcement is recommended per Section 202.2.3.2.a of the ODOT 
Bridge Design Manual. 

• An average pile length of 56 feet is anticipated based on the encountered subsurface 
conditions at Borings TR-15, and the design elevations presented in Table 5. 

• It is recommended that the steel H-piles be installed through pile windows constructed 
during placement of the approach abutment fill. The pile window should extend 3 feet 
laterally beyond the outer edges of the piles in all directions, with the vertical extent of 
the window from the bottom of the abutment pile cap to the existing ground surface. The 
pile window should be constructed of Type C Granular Material (Item 703.16 of the 
Construction and Material Specifications). 

• The abutment should be designed based on an active earth pressure condition using a unit 
weight of 125 pcf and an angle of internal friction of 35 degrees plus any surface 
surcharge. To account for traffic loading, a surcharge equivalent to 2 feet of soil (y = 120 
pcf) should be applied. Please note that no hydrostatic pressure has been included in the 
recommended design earth pressure. As such, drainage provisions for the abutment 
should be provided. 

7.1.3 Pier 1 

It is recommended that drilled shafts be used to support Pier 1 as a drilled shaft foundation may 
be more cost effective than a spread footing given that the approach embankments will be in­
place prior to the construction of the substructure units. For a drilled shaft foundation, a smaller 
footprint with less excavation is anticipated as the pier cap is expected to be smaller than a spread 
footing and the bottom of the cap would likely be located within the overburden, rather than at the 
top of rock. Please note that as a cost analysis of the foundation alternatives were not performed 
as part of this geotechnical study, recommendations for both drilled shafts and spread footings are 
provided should spread footings prove to be more economical. 

Drilled Shafts 
• Design recommendations for drilled shafts are located in Table 5 and in the "Report of 

Subsurface Exploration, Bridge and MSE Retaining Walls, SR 823 Over Portsmouth­
Minford Road (SR 139), SCI-823-0.00, Portsmouth Bypass, Scioto County, Ohio" (DLZ, 
2006). It should be noted that deeper rock sockets (> 5 ft) can be utilized if adequate 
capacity cannot be developed through end bearing; however, the drilled shafts should be 
designed such that the loads are carried entirely by side resistance of the rock socket and 
any end bearing ignored. 

Spread Footings Bearing on Rock 
• A bottom of footing elevation of 623.3 is recommended based on the subsurface 

conditions encountered at Borings TR-18 and TR-19. 
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• The footings should be designed using an allowable bearing capacity of 35 tsf and a 
friction factor of 0. 7 for cast-in-place footings on bedrock. 

• Due to the potential for variations in the top of bedrock beneath the footing from that 
encountered at Borings TR -18 and TR -19, provisions should be included in the 
construction plans for overexcavation and backfill with Class C concrete. If unacceptable 
bearing material is encountered at or below the proposed bottom of footing, the 
unacceptable materials should be removed to the top of rock, and the minimum bottom of 
footing reestablished using Class C concrete. Any overexcavation should be stepped and 
have a level bottom. 

• As the approach embankment will be placed prior to construction of the substructure 
units, an excavation of approximately 21 feet will be required to construct the footing. 
As such, the footing excavation for Pier 1 will require temporary shoring, particularly on 
the upslope side of the excavation. 

7.1.4 Pier2 

The use of drilled shafts is recommended for Pier 2 due to the close proximity of the bridge piers 
to Long Run Creek. A smaller footprint with less excavation is anticipated for a drilled shaft 
foundation as compared to a spread footing, possibly eliminating the need for construction of a 
temporary cofferdam within the creek. However, a cost analysis of the foundation alternatives 
was not performed as part of this geotechnical study, and recommendations for both drilled shafts 
and spread footings are provided should spread footings prove to be more economical. 

Drilled Shafts 
• Design recommendations for drilled shafts are located in Table 5 and in the "Report of 

Subsurface Exploration, Bridge and MSE Retaining Walls, SR 823 Ov~r Portsmouth­
Minford Road (SR 139), SCI-823-0. 00, Portsmouth Bypass, Scioto County, Ohio" (DLZ, 
2006). It should be noted that deeper rock sockets (> 5 ft) can be utilized if adequate 
capacity cannot be developed through end bearing; however, the drilled shafts should be 
designed such that the loads are carried entirely by the socket resistance and any end 
bearing ignored. 

Spread Footings Bearing on Rock 
• A bottom of footing elevation of 622.7 is recommended based on the subsurface 

____ ,conditions_encounterecLatRorings_B.._U,-lh12ancl.IRJ._1. 
• The footings should be designed using an allowable bearing capacity of 35 tsf and a 

friction factor of0.7 for cast-in-place footings on bedrock. 
• Due to the potential for variations in the top of bedrock beneath the footing from that 

encountered at Borings B-11, B-12 and TR-17 , provisions should be included in the 
construction plans for overexcavation and backfill with Class C concrete. If unacceptable 
bearing material is encountered at or below the proposed bottom of footing, the 
unacceptable materials should be removed to the top of rock, and the minimum bottom of 
footing reestablished using Class C concrete. Any overexcavation should be stepped and 
have a level bottom. 

7.1.5 Pier 3 

Since the approach embankments will be in-place prior to the construction of the substructure 
units, it is recommended that drilled shafts be used to support Pier 3 as a drilled shaft foundation 
may be more cost effective due to the additional shoring and excavation costs associated with a 
spread footing. Recommendations for both drilled shafts and spread footing are provided should 
spread footings prove to be more economical. 
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Drilled Shafts 
• Design recommendations for drilled shafts are located in Table 5 and in the "Report of 

Subsurface Exploration, Bridge and MSE Retaining Walls, SR 823 Over Portsmouth­
Minford Road (SR 139), SCI-823-0.00, Portsmouth Bypass, Scioto County, Ohio" (DLZ, 
2006). It should be noted that deeper rock sockets (> 5 ft) can be utilized if adequate 
capacity cannot be developed through end bearing; however, the drilled shafts should be 
designed such that the loads are carried entirely by the socket resistance and any end 
bearing ignored. 

Spread Footings Bearing on Rock 
• A bottom of footing elevation of 623.0 is recommended based on the subsurface 

conditions encountered at Borings B-10 and TR-16. 
• The footings should be designed using an allowable bearing capacity of 35 tsf and a 

friction factor of0.7 for cast-in-place footings on bedrock. 
• Due to the potential for variations in the top of bedrock beneath the footing from that 

encountered at Borings B-10 and TR-16, provisions should be included in the 
construction plans for overexcavation and backfill with Class C concrete. If unacceptable 
bearing material is encountered at or below the proposed bottom of footing, the 
unacceptable materials should be removed to the top of rock, and the minimum bottom of 
footing reestablished using Class C concrete. Any overexcavation should be stepped and 
have a level bottom. 

• As the approach embankment will be placed prior to construction of the substructure 
units, an excavation of approximately 13 feet will be required to place the bottom of 
footing at a consistent elevation. As such, the footing excavation for Pier 1 may require 
temporary shoring, particularly on the upslope side of the excavation. 

7.1.6 Temporary Construction Issues for Excavations 

All temporary excavations at the site should comply with the requirements of OSHA 29 CPR, 
part 1926, Subpart P, "Excavations and Trenches" and other applicable codes. The excavations 
are anticipated to encounter natural silts and sands, as well as newly placed embankment fill. 
Temporary slopes should be observed daily for signs of distress as exposure to the environment 
may weaken the soils should the excavations remain open for extended periods of time. 

7 .1. 7 Groundwater Considerations 

Based on review of the geotechnical recommendations provided in the "Report of Subsurface 
Exploration, Bridge and MSE Retaining Walls, SR 823 Over Portsmouth-Minford Road (SR 139), 
SCI-823-0.00 Portsmouth Bypass, Scioto County, Ohio" (DLZ, 2006), seepage was noted 
between approximate El. 624.5 and El. 626 at borings TR-15, TR-16 and TR-17, with no 
measurable water levels in the borings prior to rock coring. Based on experience, groundwater is 
likely to be encountered near the top of rock with some variation expected due to seasonal 
variations in the amount of rainfall, runoff and other factors not evident at the time the borings 
were completed. In addition, groundwater is expected to vary with the water level within nearby 
Long Run Creek. As such, the Contractor should anticipate that the pier foundation excavations 
will likely require dewatering. Any excavations near Long Run Creek should also be protected 
from stream and storm water flow. 

7.2 Approach Embankments 
The approach embankments at both the Forward and Rear Abutments should be constructed in 
accordance with the recommendations provided in the "Report of Subsurface Investigation, 
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Embankments (Station 416+00 to 509+50), Project SCI-823-6.81, Phase ]-Stage I, Scioto 
County, Ohio" (DLZ, 2006) with the following exceptions. 

• It is recommended that the approach embankments be constructed of durable rock fill in 
order to limit settlement at the bridge approaches and potentially reduce the quarantine 
period for the embankments. The durable rock fill should extend a distance of six times 
the height of the fill (at the abutment) from the abutment location. The rock fill should be 
placed in accordance with Item 203 of the Construction and Materials Specifications. 

• It is recommended that the rear approach embankment incorporate an embankment toe 
key and special benching in accordance with ODOT's Office of Geotechnical 
Engineering "Geotechnical Bulletin GB2 - Special Benching and Sidehi!l Embankment 
Fills". 
o The recommended shear key should be constructed of durable rock fill and extend 

completely through the foundation soils to the top of bedrock. The base of the shear 
key should be a minimum of 8 feet in width, with the front and back slopes of the key 
constructed at 1 H: 1 V. 

o Special benching of the rear approach embankment will be required as the existing 
hillside is steeper than 4H: 1 V. Per GB2, the special benching is shown on the cross­
sections in the project plans, and is performed in addition to, and in place of, standard 
specification benching (Item 203.05). In addition, Plan Note GllO from the ODOT 
Location and Design Manual, Volume 3 needs to be included in the General Notes. 

• It is currently anticipated that the approach embankments will be in-place prior to the 
start of construction of the proposed bridge structure. However, to ensure that settlement 
of the embankment fill and underlying soils has progressed sufficiently to avoid the 
effects of downdrag on the pile supported abutments, it is recommended that the 
embankments be quarantined and monitored for approximately 60 days after construction 
of the embankment fill is complete or prior to the start of pile driving for the abutments. 
A settlement monitoring program is recommended to establish the time-settlement 
characteristics of the embankment fill and underlying foundation soils. The 
recommended locations of the surface monuments are given in Table 4. If the data 
collected during the quarantine period shows negligible settlement at a time less than the 
recommended 60 days, than the quarantine period may be shortened at the direction of 
the District. Conversely, if the data shows settlement to be continuing at a magnitude or 
rate deemed unacceptable by the District at the end of the 60 day period, the quarantine 

~---------cp=-=ec:::n:OClSllould be extendeo as appropnate. 

8.0 LIMITATIONS 
This report documents the fmdings and conclusions of HDR Engineering, Inc., for the 
geotechnical aspects related to the design of the proposed Bridge No. SCI-823-0917L SR 823 
over Portsmouth-Minford Road (S.R. 139), in Scioto County, Ohio. The report has been prepared 
for the use of the Ohio Department of Transportation for specific application to the project, in 
accordance with generally accepted engineering practice and the parameters established by others 
from previous project geotechnical studies. No warranty, expressed or implied, is made. Any 
analyses or recommendations submitted are based on field explorations performed at the locations 
indicated, on specific laboratory tests on individual samples taken during the investigation, and 
information obtained from outside sources. The report and analyses do not reflect variations that 
could occur between borings 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 the 
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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REPORT 
OF 

SUBSURFACE EXPLORATION 
FOR 

BRIDGE AND MSE RETAINING WALLS 
SR 823 OVER PORTSMOUTH -MINFORD ROAD 

SCI-823-0.00 PORTSMOUTH BYPASS 
SCIOTO COUNTY, OHIO 

1.0 INTRODUCTION 

This report includes the findings of evaluations of foundations and mechanically stabilized earth 
(MSE) retaining walls for the structure at the above-referenced location of the project. The 
findings included in this report pertain to the structure at the intersection of the proposed SR 823 
and Portsmouth - Minford Road only. The findings of other structure evaluations will be 
submitted in separate documents. 

The project consists in part of placing two structures for the proposed SR 823 over Portsmouth -
Minford Road (SR 139). The two structures as planned, are two-span structures using MSE 
walls to hold back the roadway embankments and contain the abutments. 

The purpose of this exploration was to 1) determine the subsurface conditions to the depths of 
the borings, 2) evaluate the engineering characteristics of the subsurface materials, and 3) 
provide information to assist in the design of the structure foundations, MSE walls, and the 
roadway embankments. The exploration presented in this report was performed essentially in 
accordance with DLZ Ohio, Inc.'s (DLZ) proposal for the project. 

The geotechnical engineer has planned and supervised the performance of the geotechnical 
engineering services, considered the findings, and prepared this report in accordance with 
generaHy-aeeepted-ge0teelmieaJ-wgin€€1-ing-pi"actices.-No-oth~. either expressed or 
implied, are made as to the professional advice included in this report. 

2.0 GENERAL PROJECT INFORMATION 

It is understood that the plan location ·of the bridge structure for proposed SR 823 over 
Portsmouth - Minford Road (SR 139) has not changed from the approved location, as shown on 
the Plan and Profile drawing in Appendix I. It is understood that MSE walls will be placed at 
approximate stations 483+97 and 486+ 15 to contain the abutments and hold back the roadway 
embankment for proposed SR 823. Furthermore, it is understood that pile foundations will be 
used to support the abutments of the proposed structures. 

Based upon the structure plan and profile drawing, it is assumed that the maximum height of the 
embankment at stations 483+97 (Rear Abutment) and 486+ 15 (Forward Abutment) will be 
approximately 65 and 61 feet, respectively. Those heights are based upon the maximum 
difference between the proposed grade and the approximate existing grade along the Portsmouth 
-Minford Road (SR 139). 

1 
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The analyses and recommendations presented in this report have been made on the basis of the 
foregoing information. If the proposed locations or structural concept are changed or differ from 
that assumed, DLZ should be informed of the changes so that recommendations and conclusions 
presented in this report may be revised as necessary. 

3.0 FIELD EXPLORATION 

The field exploration consisted in part of three final and five preliminary structural borings. 
Borings B-10 through B-12 were drilled for the final bridge plan, essentially consisting of 
proposed SR 823 passing over the Portsmouth - Minford Road (SR 139). The borings were 
drilled between June 20 and 28, 2006. Preliminary structural borings (TR-15 through TR-19) 
were drilled for a previous design configuration. The preliminary borings were drilled between 
July 9, 2004 and February 23, 2005. A boring plan is presented in Appendix I. Boring logs for 
borings TR-15 through TR-19, and B-10 through B-12 are presented in Appendix II. 
Information concerning the drilling procedures is also presented in Appendix II. 

The boring locations were determined by representatives of DLZ. The surveyed locations and 
ground surface elevations of the borings were determined by representatives from Lockwood, 
Lanier, Mathias & Noland, Inc. (2LMN). 

4.0 FINDINGS 

4.1 Geology of the Site 

The area of this structure is characterized by gently sloping to steeply sloping 
topography. The project area is located in the Shawnee-Mississippian Plateau of the 
unglaciated portion of the Appalachian Plateau Physiographic Region. The Shawnee­
Mississippian Plateau is characterized by Devonian aged to Pennsylvanian aged rocks 

~~~-~~-- and contains residual colluvial, glacial, alluvial, and lacustrine soils. 

The genesis of the soils varies across the site. Soils at the rear abutment location are 
composed primarily of residual and colluvial soils. These soils are generally thin, 
covering moderate to steep slopes. At the forward abutment residual and colluvial soils 
were also encountered. Lacustrine soils have also been encountered on this project. 
However, no lacustrine soils were encountered in borings near this proposed structure. 
Bedrock within the structure area is primarily sandstone of the Logan Formation of 
Mississippian age. Bedrock of the Pennsylvanian Breathitt Formation can be found at the 
top of the slopes to the north and south of the structures roughly above elevation 880. In 
the area of the structure, the bedrock was covered by a relatively thin soil overburden 
ranging in thickness between 4.0 and 9.2 feet. 

4.2 Subsurface Conditions 

The following sections present the generalized subsurface conditions encountered by the 
borings. For more detailed information, refer to the boring logs presented in Appendix II. 
Laboratory test results are presented on the boring logs and also in Appendix III. 
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4.2.1 Soil Conditions 

The results of this investigation indicated that soil conditions at the site were 
somewhat uniform. In general, the subsoil stratigraphy consisted of shallow 
surficial materials consisting of topsoil underlain by native cohesive and granular 
soil deposits and sandstone. 

Borings TR-15, TR-16, and B-10 were drilled for the west abutment. Borings 
TR-18 and TR-19 were drilled for the east abutment, while borings TR-17, B-11, 
and B-12 were drilled for the piers. Borings TR-16, TR-18, TR-19, and B-10 
through B-12 are considered most representative of the soil and bedrock in the 
area of the proposed structures. However, borings TR-15 and TR-17 are included 
for informational purposes. 

All borings except boring TR-16 encountered surficial material consisting of 2 to 
12 inches of topsoil. Boring TR-16 encountered native soil at the ground surface 
level. All borings encountered native cohesive and granular soil deposits below 
the surficial material or the ground surface. The cohesive deposits consisted 
mainly of medium stiff to very stiff sandy silt (A-4a) and medium stiff to stiff silt 
(A-4b), while the granular soil deposits consisted mainly of loose to medium 
dense gravel with sand (A-2-4), loose to very dense sandy silt (A-4a), and 
medium dense silt (A-4b). The native soil deposits extended to an approximate 
depth ranging between 4.0 and 9.2 feet below the ground surface where bedrock 
was encountered. 

4.2.2 · Bedrock Conditions 

In the area of the proposed structure, bedrock was encountered in all borings. The 
bedrock consisted mainly-of-medittm-haitl-te--hard, sligh~·t-:• ..,..sl~ig~h'-"t"-.;ly'-t~o~----­
moderately fractured sandstone. The amount of rock recovered in each core run 
varied between 78 and 100 percent with an average of 95 percent. The rock 
quality designation (RQD) of the bedrock ranged between 57 and 97 percent with 
an average of 80 percent indicating good rock. 

Unconfined compressive strength of tested cores ranged between 9,709 and 
11,829 pounds per square inch. The tested cores correspond to samples at depths 
between 13.0 feet and 25.0 feet below the ground surface. A summary of the 
unconfined compressive strength of the tested cores is shown in Table 1. 

Table 1-U fined C St th Results 

Boring Depth (ft) Unconfined Compressive 
Strength (psi) 

B-10 16.5-17.0 10,393 
B-11 13.5-14.0 10,537 
B-12 24.5-25.0 9,709 
B-12 13.0-13.5 11,829 

-
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4.2.3 Groundwater Conditions 

Seepage was encountered only in borings TR-15, TR-16, and TR-17 between 
approximate depths of 6.0 and 7.0 feet. There were no measurable water levels in 
the borings prior to rock coring. Water was used during rock coring and masked 
any seepage zones that might exist in the rock. Measurable water levels were 
present in all test borings except borings B-11 and TR-15 upon the completion of 
coring between approximate depths of 1.6 and 28.5 feet. 

It should be noted that groundwater levels may fluctuate with seasonal variations 
and following periods of heavy or prolonged precipitation, and therefore, the 
readings indicated on the boring logs may not be representative of the long-term 
groundwater level. Long-tenn monitoring would be needed to obtain a more 
accurate estimate of the groundwater table elevation. 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

It is anticipated that the existing bridge will be constructed as described in Sections 1 and 2 of 
this report. It is understood through comments from ODOT's Office of Structural Engineering 
that pipe piles will be used to support the abutments. The use of drilled shafts and spread 
footings has also been considered to support the abutments. In addition, to support the piers, 
spread footings and drilled shafts bearing on rock have been evaluated. Furthennore, the site is 
well suited for the use of MSE walls to contain the abutments and hold back the roadway 
embankment. Recommendations for the piles, drilled· shafts, spread footings, and MSE walls are 
presented in the following sections. 

5.1 Bridge Foundation Recommendations 

5.1.1 Rear and Forward Abutments 

It is understood. through comments from the ODOT Office of Structural 
Engineering (OSE) that pipe piles are to be used to support the abutments. It is 
understood that the abutments will be supported by steel pipe piles placed in 
prebored holes 12 inches larger than the diameter of the pile and 5 feet deep into 
bedrock. After installing the steel pipe pile in the prebored hole, grout or cement 
should be placed in the void area around the pile in the prebored hole prior to 
constructing the embankment granular fill (per OSE). Therefore, a pile sleeve 
may not be required for the installation of the piles. However, consideration 
should be given to the use of pile sleeves to mitigate down drag effects from 
compaction and to protect the pile during the embankment and MSE wall 
construction. The allowable pile capacity as per ODOT BDM 202.2.3.2.b may be 
utilized in this configuration. Excessive lateral loading and uplift is not 
anticipated to be a concern at this site. However, if these forces are determined to 
be significant, longer socket lengths may be required. 
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Due to the relatively small rigidity of the steel pipe piles compared to drilled 
shafts, the steel pipe piles are anticipated to provide low lateral resistance to 
lateral earth pressures that can be induced in high embankment fills such as those 
at the proposed structure. Therefore, the prebored and socketed steel pipe piles 
foundation system may be a concern if significant lateral loads are present. 

As mentioned above, drilled shafts have also been considered for the support of 
the abutments. Due to the large amount of embankment fill, it appears that drilled 
shafts socketed a minimum of 5 feet into competent rock will be well suited for 
the support of the proposed structural abutments. The drilled shafts should be 
straight (not belled) and may be designed based on an allowable bearing pressure 
of 80 ksf ( 40 tsf). 

It is recommended that skin friction in the overburden soil/fill and shallow rock 
socket be neglected. The bearing surface should be clean and free of loose 
material and water prior to placement of concrete. The drilled center-to-center 
spacing of drilled shafts should generally be no less than 2.5 times their diameter. 
A qualified representative or the Geotechnical Engineer should field verify that 
the drilled shafts are founded on competent bearing materials and the installation 
procedures meet specifications. 

If adequate capacity cannot be developed with reasonable shaft diameter, 
consideration should be given to the use of deeper rock sockets. Neglecting the 
upper two feet of the socket, allowable sidewall shear stress/adhesion of 7,500 
pounds per square foot may be used. If deeper sockets are used, the shafts should 
be designed such that design loads are carried entirely by the socket resistance 
ignoring any end bearing. 

Precautions should be taken to permit the shafts to be drilled and the concrete 
placed under relatively dry conmtions. Sume-horings--did-ene()ufiter-s-igni-fiGan~.----------­
seepage at this site. Water could flow into the drilled shafts during installation, 
particularly below the stream level and within wet zones that may be present in 
the rock or soil. It should be anticipated that materials across the site could vary 
considerably and temporary casing will be required during the drilling and 
concrete placement to seal out water seepage in the overburden and prevent cave-
in. During simultaneous concrete placement and casing removal operations, 
sufficient concrete should be maintained inside the casing to offset the hydrostatic 
head of any groundwater. Extreme care must be exercised during concrete 
placement and removal of the casing so that soil intrusion is avoided. 

Spread footings bearing in the MSE wall fill may also be considered to support 
the abutments. As per the Bridge Design Manual (BDM) 204.6.2.1 an allowable 
bearing capacity of 4 ksf may be used to design the footings. The MSE walls as 
proposed will be founded on or near bedrock. As such, the anticipated 
settlements of spread footings bearing on the fill are anticipated negligible. 
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5.1.2 Piers 

Spread footings can be constructed on the rock encountered by the borings to 
support the piers. Competent bedrock was generally encountered within two to 
three feet of the soil-rock interface. Spread footings bearing on competent 
bedrock may be designed using an allowable bearing capacity of 80 ksf (40 tsf). 

Currently, lateral loading and uplift is not anticipated to be a concern at this site. 
However, if spread footings cannot be used at the piers, drilled shafts may be 
considered to support the piers. If drilled shafts are used to support the 
foundation of the piers, a minimum of 5-foot deep socket into competent rock is 
required. The drilled shafts should be straight (not belled) and may be designed 
based on an allowable bearing pressure of 80 ksf (40 tsf). 

It is recommended that skin friction in the overburden soil/fill and shallow rock 
socket be neglected. The bearing surface should be clean and free of loose 
material and water prior to placement of concrete. The drilled center-to-center 
spacing of drilled shafts should generally be no less than 2.5 times their diameter. 
A qualified representative or the Geotechnical Engineer should field verify that 
the drilled shafts are founded on competent bearing materials and the installation 
procedures meet specifications. 

If adequate capacity cannot be developed with reasonable shaft diameter, 
consideration should be given to the use of deeper rock sockets. Neglecting the 
upper two feet of the socket, allowable sidewall shear stress/adhesion of 7,500 
pounds per square foot may be used. If deeper sockets are used, the shafts should 
be designed such that design loads are carried entirely by the socket resistance 
ignoring any end bearing. 

PrecautiOns shouJO-belaken to ens-l::lfe--appFGpr-iate-drilled shaft construction 
practices are followed. See Section 5.1.1 for more information. 

Table 2, on the following page summarizes the site conditions and foundation 
recommendations. It should be noted that the bedrock surface varies widely 
across the project area. The approximate bearing elevations presented below 
indicate the elevations at the boring locations only. Variations in the elevation at 
which competent bedrock is encountered should be anticipated. 
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Table 2-S f Foundation R d .. 
---------------------

Existing 
Approximate 

Ground 
Structural Structure 

Surface 
Foundation Bearing 

Element I Boring 
Elevation 

Type Elevation 

(Feet) 
(Feet) 

Left I 
Pipe Piles 618.3* 

633.0 Drilled Shafts 618.3* 
Rear 

TR-19 
Spread Footings MSE Fill** 

Abutment 
Right I 

Pipe Piles 619.0* 
631.3 Drilled Shafts 619.0* 

TR-18 
Spread Footings MSE Fill** 

Left I 
632.7 

Spread Footin_g_s 624.7*** 
B-11 Drilled Shafts 619.7* 

Pier 
Right I Spread Footin_g_s 624.0*** 
B-12 

632.5 
Drilled Shafts 619.0* 

Left I 
Pipe Piles 617.7* 

631.9 Drilled Shafts 617.7* 
Forward 

TR-16 
Spread Footin_gs MSE Fill** 

Abutment 
Right I 

Pipe Piles ~U'/7.Ci 
632.6 Drilled Shafts 617.6* 

B-10 
Spread Footings MSE Fill** 

* Includes 5-foot socket into competent rock. 
** Bearing elevation should be determined by a qualified engineer as the 

foundation alternative is selected. 
*** Assuming competent rock at the soil-rock interface. 

+Pile capacity should confonn to ODOT BDM 202.2.3.2. 
++End bearing capacity only. 

Allowable 
Bearing 
Capacity 

Pile Capacity+ 
80 ksf+ 

4 ksf 
Pile Capacity+ 

80ksf+ 
4 ksf 
80 ksf 

80 ksf+ 
80 ksf 

80ksr 
Pile Capacity+ 

80ksr 
4ksf 

Pile Capacity+ 
80ksr 

4ksf 

5.2 Mechanically Stabilized Earth (MSE) Retaining Wall Recommendations 
It is understood that MSE walls would be used to construct the embankments and contain 

-------tlig__abutments. ecommendations for the MSE wall are presented in the fo11owing 
sections. The MSE wa11 should be constructe pert e recomme ations piesented-in--tlrlli . .------­
report and in conformance with the manufacturer's specifications. 

5.2.1 MSE Walls: General Information 

An MSE retaining wall essentially consists of good quality backfill material with 
layers of metal or plastic reinforcing that are attached to concrete facing panels. 
The MSE wall and associated backfill should be constructed in accordance with 
the specifications of the manufacturer of the MSE wall. 

A global stability analysis and bearing capacity analysis were performed for the 
MSE walls at this bridge location in accordance with ODOT and AASHTO 
guidelines. The MSE walls were also analyzed for sliding and overturning. At 
the time this report was prepared, it was understood that pipe piles socketed into 
bedrock would be used at this site to support the bridge abutments. If the 
foundation type should change, DLZ should be informed so that the analyses may 
be revised as necessary. 
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Calculations for bearing capacity, sliding, and overturning as well as the results of 
the global stability analyses are attached. Other external and internal stability 
analyses are required for the design of an MSE wall, but are considered outside 
the scope of this report. The parameters required to perform the stability analyses 
are presented in Table 3 below. In accordance with ODOT guidelines, a unit 
weight of 120 pcf and a friction angle of 34 degrees were selected for the backfill 
material in the reinforced zone. However, the fill material used to construct the 
roadway embankments is assumed to have a unit weight of 120 pcf and a friction 
angle of 30 degrees. If the embankment fill material or backfill material for the 
reinforcing zone has properties significantly different from these values, DLZ 
should be informed so that the analyses may be revised as necessary. 

Table 3-Soil Parameters Used in MSE Wall Stability Analyses 

Unit Strength Parameters 

Zone Soil Type Weight Undrained Drained 
(pcO c <I> c' <I>' 

Reinforced Fill 
Compacted 120 0 34 0 34 

Granular Fill 
Compacted 

Retained Soil Embankment 120 0 30 0 30 
Fill 

Foundation Soil 
Medium 

(Rear Abutment) 
Dense Sandy 120 0 29 0 29 

Silt 
Foundation Soil Very Soft to 

(Forward Stiff Sandy 120 1000 0 0 29 
Abutment) Silt 

Foundation Soil -Compactect__ 
(Undercut and --34 

,.,. 
~ 

Granular Fill 
JLU u u J 

Replace) 

5.2.2 MSE 'Vall Evaluations and Recommendations 

The MSE wall at the rear abutment (station 483+97) is understood to be 
approximately 65 feet high. The minimum required embedment depth for this 
wall is or 3.0 feet assuming that the wall will be bearing on the native soil 
deposits. 

Borings TR-18 and TR-19 were drilled for the rear abutment location. These 
borings generally encountered cohesionless silt (A-4b) and sandy silt (A-4a) to a 
depth of 7.3 to 8. 7 feet below the ground surface. 

Bearing capacity, stability, and global stability calculations have been performed 
assuming the above parameters. All calculated factors of safety for bearing 
capacity, sliding, overturning, and global stability were above the minimum 
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recommended values. Therefore, it is recommended that the MSE wall at the rear 
abutment be built using a minimum embedment of 3.0 feet. Alternatively, soils 
may be overexcavated to shallow bedrock and replaced with compacted, granular 
fill to the leveling pad elevation. If soft or highly compressible soils are 
encountered while excavating for the leveling pad, these soils should be removed 
and replaced with compacted granular fill. The limits of the "remove and 
replace" area should extend beyond the edge of the MSE wall/select granular 
footprint by the depth of the aggregate base as per ODOT BDM Figure 330. The 
compacted granular fill below the leveling pad should be aggregate base 
conforming to CMS Item 304. In all cases, the thickness of the unreinforced 
concrete leveling pad shall not be Jess than 6 inches conforming to BDM Item 
204. For stability, calculations have indicated that a minimum reinforcement 
length of 0.8H, or 54.8 feet, is required for stability of the proposed MSE wall at 
this location. 

It should be noted that variations in the topography will be encountered within the 
proposed footprint of the proposed MSE wall, causing the bedrock elevation to 
vary. Significant rock excavations may be required to accommodate the 
reinforcing straps for the MSE wall panels. In areas where bedrock is to be 
excavated, compacted granular fill is to be placed on bedrock, and a level bench 
must be cut into the rock to place the fill for stability purposes. 

In addition, the foundation leveling pad of the MSE wall at the rear abutment is in 
close proximity to Long Run Creek, which is running essentially parallel to 
Portsmouth-Minford Road (SR 139). The approximate elevation of bedrock 
under the MSE wall is 624 feet, which is near the bottom of the creek. If scour 
and erosion near the toe of the MSE wall are a concern, then slope protection 
should be provided with riprap. Alternatively, to mitigate the threat of scour the 
MSE wall may be founded on bedrock, which is approximately 9 feet below the 
existing ground surface. 

The MSE wall at the forward abutment (station 486+15) is understood to be 
approximately 61 feet high. The minimum required embedment depth for this 
wall is 3.0 feet. 

Borings B -10 and TR -16 were driiled for the forward abutment. These borings 
generally encountered cohesive silt (A-4b) and sandy silt (A-4a) to a depth of 
approximately 9.0 feet below the ground surface. 

Initial analyses for the MSE wall bearing on natural soils at this location yielded 
inadequate factors of safety for undrained bearing capacity, undrained sliding, and 
undrained global stability. Consequently, it is recommended that the soils 
beneath the proposed MSE wall be overexcavated to bedrock and replaced with 
compacted, granular fill to the leveling pad elevation. The limits of the "remove 
and replace" area should extend beyond the edge of the MSE wall/select granular 
footprint by the depth of the aggregate base as per ODOT BDM Figure 330. The 
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compacted granular fill below the leveling pad should be aggregate base 
conforming to CMS Item 304. In all cases, the thickness of the unreinforced 
concrete leveling pad shall not be less than 6 inches conforming to BDM Item 
204. 

It should be anticipated that variations in the topography may be encountered 
within the footprint of the proposed MSE wall, causing the bedrock elevations to 
vary significantly. In areas where compacted granular fill is to be placed on 
bedrock, a level bench must be cut into the rock to place the fill for stability 
purposes. A minimum reinforcing length of 0.8H, or 51.3 feet, is required for the 
MSE wall at this location. 

Settlement calculations are not necessary for the MSE walls at this site. The MSE 
walls will bear on compacted granular fill or bedrock resulting in negligible 
settlement. 

Calculations for bearing capacity, overturning, and sliding are attached for both 
the native soil and compacted granular fill foundations. A drawing showing the 
results of the global stability analyses is also attached. Tables 4 and 5, on the 
following pages summarize the MSE retaining wall parameters and results of 
analyses. 
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Table 4-MSE Retaining 'Vall Parameters and Analyses Results 
(Rear Abutment) Natural Soilfoundation 

Retained Soil (New Embankment) 
Unit Weight= 120 pcf 

Coefficient of Active Earth Pressure (Ka) = 0.33 
(Based on tP = 30Q) 
Sliding along base of MSE wall 
Sliding Coefficient (J.L)(0.67) =tan 29°(0.67) = 0.37 

Use (f1)(0.67) = 0.35 as a maximum value as per AASHTO, BDM, 303.4.1.1 

Allowable Bearing CaQacity- Undrained Condition 
Qan = 11,126 psf 

Allowable Bearing CaQacity- Drained Condition 
Qan = 11,126 psf 
Global Stability 
Factor of Safety- Undrained Condition = NA (Sandy Silt- Drained Condition) 
Factor of Safety- Drained Condition= 1.9 
Factor of Safety- Seismic Condition = 1.8 

Estimated Settlement of MSE volume 
Total settlement = 0 inches 
Differential settlement= 0 <11100 
Full Height of MSE Wall= 65.5 feet 
Minimum Embedment Depth= 3.0 feet 
Minimum Length of Reinforcement for External Stability= 54.8 feet 
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Table 5-MSE Retaining 'Vall Parameters and Analyses Results 
(Forward Abutment) Comvacted Granular Fill Foundation on Bedrock 

Retained Soil (New Embankment) 
Unit Weight= 120 pcf 

Coefficient of Active Earth Pressure (Ka) = 0.33 
(Based on f/J = 30Q) 
Sliding along base of MSE wall 
Sliding Coefficient (f1)(0.67) = tan 34°(0.67) = 0.45 

Use (f-1)(0.67) = 0.55 as a maximum value as per AASHTO, BDM, 303.4.1.1 

A11owable Bearing CaQacity- Undrained Condition 
qan = 21,873 psf 

Allowable Bearing: CaQacity- Drained Condition 
qan = 21 ,873 psf 
Global Stability (Without undercut) [With "remove and replace", on bedrock] 
Factor of Safety- Undrained Condition= (1.1) [>1.5] 
Factor of Safety- Drained Condition= (1.8) [> 1.5] 
Factor of Safety- Seismic. Condition= (1. 7) [> 1.3] 

Estimated Settlement of MSE volume 
Total settlement = 0 inches 
Differential settlement = 0 < 11100 
Full Height of MSE Wall= 61.1 feet 
Minimum Embedment Depth= 3.0 feet 
Minimun1 J-.e11gth of_ Reinforcement for External Stai)ility = 51.3 feet 

5.3 Groundwater Considerations 

Water seepage was not encountereOilrarry-of-thebe-rifl.gs.---Gr-{>lmd-water was not noted 
prior to adding drill water. Representative final water levels could not be obtained due to 
the use of water during rock coring. Excavation for the pier foundation is expected to be 
limited to seven feet or less. Foundation construction on the rock is expected to 
encounter only minor seepage. Excavations or shafts extending below ground level may 
encounter more significant seepage through fractured zones in the rock. The contractor 
should be prepared to deal with seepage and water flow that may enter any ~xcavations. 

5.4 Anticipated Sequence of Construction 

It is understood through comments from ODOT Office of Structural Engineering (OSE) 
that pipe piles are to be used to support the abutment. It is also understood that MSE 
walls will be used to retain the roadway embankment and contain the abutments. A brief 
outline of the anticipated construction sequence is provided here. This outline is general 
and is in no way inclusive of all of the procedures and precautions required during the 
construction process. The contractor is ultimately responsible for implementing sound 
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construction practices to build the MSE wall and pile foundations as per plan and in 
accordance with ODOT specifications. 
• Drill a 5-foot deep socket for each pile into competent bedrock. 
• Place the pile into socket and grout or cement annular space in the socket. The 

unsupported length of piling shall be determined by the contractor. Stability of the 
unsupported pile must be maintained throughout the construction process. If the full 
length of the pile isn't installed initially, then splices shall be used. 

• Although no appreciable consolidation is anticipated at this site, consideration should 
be given to the use of pile sleeves to mitigate down drag effects from compaction and 
to protect the pile during the embankment and MSE wall construction. 

• Contractor is responsible for controlling the locations of the piles and ensuring that 
the locations conform to the plan location. This may be accomplished through 
bracing or other means. 

• Place layers of select fill and/or MSE reinforcing straps per ODOT specifications and 
the MSE wall supplier's recommendations. 
Splice additional lengths of piling onto "in-place" piles as necessary. 

6.0 CLOSING REMARKS 

We appreciate having the opportunity to be of service to you on this project. Please do not 
hesitate to call if you have any questions concerning our report. 

Respectfully submitted, 

DLZ OHIO, INC. 

~/~ 
Steven J. Riedy 
Geotechnical Engineer 

~:.~~~-
Wael Alkasawneh, P .E. 
Geotechnical Engineer 

Sjf 

M:\proj\0121\3070.03\Stability Analyses\Documents\MSE Wallletters\04 Portsmouth-Minford Road\Final\Portsmouth-Minford Road Structure 
Report 09-26-06 - sjr.doc 
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APPENDIX II 
General Infonnation- Drilling Procedures and Logs of Borings 

Legend- Boring Log Tenninology 
Boring Logs- Nine (9) Borings 



GENERAL INFORMATION 
DRILLING PROCEDURES AND LOGS OF BORINGS 

Drilling and sampling were conducted in accordance with procedures generally recognized 
and accepted as standardized methods of investigation of subsurface conditions 
concerning geotechnical engineering considerations. Borings were drilled with either a 
truck-mounted or A TV-mounted drill rig. 

Drive split-barrel sampling was performed in 1.5 foot increments at intervals not exceeding 
5 feet. In the event the sampler encountered resistance to penetration of 6 inches or less 
after 50 blows of the drop hammer, the sampling increment was discontinued. Standard 
penetration data were recorded and one or more representative samples were preserved 
from each sampling increment. 

In borings where rock was cored, NXM or NQ size diamond coring tools were used. 

In the laboratory all samples were visually classified by a geotechnical engineer. Moisture 
contents of representative fine-grained soil samples were determined. A limited number of 
samples, considered representative of foundation materials present, were selected for 
performance of grain-size analyses and plasticity characteristics tests. The results of these 
tests are shown on the boring logs. 

The boring logs included in the Appendix have been prepared on the basis of the field 
record of drilling and sampling, and the results of the laboratory examination and testing of 
samples. Stratification lines on the boring logs indicating changes in soil stratigraphy 
represent depths of changes approximated by the driller, by sampling effort and recovery, 
and by laboratory test results. Actual depths to changes may differ somewhat from the 
estimated depths, or transitions may occur gradually and not be sharply defined. The 
boring logs presented in th1s reporrtherefore conlain-both-faetttal-aAEI-iAter:pr:e-tativ-e..,__t-1 __ _ 
information and are not an exact copy of the field log. 

Although it is considered that the borings haye disclosed information generally 
representative of site conditions, it should be expected that between borings conditions 
may occur which are not precisely represented by any one of the borings. Soil deposition 
processes and natural geologic forces are such that soil and rock types and conditions may 
change in short vertical intervals and horizontal distances. 

Soil/rock samples will be stored at our laboratory for a period of six months. After this 
period of time, they will be discarded, unless notified to the contrary by the client. 
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LEGEND- BORING LOG TERMINOLOGY 

Explanation of each column, progressing from left to right 

1. Depth (in feet) - refers to distance below the ground surface. 

2. Elevation (in feet)- is referenced to mean sea level, unless otherwise noted. 

3. Standard Penetration (N)- the number of blows required to drive a 2-inch O.D., 1-3/8 inch I.D., split-barrel sampler, using a 140-
pound hammer with a 30-inch free fall. The blows are recorded in 6-inch drive increments. Standard penetration resistance is 
determined from the total number of blows required for one foot of penetration by summing the second and third 6-inch increments 
of an 18-inch drive. 

50/n - indicates number of blows (50) to drive a split-barrel sampler a certain number of inches (n) other than the normal 6-inch 
increment. 

4. The length of the sampler drive is indicated graphically by horizontal lines across the "Standard Penetration" and "Recovery" 
columns. 

5. Sample recovery from each drive is indicated numerically in the column headed "Recovery". 

6. The drive sample location is designated by the heavy vertical bar in the "Sample No., Drive" column. 

7. The length of hydraulically pressed "Undisturbed" samples is indicated graphically by horizontal lines across the "Press" column. 

8. Sample numbers are designated consecutively, increasing in depth. 

9. Soil Description 

a. The following terms are used to describe the relative compactness and consistency of soils: 

Granular Soils -Compactness 

Term 
Very Loose 
Loose 
Medium Dense 
Dense 
Very Dense 

Blows/Foot 
Standard Penetration 

0-4 
4-10 
10-30 
30-50 
over 50 

Cohesive Soils - Consistency--

Term 
Very Soft 
Soft 
Medium Stiff 
Stiff 
Very Stiff 
Hard 

Unconfined 
Compression 

tons/sq.ft. 
less than 0.25 
0.25-0.50 
0.50-1.0 
1.0-2.0 
2.0-4.0 
over 4.0 

Blows/Foot 
Standard 

Penetration 
below 2 
2-4 
4-8 
8-15 
15-30 
over 30 

Hand Manipulation 
Easily penetrated by fist 
Easily penetrated by thumb 
Penetrated by thumb with moderate pressure 
Readily indented by thumb but not penetrated 
Readily indented by thumb nail 
Indented with difficulty by thumb nail 

-------------- 1-----

b. Color - If a soil is a uniform color throughout, the term is single, modified by such adjective as light and dark. If the 
predominant color is shaded by a secondary color, the secondary color precedes the primary color. If two major and distinct 
colors are swirled throughout the soil, the colors are modified by the term "mottled". 

c. Texture is based on the Ohio Department of Transportation Classification System. Soil particle size definitions are as follows: 

Description 

Boulders 
Cobbles 
Gravel -Coarse 

-Fine 

Size 

Larger than 8" 
8" to 3" 
3" to 3.4" 
%"to 2.0mm 

·-- ,.,.. ___ ,o~.;nnc\1 <>n<>nrl nnOT Enolish.doc 

Description 

Sand - Coarse 
-Fine 

Silt 
Clay 

Size 

2.0 mm to 0.42 mm 
0.42 mm to 0.074 mm 
0.074 mm to 0.005 mm 
smaller than 0.005 mm 



d. The main soil component is listed first. The minor components are listed in order of decreasing percentage of particle size. 

e. Modifiers to main soil descriptions are indicated as a percentage by weight of particle sizes. 

trace 0 to 1 0% 
little 10 to 20% 
some 20 to 35% 
"and" 35 to 50% 

f. Moisture content of cohesionless soils (sands and gravels) is described as follows: 

Term 

Dry 
Damp 
Moist 
Wet 

Relative Moisture or Appearance 

No moisture present 
Internal moisture, but none to little surface moisture 
Free water on surface 
Voids filled with free water 

g. The moisture content of cohesive soils (silts and clays) is expressed relative to plastic properties. 

Term 

Dry 
Damp 
Moist 
Wet 

Relative Moisture or Appearance 

Powdery 
Moisture content slightly below plastic limit 
Moisture content above plastic limit but below liquid limit 
Moisture content above liquid limit 

10. Rock Hardness and Rock Quality Designation 

a. The following terms are used to describe the relative hardness of the bedrock. 

Term 

Very Soft 

Soft 

Medium Hard 

Hard 

Description 

Permits denting by moderate pressure of the fingers. Resembles hard soil but has rock 
structure. (Crushes under pressure of fingers and/or thumb) 

Resists denting by fingers, but can be abraded and pierced to shallow depth by a pencil 
point. (Crushes under pressure of pressed hammer) 

Resists pencil point, but can be scratched with a knife blade. (Breaks easily under single 
hammer blow, but with crumbly edges.) 

Can be deformed or broken by light to moderate hammer blows. (Breaks under one or two 
strong hammer blow, but with resistant sharp edges.) 

--------------
Very Hard Can be broken only by heavy anaii'iSorne-rocks-repeated-hammer-blows._ _________ _ 

b. Rock Quality Designation, ROD - This value is expressed in percent and is an indirect measure of rock soundness. It is 
obtained by summing the total length of all core pieces which are at least four inches long, and then dividing this sum by the 
total length of the core run. I 

11. Gradation- when tests are performed, the percentage of each particle size is listed in the appropriate column (defined in Item 9c). 

12. When a test is performed to determine the natural moisture content, liquid limit moisture content, or plastic limit moisture content, 
the moisture content is indicated graphically. 

13. The standard penetration (N) value in blows per foot is indicated graphically. 

-~---'"-·'""~" """"nrl ClOOT Enalish.doc 



DLZ OHIO INC. • 6121IHUNTLEY ROAD, COLUMBUS, OHIO 43229 • (614)888-0040 
9nt: TranSystems, Inc. J Projeqt: SCI-823-0.00 
)G OF: Boring B-10 Sta. 486+01.5, 43.8 1 Rtr of SR 823 CL Location: 

Date Drilled: 06/28/06 
Sample 
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WATER I 
OBSERVATIONS: 'fater seepage at: none 
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~-~23.1 50/2 6 4 

15-
Core 
120" 

Rec 
116' 

RQDIR-1 
87% 

Water Jerel at completion: none (prior to coring) 
6.0' (inside hollowstem augers, 
includes drilling water) 

DESCRIPTION 
I 1\ Topsoil - 3" I 
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*' 
Stiff brown SILT rA-4b), little clay, trace to little fine sand; damp.

1 0 0 10174116 

I 

@ 6.0'-7.5', soft! wet. 

I 
Severely weath~red gray SANDSTONE. 

Medium hard t9 hard gray SANDSTONE; very fine to fine 
grained, moderrtely weathered, argillaceous, laminated to thinly 
bedded, moder tely fractured. 

@ 16.5', qu = 10,393 psi. 
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I Job No. 0121-3070.03 
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mt: TranSvstems, Inc. 
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DLZ OHIO INC. • 6121 ~UNTLEY ROAD, COLUMBUS, OHIO 43229 • (614)888-0040 

1 Projecr: SCI-823-0.00 
Location: Sta. 485+ 19.1, 48.6 ft. l-T of SR 823 CL 

Sample 
No. 

WATER 1 
Hand j OBSERVATIONS: V\jaler seepage at: none 

Penetro- Water le'-1el at completion: not reported Q) meter 
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116" 
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ROD 
97%1R-2 

DY SILT (A-4a), trace clay; damp. 

Medium dense gray SANDY SILT (A-4a) ; damp. (Decomposed 
Rock) 

I 
@ 8.51

, auger reiusal. 

Medium hard to~· ard gray SANDSTONE; very fine to fine 
grained, moder ely weathered, argillaceous, laminated to thinly 
bedded, moder tely fractured. 
@ 8.5' to 1 0.0', ighly fractured to broken. 

@ 13.5', qu = 1$,537 psi. 
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DLZ OHIO INC • 61211 HUNTLEY ROAD, COLUMBUS, OHIO 43229 • (614)888-0040 

T ProjJ;t: SCI-823-0.00 
Location: Sta. 485+04.7, 9.0 ft._~T of SR 823 CL Date Drilled: 6120/06 

Sample 
No. 

WATER I 
Hand j OBSERVATIONS· 

Penetro- · Water seepage at: none 

Water 11vel at completion: none (prior to coring) <ll meter 
(5 (tsf) I 
~ • Point-Load. 
tl) Strength 
~ (psi) a.. 

-~ 
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4.0' (inside hollowstem augers 
includes drilling water) 

DESCRIPTION 

Loose to mediu dense brown SANDY SILT (A-4a), trace clay; 
contains sandstrne fragments; damp. 

I 
Loose to mediuf' dense reddish brown GRAVEL WITH SAND 
AND SILT (A-2- ); contains sandstone fragments; damp. 
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Medium hard tg hard gray SANDSTONE; very fine to fine 
grained, moderftely weathered, argillaceous, laminated to thinly 
bedded, moder tely fractured. 
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I I I I 
I I I I 
I I I I 
I It I 
I I I I 
I I I I 
I I I 1 
I I I I 
I I I I 

I I I I 
I I I I 

I 1 I I 

I I I I 

I I 1 I 



1t: TranSystems, Inc. 
DLZ OHIO INC. • 6121 ~UNTLEY ROAD, COLUMBUS, OHIO 43229 • (614)888-0040 

1-::-:-:-:r 
G OF: Boring TR-15 

Project! SCI-823-0.00 

Sample 
No. 

Location: Sta. 486+83.3, 32.9 ft. Fj\T of SR 823 CL 
WATER I Date Drilled: 7/9/2004 

pth 
ft) 

I.C 

5-

Elev. 
(ft) 

631.3 
"'t>;jl T-

4 

2 

(() 

'­
ll> 
Q.. 

~ 
a§ 

2 

1 

........ 
:§. 

e-
ll> ,. 
a 
() 
QJ 

0:: 

31 14 

1 13 

QJ meter 
Ci (tsf) I 
~ • Point-Load 

Hand I OBSERVATIONS: .wf~er seepag~ at: 6.0' 

Penet<r>- Water '''I' at oomplebor" Nooe 

QJ 

·f: 
a 

"' Strength 
~ (psi) a... DESCRIPTION I 

!\Topsoil- 2" 1 
1.0 Stiff to very stiff b~own SANDY SILT (A-4a), trace gravel; moist. 

2 <0.25 

,nl24~3 ~s~l'a ~ I -8.~23. 
3A 
36 

3.25 

@ 3.5'-5.0', very tft. 
I 

Severely weathe~ed brownish-gray SILTSTONE fragments. 
-

10-

-

Medium hard to ~ard gray SANDSTONE; very fine to fine 
grained, slightly tP. moderately weathered, argillaceous, 
micaceous, mastvely bedded, slightly fractured. 

120' 99" 70% R-1 -
Core Rec ROD @ 8.0~-9.01 , pro~~able core loss. 

I 
-18 13., I J 

. . / Bottom of Boring - 18.01 

20-

-

-

-

-
25-

-
i ~n 

GRADATION 

~1""01""01-o 2' c: ~ c: 
l5, Ull (/) Ull ;,.., 
~ Cj ~ L(l53!c3 
~~~~~~~'~'~ 

T Job No. 0121-3070.03 

STANDARD PENETRATION (N) 

Natural Moisture Content, % - e 
PL LL 

I I I I 
I I I 
I I I 
I I I 

:q 
I I I 

:": 
& ' I 

I I I 
I I I 1 
I I I 

I I I 
I I I 

' I 
I 
I 

I 1 
1 

1 
1 
1 

I 

I 

I 

I I 

Blows per foot - 0 
10 20 30 40 

I I I I 
I 1 I I 
I I I I 

I I I I 
I I I I 
I I I I 
I I 1 I 

I I I I 
I I I I 
I I I I 

I I I I 

1 I I I 

I I I I 
I I I I 

I I I I 
I I I I 

I 1 
I 1 

I I 
I 1 

I 1 
I I 

111*1111 k_l I I I I I I I 

I T-t I I I I I 1 

:::: :~ 
I I I 1 I I I I 

I I I I I' I 1 I I I I 1 I I I I 
I I I I I I I I 

I IiI I I I I 
I I I I I I I I 

I I I I 

I I I I 
I I I I 

I I I I 
I I I I 

I I I I 

I I 1 I 
I I I I 

I I I I 

I I I 1 
I I I I 

I I I I 

I I 1 I 

I I I I 

I I! I 
I I I I 

I I I I I I I I 

I I I I 1 I I I 

I I I I I I I I 

I 1 I I I I I I 

I 1 I I I I I I 

I I 1 I I I I I 
I I I I I I I I 

~II 1111 

I I I I I I I 

1111 1,.1~ 
I I I I 1 00+1\, 
I I I I I I I 
I I I 1 I 1 I 
1·1 I I I I I 

1 I I 1 

I I I I 
I I I I 

I I I I 
I I I I 
I I I 

I I I 1 I I 
I I I I I 1 
I! I I I I 
I I I I I I 

I I I I I I 
! I I 1 I I 

I I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 

1 I I 

I 1 I 

I I I 
I 1 I 
1 I I 

1 I I 

I 1 I 
I 1 I 
I I 1 
I I 1 

I I I I I I I 

1 I I I I I 
I I I I I I I I I 

I 

I I I 
I 

1 

I I I I I I 

I I I I I I 
I I I I I I 

I I I I I I I 

I I I I I I I 
I I I I I I I 

1 I I I I I I 
I I I I I I I 
I I I I I I I 

I I I I I I I 
I I 1 I I I I 

I I I I I I 

I I I I I I 

I I 1 I I I 
I I I I I 1 

I I I I I I 

I 
I 

I I 
.I I 

I I I I 
I I I I 

I I 1 I 
I I I I 

I I I I I I I I 

I I 
I I 
I I 
I 1 

I I 
I I 
I I 

1 I 

I I I I 

I I I I 
I I I I 
I I I I 
I I I I 

I I I I 
I I I I 

I I I I 

I I I I 
I I I I 

I I I I 

I I I I 

I I I I 

I I I I 

I I I I 
I 1 I I 
I I I I 
I I I 1 
I I 1 I 

I I I I 
I I I I 
I I I I 

I I 1 I 

I I I I 
I I I I 

I 
I 
I 

I 
I 

I I 
I I 1 

I 1 1 

I I I 
I I I 
I 1 I 
I I I 
I I I 

1 I I 

I I I 
I I I 

I 

I 
I I 

1 

I 
I 
I 
1 

I I 
I I I I 
I 1 I I 
I I I I 

1 I I I I 

I I I I I 
1 1 I I I 
I I I 1 I 

I I I I I 

I I I I I I 
I I I I I I 

I I I I 

I I I I 

I I I 
I 1 I 

1 I I 

I 
I 
I 
1 

I I 
I I 
I I 
I I 
I I 

I I I I 

I I I I II I I I 
I I I I I I I 1 

I I I I I I I I 
I I I I 

I I I I 

I I I I 
I I I I 

I I I I 

I I I I 

I I I I 
I I I I 



11: TranS_ystems, Inc. 
DLZ OHIO INC. • 6121 HfUNTLEY ROAD, COLUMBUS, OHIO 43229 • (614}888-0040 

I Project.1 SCI-823-0.00 
G OF: Boring TR-16 

Sample 
No. 

I Location: Sta. 486+ 12.4, 32.3 ft. tjr of SR 823 CL Date Drilled: 7/9/04 
WATER 

pth 
rt) 

I.e 

-

-

5-

Elev. 
(ft) 

631.9 
\:1<11.7-' 

2 

4 

Co 
..... 
~ 
~ 
~ 

3 

1 

2 

1 

10 
!'iO/t:; 

~ 
c­
~ a 
t) 

~ 

16 

15 

12 

-~ 
Cl 

2 

3 

Hand 
Penetro-

<ll meter 
6 (tsf) I 
~ • Point-Load' 
~ Strength 
P2 (psi) 
0.. 

1.0 

0.75 

·8.s--j-u23.4 1 I 1.1 I 

10-

15-

Core 
120" 

Rec 
118" 

RQDIR-1 
85% 

OBSERVATIONS: W~ter seepag~ at: 6.0: 
Water level at completion: 6.5 

I 

DESCRIPTION 

!\Topsoil- 2" 
Medium stiff browr SANDY SILT (A-4a); moist. 

@ 6.0' to 7.4', cohtains rock fragments. 

Medium hard to rard gray SANDSTONE; very fine to fine 
grained, slightly yveathered, micaceous, argillaceous, massively 
bedded, slightly fractured. 

+- @ 17.0
1

, contairs few argillaceous laminations. 

-18. 13.4~+--+----fll---t-f-----t------f--:---~:-----~-------l 
1 Bottom of Boring - 18.51 

20-

25-

-
-
-

:'In 

GRADATION 

~ 
rtl "1::1 "1::1 2' c: c: 
5, c7.l c7.l 
~ (j ~ 

-g 
c7.l 
lL [75 

~~~~~~~~~ 

::.., 
..'l:! 
(.,) 

~ 

1 Job No. 0121-3070.03 

STANDARD PENETRATION (N) 

Natural Moisture Content, % - e 
PL LL 

Blows per foot - 0 
10 20 30 40 

I I I I I' I I I I' I I I I' I I I I' I I I I 1 I I I I I I I I I I I I 1 I I I I I 
I I I I I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I 1 ~ I I I I I I 
I I I I I I I 1 .n. ,,1, 
I l;-1' I I I I I 
I I I I I I I I 

~ I, ! : : : : : 
!.QIIlilll 
I I I I I I I l 

; I I I I I I 

I I 1--L_ 
1 I I I I I 
I I 
I I 

I I 
I I 

I I I 1 1 I I 

I I I I I I I 
I I I I I I I 

1 I I I I I I 
I I I I I I I 
I I I I I I I 
I I I 1 I I I 

I I 1 I I 

I I I I I 

I I I 

I I I 

I I I 
I I I 

I I I 
I I I 

I I I 

I I I 

I I I 

I I I 
.._._I 
I l'r 
I I I 

I I I I 
I I I 1 
I I I I 
I I I I 

I I I I 
1 I I 1 
I I I I 

I I 1 I 

I I I 1 
I I I I 

I I I I 
I I I I 
I I I I 

I I I I 
I I I I 

I I 1 I 

I I I 

I I I I I I I I 

I It I I I I I 

I I I I I I I 1 

I I I I I I 1 I 

I I I I I I I I 

I I I I I I 1 I 

I I I I I I I I 
I I I I I I I 

I I I I I I I 

I I I I I I I 

I I I l I I I 

-.l._!,_l I I I I I 
I I I I I I 

: ~ ~ :s~ 
I I I I I I I 

I I I I I I I 
I I I I I I I 
1 I I I I I I 
I I I 1 I I I 

I I I I I I I 1 
~ I I I I I ,I I 
I I I 

I I I 

I I I 
I I I 
I I I 
I I 

I I 
! I 

I 
I 

I 

I 
I I I I I I I I I 

I I I I 
I I I I 
I I I I 

I! I I 

l I I I 
I I I I 

I I I I 
I I I I 
I I I I 

I I I I I I 1 

I I II I I I 1 t I I 
I I I I 
I I 1 I 
I I I I 

I I 
I I 
I I 
I I 
I I 
I I 

I I I 
I I I 
I I I 
I I I 
I I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
1 I I 1 

I I I 
I I I 

I I I 
I I 

I I I I' I I I I I I I I I I 

I I I I I I I 
I I I I I I I 

I I I I I I 
I I I I I ! 
I. I I 1 I I 

I I I I I I 

I I I I I I 
I I I I I 
I I I I I I 
I I 1 I I I 
I I I I I I 
I I I 1 I i 
I I I I I I 
I I I I I I 
I I I 
I I I 

I I I 
I I I 

I I I 
I I I 
I I I 

I I I I 
I I I I 
I I I I 

1 I I I 

1 I I I 
I I I I 
I I I 

I I I I I I I 

I I I I 1 I I 
I I I I I 
I I I I I 
1 I I I I 
I I I I I 
I I I I I 
I I 
I I 
I I 

I I I 

I I I 
I I I 
I I I 

I I I 

I I I 

I I I 

I I I 

I I I 

I I I 

I I I 
I I I 
I I I 
I I I 
I I I 
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I I I I 
I I I I 
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I I I I 
I I I I 
1 I I I 
I I I I 
I I I I 

I I 1 I 
1 I I I 
I I I I 

1 I I I 
I I I I I I I I I I 

I I 1 I I I I I I I 
L I I I I I I I I I I 
I I I I I I I I I I I 

I I I I I I I I I I I I 
1 I 1 I I I I I I I I I 



nt: TranSystems, Inc. T Projec~ SCI-823-0.00 

DLZ OHIO INC. • 6121 HIUNTLEY ROAD, COLUMBUS, OHIO 43229 * (614)888-0040 

Location: Sta. 485+26.9, 24.3 ft. lflT of SR 823 CL G OF: Boring TR-17 
Date Drilled: 2/23/2005 

Sample 
No. Hand 

WATER 
OBSERVA T/ONS: GRADATION 

1pth I E/ev. 
'ft) (ft) 

<o 
'­
Q) 
Q. 

~ 
.2 
Ill 

8 

~ 
c­
~ 

~ 
I ~ 

10 I 18 

3. ~ 

18 

Penetro-
<ll meter 
o (tsf) I 
~ • Point-Load 

Q) 

·E: a 
IJ> Strength 
~ (psi) 

Cl.. 

2 
5-

-5.~26.2-
-6. 25.4~1-;3;----III---.J,,~ 3A I 
·7. 24.7~ 50/5 11 1-kJ 

-

10-
1 

--" 

-
-

15-

-

Core 
120" 

Rec 
120" 

RQOIR-1 
83% 

-17.o---f-e14.7 1 I I I 

20-

-

-

25-

Core 
120" 

Rec 
120" 

RODIR-2 
97% 

W~ter seepage at: 6.3'· 7.0' 

Water lev~! at completion: 1.6' (inside .hollowstem augers, 
includel!l drilling water) 

DESCRIPTION 

1\ Topsoil- 5" 

Medium dense br/bwn SILT (A-4b), little fine to coarse sand, 
trace clay; damp. 

Loose brown GR(\VEL WITH SAND AND SILT (A-2-4); damp. 

Very dense browh SANDY SILT (A-4a); wet. 
Severely weathered qrav SANDSTONE. 

Medium hard br~wn and gray SANDSTONE; fine grained, 
moderately weat ered, slightly micaceous, slightly fractured. 
@ 7.3~-7.4' 1 very soft, highly weathered. 
@ 8.51

, irregular racture. 
@ 8.7', gray. 

@ 16.0
1

, 1" soft,/ weathered zone. 

Hard brown anq gray SANDSTONE; fine grained, slightly 
weathered, sligty micaceous, slightly fractured. 

I 
@ 22.8

1

-23.0
1

, ~ery soft, highly weathered siltstone seam. 
@ 23.01-23.21

, ~iltstone seam. 

--27.+4 ' I I n I I I I Bottom of Boring - 27.0' I 
-

~n 

:,..., 

~les 

"* 't> 't>l't> 0! c c c 
~ <1l (/)"' <1l 
0! (/) (/) 

~0~1.( 
*-1*- * * * * 

T Job No. 0121-3070.03 

STANDARD PENETRATION (N) 

Natural Moisture Content, % - e 
PL LL 

Blows per foot - 0 
10 20 30 40 

I I I 1 I I 1 I 
I I I I 1 I I I 
I I I I I I I 1 
I I I I I I I I 

\Ill tiP 
I I I I I I I 

I I I I I I 
I I I I I I I I 

:: : : :/.: I 

I I I 1 I I I I 

I I I I I 1 I 

II '-.!._ 
I I I I I I I 

I I I I I I I 

I I I I I I I 
I I I I I I I 

I I I I I I I 
It I I I I I 
I I I I I I I 

I I I I I I 
I I I I I I 
I I I I I 1 
I I I I I I 

I I I I I I I I 
I I I 

I I I 
I I I 

I I I 
1 I I I 

I I I I I 
I I 1 I I 
I I I I I 

I I I I I 

I I 1 I I I 
I I 1 I I I 
I I I I I! 

I 1 I I I I 
I I I I I 1 

I I I 

I I I 
I I I I I I I I I 

I I I 
I I I 
I I I 
I I I 

I I! 

I 

I I 
I I 
I I 

I I 
I I 
I I 

I I 

I I 

I I 

I I 

I I 
I I 

I I 1 I 
I I I I 

I I I I 
I I I I 

I 1 I I 
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I I I I 
I I I I 

I 1 I I 
I I I I 

I I I I 
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I I I I 
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I I 
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I I I 
I I I 
I I I 
I I I 

I I I 

I I I 

I I I 
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I I 
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I I I 

I I I 

I I I I 
I I I I 

I I I I 
I I I I 

I I I I 
I I I I 

I I I I 
I I I I 
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I I I I 

I I I I 

I I I I 

I I I I 

I I I I 

I I I I 

I I I I 

I I I I 

I I I I 
I I I I 

I I I I 
I I I I 

I I I I 
I I I I 

I I I I 

I I I I 

I I I I 

I 1 I I I I I I 

-'-.l_l I I I I I 
I I I I I 

Ill It:(~ 
I I I I ""(Uj+,\.._ 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 

I I 1 I I I I 
I I I I I I I 
I I I I I I I 
I I I 

I I I 
I I! 
I I 

I I 

I I 
I I 
I I 
I I 

I I I 

I 

I 
I 

I 

I 
I 

I I I 
I I I 

I I I 
I I I 

I I I 

I I I 
I I I 

I I I I 

1 I 1 I 

I I I I 

I I I I 
I I I I 

I I I I 

I I I I 

IiI I 
I I I I 

I I I I 

I I I I 
1 I I I 
I I I I 
I I I I 
I I I I 

I I I I 

1 I I I 
I I I I 
I I I I 
I I I I 

I I I I 

I I I I 
I I I I 

I I I I I I I I I I I 

I I I I I I I I I I I 
1 I I I 1 I I I 1 1 I 

I I I I 1 I I 1 I I 1 
I 1 I I I I I I I I I I 

1 I I I I I I I I I 

I I I I I I I I I I 
I I I I I I I I I I 

1 I I I I I I I I I 
I I I I I I I I I I 

I I I 1 
I I I I 

I I I I 

I I I I 

I I I I 
1 I I I 

I I I I I I 
1 I I I I I 

I I I I I I 

I I I I I I 

I I I I I I 
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I I I I 1 I 
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ent: TranSystems, Inc. 
1 JobNo. 0121-3070.03 

DLZ OHIO INC. • 6121/HUNTLEY ROAD, COLUMBUS, OHIO 43229 • (614)888-0040 

T Projebt: SCI-823-0.00 
)G OF: Boring TR-18 Location: Sta. 484+38.6, 39.0 ft./ L T of SR 823 CL 

Jepth 
(ft) 

Elev. 
(ft) 

---

Sample 
No. Hand 

Penetro-

WATER 
OBSERVATIONS: 

\fvater seepage at: None 

Date Drilled: 8/17/04 
GRADATION 

Water l~vel at completion: 9.4' (includes drillina water) , <§_ <ll meter . _ _ 

~ c 8 (tsf) I "@. 1? 1? 'g Natural Moisture Content, % -R Ill ...._ • Point-Load ~ ~ ~ ~ ::-._ PL LL 

STANDARD PENETRATION (N) 

• ~ ~ <ll "' Strength 8: · · · 0.::: .!l1 0 ~ ~ ·f: ~ (psi) DESCRIPTION oq;: (.) ~ ~ ~ ~ Blows per foot -0 631.3 ca o: a o.. <f. <f. <f. ~ ~ ~ 10 20 30 40 

Topsoil - 12" I 11 11 11 11 11 11 1 11 1 11 11 

1 t>--,1-a• '>. I I I I I I I I I I I I I I I I I I I I - .v I v30.v 2 M . . f L A ) 1. , . 11 11 11 11 11 11 11 11 1 11 1 

_ 
3 1 ed1u~ st1f br;n Sl ~ ( -4b , 1ttle clay, little fine to coarse 13 7 __ 9 58 13 

: : 1 ~ : : : : ~: : : : : : : : : : 

__3 18 sand, little grav I; contams roots; dry to damp. I ~n~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

n--l....a• t ~ I 1Y1 I I I I I I I I I I I I I I I I -3.v J v2B.v , , 1 1 I 1 1 I 1 I ' I I I I I I I I I I I 

_ 
3 

Loose brown SJ NDY SILT (A-4a), little clay, trace to little : : :1: 1 : : : : : : : : : : 1 1 1 1 .: 

4 2 gravel; damp, 0 3 -- 40 45 12 1 1 

16
1 .I 1 I 1 1 I I I I f)JQr P,I~~~IP 

5- 4 18 1 I I I I I I I I I I I I I I I I I I 
'.... Ill j->111 1111 1111 1111 

- I II IJ II -:-1- : ~ II II II 11 
I I I I 1-a-r. I I I I I I I I I I I I 

6 I I I .. II I I I II I 1-t._<,l~! I' - 7 12 3 1 11 20 -- 28 31 1 0 1 , , ,..~ , 1 , , , , , , , r;ror las~ -7.3·-+·624 <:/"\/") I I I I I I I I I I I I I SO+t\ 
_ .v Hard gray SANIDSTONE; very fine to fine grained, slightly : : : : : : : : : : : : : , , : 

weathered, argi laceous, micaceous, slightly to moderately : : : : : : : : : : : : : : : : 
- f t d 1 I I I I I I I I I I I I I I I rae ure . 

1 
, , , , I , , , , 1 , , , , , 

10- @ 7.3
1

-7.6', broken. : : :: : : : : : : : : : : : 
_ Cor.e Rec ROD R-1 @ 7.3'-7.81 ,8.0'18.6~-8.81 , brown, rust-stained fractures. • • • • 

1 

• • • • ' ' ' ' ' ' 

- 84 84" 88°/o 1 1 1 I I I I I I I I ! I I I I 1 

I I I I I I I I I I I I I I I 
- I II Ill Ill til 1111 @ 7.3'-7.8

1

, ve1ical fracture. , , , , 1 , , , , 1 , , 1 1 1 1 

I I I I I I I I I I I 1 I I I 1 
- I II II I II 1111 1111 I I I I I I I I I I I I I I I I 

- '" IJ 111111111 

I 1 I I I I I I I I I I I 
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DL.Z OHIO INC. • 6121 JlUNTLEY ROAD, COLUMBUS, OHIO 43229 • (614)888-0040 
1t: TranSystems, Inc. I Project.] SCI-823-0.00 r Job No. 0121-3070.03 3 OF: Boring TR-19 Location: Sta. 483+69.8, 46.5 ft. ~T of SR 823 CL Date Drilled: B/16/04 

pth I Elev. 
t) {h) 

f 

Sample 
No. Hand 

Penetro-

8/17/04 
WATER 

OBSERVATIONS: Wtter seepage at: None 

to 
GRADATION 

~ C> 8 (tsf) I ~ 'g 'g 'g Natural Moisture Content, % - e 
Q. Q) ....._ • Point-Load ~ DJ Dj '~~ ~ PL LL 

':. Q) meter Water lev~! at completion: 16.3' (Includes drilling water) ~ STANDARD PENETRA T/ON {N) 

~ ~ Q) !I) Strength g · · ~ :'.:: !!! 0 
.!2 al -~ ~ (psi) DESCRIPTION "'( ~ ~ ~ ~ ~ Blows per foot -

0 1633.0 L [!) o: a a.. ~ ~ ~ ~ ~ ~ 10 20 30 40 J 

~: J Topsoil - 12" / 11 11 11 11 , 11 , 11 11 11 11 1 

-
I'\. I I I I I I I I I I I I I I I I I I I I 32. 3 • I I I I I I I 0 I I I I I I I I I I I I 7 

_7 I Med1um d~nse b~t~wn SANDY SILT (A-4a), trace gravel, trace : : : : : , : : : : : : : : : : : : : : 18 
clay; contams san stone fragments; damp. , , 1 , 1n1 1 1 , 1 , 1 , 1 , 1 1 1 , 

1111 ,y,, 1111 1111 1111 

-
-

5-

-8.7-:tu24. 

10--i 

-

15-

-

-

4 
7 

_g_l 18 

4 
5 

61 18 

Core 
108" 

Rec 
108" 

2 

3 

RQDIR-2 
70% 

Me?ium h~rd to ~ard gray SANDSTONE; very fine to fine 
gra:tned, slightly tp moderately weathered, argtllaceous, 
micaceous, massively bedded, slightly fractured. 
@ 9.2'-9.41

, de~9mposed. 
@ 8.8'-9.01

, bro~n. 
@ Lll'-13.3', v real fracture. 

@ 13.9'-14.0', vArtical fracture. 
@ 15.5', unfract~red to slightly fractured. 
@ 14.7'-15.5', brken zone. 

-- @ 15.4' -15.5", cl y filled fracture. 

~'j"' I I ~ II I I Bottom of Boring- 202' I 
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-
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B-11 I 1 I 13.5-14.0 I 1.555 1.866 1.869 1.8l5 4.468 4.468 4.471 4.469 I 2.462 I 0.00668691 491.85 I 162.16 

I 1.863 
I 

1.868 1.868 I 

I 

I 

B-12 I 2 I 24.5-25.0 1.865 1.855 1.861 1.8 62 4.497 4.505 4.487 4.496 2.415 0.0070808 513.72 159.95 

1.865 1.861 1.864 

B-12 1 13.0-13.5 1.867 1.867 1.869 1.E 67 4.615 4.615 4.612 4.614 2.472 0.0073039 490.11 147.94 32.140 

1.866 1.865 1.866 

Engineers * Architects * Scientists 

6121 Huntley Road* Columbus, Ohio* 43229-1003 *Phone: (614) 888-0576 *Fax (614) 888-6415 



PARTICLE SIZE DISTRIBUTION TEST REPORT 
.5 

. Ji E S 
.5 .5 s ~ 0 0 

0 0 0 

~ ~ ~ ~ ~ j 0 " 0 

"' M N -
; ;< .. !11 lt lt ~ 

100 
1 : .-N . ' 

' ' 

: : : 
90 i : 

i 
80 

j : i \ 

~ 
70 : !\ 

0:: w 60 

\ z 
u::: 
!z 50 
w i i 

! I ' (.) 
~ ~ 0:: i w 40 

\ a.. 

30 

' ' ' 20 

rt~~ 

10 ' ' 

0 . ' : 
500 100 1 1 0.1 0.01 0.001 

GRAIN SIZE - mm 

%COBBLES 
%GRAVEL %SAND %FINES 

CRS. FINE CRS. I MEDIUM FINE SILT I CLAY 

0.0 0.0 0.0 o.o I 0.1 10.4 74.1 I 15.4 

SIEVE PERCENT SPEC.* PASS? Soil Descri~tion 
SIZE FINER PERCENT (X= NO) Silty clay 

-

~ -tee:e--
99.9 

#200 89.5 
Atterberg Limits 

PL= 1\ LL- 24 PI= 5 

Coefficients 
o85= o.o618 o60= o.o288 o50= o.o22o 
o30= o.o122 D1s= 010= 
Cu= Cc= 

Classification 
USGS= CL-ML AASHTO= A-4(3) 

Remarks 
Moisture Content= 15.1% 

* (no spedfication provided) 

Sample No.: 1 Source of Sample: B-10 Date: 7/21/06 
Location: Elev./Depth: 1.0 

r.~~DLZ 
Client: TranSystems, Inc. ., .'( ...... 

/~;.~=~;..~\'~ Project: SCJ-823-0.00 
I 

lit··~ 1,· 

i 
~-~\:d,j ""~-"!':!/ 

Project No: 0121-3070.03 Figure 



PARTICLE SIZE DISTRIBUTION TEST REPORT 
.E . s .s .E 
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l ' u : ~ 0:: : : w 40 

\ c... 

30 
: i : j 
: : : \ 

20 
: rt ... :c 

10 

0 .. 
500 100 10 1 0.1 0.01 0.001 

GRAIN SIZE - mm 

%COBBLES 
%GRAVEL %SAND %FINES 

CRS. FINE CRS. I MEDIUM FINE SILT 1 CLAY 

0.0 0.0 0.0 o.o I 0.3 11.4 73.7 I 14.6 

SIEVE PERCENT SPEC! PASS? Soil Descri[!tion 
SIZE FINER PERCENT (X= NO) Lean clay 
#10 J00.0 
#40 99.7 

#200 88.3 
Atterberg Limits 

PL= 18 LL- 26 PI= 8 

Coefficients 
o85= o.o650 o60= o.o295 o50= o.o223 
o30= o.o122 015= 0.0054 D1Q= 
Cu= Cc= 

Classification 
USGS= CL AASHTO= A-4(5) 

Remarks 
Moisture Content= 38.0% 

• (no specification provided) 

Sample No.: 3 Source of Sample: B-10 Date: 7/21/06 
Location: Elev./Depth: 6.0 

III'~~DLZ 
Client: TranSystems, Inc. 

, ".1!-_t :..· 

~~~~~\l Project: SCI-823-0.00 

~~\., ~ "-'~~':1_,., 

Project No: 0121-3070.03 Figure 



PARTICLE SIZE DISTRIBUTION TEST REPORT 
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. .E .E .s; s s .E ~ 0 0 
0 0 0 

.s !!:!: C! I!' .. ; Iii 0 .. 0 

"' "' N - - "' - "' ;: ¥1 ;; :It ~ 
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: i : i i : 
: : 
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0 ' ' ' ' I 
500 100 10 1 0.1 0.01 0.001 

GRAIN SIZE - mm 

%COBBLES 
%GRAVEL %SAND %FINES 

CRS. FINE CRS. I MEDIUM I FINE SILT I CLAY 

0.0 0.0 0.0 o.t I 0.9 I 16.8 82.2 

SIEVE PERCENT SPEC.* PASS? Soil Descri(;!tion 
SIZE FINER PERCENT (X=NO) Silt with sand 

~--

100.0 #ra 99.9 
#20 99.8 
#30 99.6 Atterberg Limits 
#40 99.0 

PL= N~ LL= NP PI= NP #50 96.9 
#60 95.0 Coefficients 

#100 89.4 o85= o.0986 D5o= Dso= #200 82.2 
D3o= D1s= D1o= 
Cu= Cc= 

Classification 
USCS= ML AASHTO= A-4(0) 

Remarks 
Moisture Content= 13.8% 

• (no specification provided) 

Sample No.: I Source of Sample: B-11 Date: 07/12/06 
Location: Elev./Depth: 1.0 

~·~· LZ Client: TranSystems, Inc. 

I 
~·)-:.-....;,"'~~ 

;J~~~~. t..r~~'Ji) D Project: SCI-823-0.00 

1)-~~.:rj ~~~ . .:t/' 

Project No: 0121-3070.03 Figure 



PARTICLE SIZE DISTRIBUTION TEST REPORT 
.5 .: ~ £ • 1:! 8 ~ E ~ .5 --:- c - 1:! 1!1 ~ 
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0 
500 100 1 1 0.1 0.01 0.001 

GRAIN SIZE- mm 

%COBBLES 
%GRAVEL %SAND %FINES 

CRS. FINE CRS. I MEDIUM FINE SILT j CLAY _I 

0.0 0.0 I 0.0 o.o I "0.4 7.9 91.7 I 

SIEVE PERCENT SPEC.* PASS? Soil Descri~tion 
SIZE__ FINER PERCENT (X= NO) Silt 
#10 100.0 
#20 99.9 

. 
#30 99.9 
#40 99.6 Atterberg Limits 
#50 99.1 PL= NP LL= NP PI= NP 
#60 98.7 

#100 96.7 Coefficients 
#200 91.7 

Ds5= D5o= D5o= 
D3o= 015= D1Q= 
Cu= Cc= 

Classification 
USCS= ML AASHTO= A-4(0) 

Remarks 
Moisture Content= 17.0% 

• (no specification provided) 

Sample No.: I Source of Sample: B-12 Date: 07/12/06 
Location: E lev ./Depth: 1.0 

~~~DLZ 
Client: TranSystems, Inc. 

"I .t~ ...... 
(«i-~~~\ll Project: SCI-823-0.00 
\\~~\.~~ 
~~~'~' 

Project No: 0121-3070.03 Figure 



MSE Sto.billty Ano.lysis 
TR-18 8. TR-19 Profile 
823 over PortsMouth-~nford 
Roo.d <Reo.r AbutMent> 
Sto.. 483+97 
H=65.5' Full Height 
EMbedMent D=3.0' 
L=<H+ m•0.8=54.8' 

Mnterlo.l 
Mo.terlo.l 
Mo.terlo.l 
MClterlo.l 
MClterlo.l 

MSE W'o.ll / 

-----.-- - -

Conslstenc 
CoMco.cted 
CoMoo.cted 
MediuM Den!>e 
Ho.rd 

CD 

oroj\0121\3070.03\Siabillty Analyses\MSE Walland Embankment Pmllles.dwg, 912S/20061:"11:53PM, 1\lltzlree\Q..gepiJSlOO!n 

Soil Tvne 
MSE Fill 
EMb Fill 
Sllt/So.ncl 
So.nclstone 

1 

I 
I 
I 

Silt 

@ 

Unclro.lnecl 
c <nsf'> ~ <dec> 

0 34 
0 30 
0 29 

10000 45 

I 

I 
I 

Dro.lnecl 
C' <csf> ~· (deo> .., <ccf> 

0 34 120 
0 30 120 
0 29 120 

10000 45 145 

I -~ 
I 

/ ~ Dro.ined (Undro.ined) 
' SeisMIC FS=1.777 

/ 

FS=1.883 

@-

@ 

...--. 

- -sc:: 

823 OVER PORTSMOUTH - MINFORD ROAD 
REAR ABUTMENT 

MSE STABILITY ANALYSIS 

SCI-823-0. 00 
PROJECT NO. 0121-3070. 03 I CALC• SJR \DA1E 9/l't/06 



MSE Sto.blllty Ano.lysls 
TR-16 &. B-10 Profile 
823 over PortsMouth-M~ford 
Roo.d <Forwo.rd AbutMent) 
Sto.. 486+15 
H=61.1' Full Height 
EMbedMent D=3.0' 
L=<H+ D>•0.8=51.3' 

MSE \r/o.ll _/ 

-- ,, ~ -------:7"'"- .. -

Undrnlned Drnlned 

Material ConsistencY Soil Tvn<> r. (o~~) I+ (dPn) C' <osf> I 4>' (dec> 'Y (nr~) 

Mo. ilerlal 1 I CoMoacted I MSE Fill o I 34 o I 34 120 

Mailerlal 2 I CoMonc:ted I EMb. Fill o I 30 o I 30 120 
Hailerlnl 3 I MediuM Dense I Sllt/So.ndv Silt 1000 I o o I 29 120 

MrleriQl~_) HClrd l SClndston,. 10000 I 45 10000 I 45 145 

7/ 
CD ® I; 

1 
I 
I 
I 
I 

~~-~Undrained FS=1.068 ' ' 

=1.830 // Dralned {s~1.728 ,, SeisMic 
,/ 

-r--- "']; 

. ,..-. ,• .-:::: .·~ G)-

@ 

-- -sr::: 

823 OVER PORTSMOUTH - MINFORD ROAD 
FORWARD ABUTMENT 

MSE STABILITY ANALYSIS 

SCI-823-0. 00 
~roi\0121\3070.03\Stablllty An•ly!les\MSE Walland Embankment ProfUes.dwg, 91141'20061:03:417 PM. \'Dtztree\Q...geotechhplj$100tn 

PROJECT ND. 0121-3070. 03 \ CALC• SJR \ 'DAiE 9/1.1,/0E. 



Client TranSystems 0121-3070.03 '~ D L z SUBJECT 
Project SCI 823-0.00 Portsmouth Bypass 

JOB NUMBER 

SHEET NO. 

COMP. BY 

CHECKED BY 

OF __!,g 
Item Bearing Capacity- MSE Wall SJR DATE 9/13/06 

SA 823 over Portsmouth Minford Road JAA-DATE 1/1"1/0CQ 
Rear Abutment 

BEARING CAPACITY OF A MSE WALL 

Ref: {AASHTO; STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES, 17th Edition, 2002} 

' 

Effective Bearing Pressure 

w, + WMSE 
(j' = ---'-_..:;""""-

v L-2e 0v = 10,339 psf 

Ultimate undrained bearing capacity, q uJt 

qvLT=cf\ +a'0 Nq +!y'B ~ 
2 

qUl.T = 27,816 psf 

qULT 
11,126 psf qALL == FS qALL : 

Factor of Safety = 2.69 OK 

Ultimate drained bearing capacity, QuJt 

I 
q0LT=c'N, +CJ'oNq +zyBN, qut.T = 27,816 psf 

qULT 
qALL== FS 

Factor of Safety = 

qALL = 11,126 psf 

2.69 OK 

Soil Properties 

"fEMB = 120 pcf 

<P'EMB = 30 de g. 

"fFDN = 120 pcf 

c = ·:':,~; .. ·. psf 

<P = 29·. deg. 

c' = 
·'2~>:::. <P' = 

Loads and Parameters 

(,)I = 
L=B = 
L factor = 
D 

Dw 

H+D 

H 

Ka 

I Pa 

I Wt 

B' 
-y' 

= 
= 
= 
-

= 
= 
= 

= 
= 

240 psf 

54.8 ft 

ft 

ft 
68.5 ft 
~-· ::·~., :!,,,l;; '· 

65:$;/ft 

0.33 

22.833 ft 

34.25 ft 

44.84 ft 

57.6 pcf 

Unit weight Embankment fill 

Friction ang. Embankment fill 

Unit weight Foundation soil 

Cohesion Foundation soil 

Friction ang. Foundation soil 

Cohesion Foundation soil 

Friction ang. Foundation soil 

Traffic loading 

Length ofMSE reinforcement 

Length factor-range (0. 7 - 1.0) 

Embedment depth 

Groundwater depth 

Height of wall 

Moment arm 

Moment arm 

w, 
wm .. 

13,152 lb/ft of wall 

= 450,456 lb/ft of wall 

Weight from traffic 

Weight from MSE wall 

Bearing CaQacity Factors for Eguations (MSHTO) 

Undrained Drained 

Nc 27.86 Nc 27.86 

Nq 16.44 Nq 16.44 

Nr 19.34 N.) 19.34 

Eccentricity of Resultant Force 

e = 4.98 ft 

Kern 

e<U6 = 9.13 ft 



-' 

SUBJECT Client TranSystems ODOT D-9 

~VLZ 
Item MSE Wall Stability 

Project SCI 823-0.00 Portsmouth Bypass 

SR 823 over Portsmouth- Minford Road 

Rear Abutment 

STABILITY OF MSE WALL 

Assumptions: wall P,.r\nPrl;P~ 

1 Estimated height of embankment; H=65.5' 

2 It ;s assumed that the bridge is supported on piles 

H+D 

Yrwe 
~.:;;;J.:f;.,r"~'W~ 

3 Ground water; Dw=O.O' L = 54.8 feet 

4 Tra tfic loading is neglacted in resisting forces L factor 

JOB NUMBER 0121-3070.03 

SHEET NO. 2. OF (p 

COMP. BY SJA DATE 09/13/06 

CHECKED BY '1>M DATE q U'-1 /{)1£. 

CJr = 240 

Cohesion 

Friction angle 

Traffic loading 

Length factor-range (0.7 - 1.0) 

5 cjl = ~~~::iJZ deg Friction Angle of Embankment Fill 

RESISTANCE AGAINST SLIDING ALONG BASE 

Thrust:_ Pa = Ka[i ;f/
2 

+ mTH J 
where; K = tan 2 

( 45- tjJ) 
a 2 

Ka = 0.33 

Pa = 98,332 lbs per foot of wall 

= 
Resis~ce: P, = W(0.67)(u) (Drained) 

where; f.1 =tar(¢) 0.67 f-L = 0.37 

0.67)-L Max.= {AASHTO, Bridge Design Manual: 303.4.1.1) 

P, = 
==-

P, = 
==-

P,. 
FS==--p 

a 

157,660. lbs per foot of wall 

USE TillS VALUE 

p - T:; 

0 

(Undrained) 

lbs per foot of wall 

Use Drained Value 

Calculated 

FS = 1.60 

' 

Required 

FS = 1.50 

Resistance Against Sliding is I OK J 

RESISTANCE AGAINST OVERTURNING 

• summation of Moments about point "0" (base of wall). 

• Traffic loading is neglected in resisting forces 

L:Mresisting = 12,342,494 Jb-ft LM mi"i"R = JHL( ~) 
L:Moverruming = 2,307,179 fb-ft LM uvmurni~ = Ku[ ~ }/f 2

(;) + COrH( ~) J 
Calculated Required Resistance Against Over1uming is l OK l 

FS = f.M avem<min g 

FS = 5.35 FS = 2.00 
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Client TranSystems JOB NUMBER 0121-3070.03 ~ D L z SUBJECT 
Project SCI 823·0.00 Portsmouth Bypass SHEET NO. :s OF __j£ 
Item Bearing Capacity· MSE Wall COMP. BY SJR DATE 9/13/06 

SR 823 over Portsmouth Minford Road CHECKED BY Dt1A: DATE qL!~Lo~ 

Forward Abutment 

BEARING CAPACITY OF A MSE WALL 

Ref: {AASHTO; STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES, 17th Edition, 2002} 

Soil Properties 

TRAFFIC LOADING 

I 

FILL 

T .'•i·V 

p 

' 

Effective Bearing Pressure 

w, + WMSE 
(Y = --'----"-~ 

v L-2e 

I I I I 

rJy = 9,698 psf 

Ultimate undrained bearing capacity, Qu.JJ. 

quLr=c~ +a'o Nq +!1 B ~ 
2 

qULT : 5,313 psf 

qULT 
qAl.L = 2,125 psf qALL = FS 

H 
I 

Factor of Safety = 0.55 l No Good I 
Ultimate drained bearing capacity, q uJJ. 

I 
quLT=c'Nr+a'DNq+zy'BN, qULT = 26,201 psf 

qULT 
qALL= FS 

Factor of Safety = 

qALL = I 0,480 psf 

2.70 OK 

I 

I 

'YEMB = 
cJ>'EMB = 
'YFDN = 
c = 
cj> = 
c' = 
cj>' = 

120 pcf 

30 . deg. 
-. :. ,.· 

12(j .. pcf 

;1 09b:<= psf 

·,,' ~;~;: 
.;>,:1"_,::,:'-

' i.~i;/ . deg. 

Loads and Parameters 

(.._)I = 
L=B = 
L factor = 
D 

Dw 

H+D 

H 

Ka 

I Pa 

r wt 

B' 
-y' 

= 
= 
= 

= 
= 
= 
= 

= 
= 

240 psf 

51.28 ft 

ft 

ft 
64.1 ft 

ft 

21.367 ft 

32.05 ft 

41.94 ft 

57.6 pcf 

Unit weight Embankment fill 

Friction ang. Embankment fill 

Unit weight Foundation soil 

Cohesion Foundation soil 

Friction ang. Foundation soil 

Cohesion Foundation soil 

Friction ang. Foundation soil 

Traffic loading 

Length of MSE reinforcement 

Length factor-range (0. 7- 1.0) 

Embedment depth 

Groundwater depth 

Height of wall 

Moment arm 

Moment arm 

W1 12,307 lb/ft of wall 

W mo;e = 394,446 lb/ft of wall 

Weight from traffic 

Weight from MSE wall 

Bearing Capacity Factors for Equations (AASHTO) 

Undrained 

Nc 5.14 

Nq 
N, 

1.00 

0.00 

Drained 

Nc 27.86 

Nq 16.44 

N1 19.34 

Eccentricity of Resultant Force 

e = 4.67 ft 

Kern 

e< U6 = 8.55 ft 



Client TranSystems JOB NUMBER 0121-3070.03 g D L z SUBJECT 
Project SCI 823-0.00 Portsmouth Bypass SHEET NO. s OF _Jg_ 
Item Bearing Capacity- MSE Wall COMP. BY SJR DATE 9/13/06 

SR 823 over Portsmouth Minford Road CHECKED BY ]) flrf>r DATE fJ h'J Lo_((> 
r I 

Forward Abutment Granular Fill 

BEARING CAPACITY OF A MSE WALL 

Ref: {AASHTO; STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES, 17th Edition, 2002} 

' 

Effective Bearing Pressure 

w; + WMSE a = --'-----"c::=. 

v L-2e Ov = 9,698 psf 

Ultimate undrained bearing capacity, QuJJ. 

quLr=c]\ +O''o Nq +!y'BJ<? 
2 

qliLT : 54,682 psf 

qULT 
qAll = 21,873 psf qALL= FS 

Factor of Safety = 5.64 OK 

Ultimate drained bearing capacity, quJJ. 

qun=c'Nr +0''0 N +~]"BN 
q 2 1 

qULT 
qALL= FS 

Factor of Safety = 

qULT = 54,682 psf 

qAll = 21,873 psf 

5.64 OK 

Soil ProQerties 

YEMB = 120 pcf 

<J>'EMB = 30 de g. 

YFDN = 120 pcf 

c = Q psf 

<I> = 34 · deg. 

c' = o< .. psf 
.::•· .. 

<I>' = 34 deg. 

Loads and Parameters 

(,)I = 
L=B = 
L factor = 
D 

Ow 

H+D 

H 

Ka 

I Pa 

r wt 

B' 
y' 

= 
= 
= 

= 
= 
= 
= 

= 
= 

240 psf 

51.28 ft 
·;,,:_;. 

o.a;·:. 
0: • 3"'::.(~; ft 

. .-:·-.•··· 

··•·· ·.d:·::r:,:.ft 
64.1 ft 

.. .,:,;· .. ··: .. :.' 

6h1', ft 

0.33 

21.367 ft 

32.05 ft 

41.94 ft 

57.6 pcf 

Unit weight Embankment fill 

Friction ang. Embankment fill 

Unit weight Foundation soil 

Cohesion Foundation soil 

Friction ang. Foundation soil 

Cohesion Foundation soil 

Friction ang. Foundation soil 

Traffic loading 

Length of MSE reinforcement 

Length factor-range (0.7- 1.0) 

Embedment depth 

Groundwater depth 

Height of wall 

Moment arm 

Moment arm 

WI 

wm .. 
12,307 lb/ft of wall 

= 394,446 lb/ft of wall 

Weight from traffic 

Weight from MSE wall 

Bearing Ca[>acity Factors for Eguations (AASHTO) 

Undrained Drained 

Nc 42.16 Nc 42.16 

Nq 29.44 Nq 29.44 
Nl 41.06 N,. 41.06 

Eccentricity of Resultant Force Kern 

e = 4.67 ft e < U6 = 8.55 ft 
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Assumptions: 

SUBJECT 

1 Estimated height of embankment; H=65.5' 

Client TranSystems ODOT D·9 

Project SCI 823·0.00 Portsmouth Bypass 

Item MSE Wall Stability 

SR 823 over Portsmouth- Minford Road 

Forward Abutment Granular Fill 

STABILITY OF MSE WALL 
Wall o,~no~•: 

2 It is assumed that the bridge is supported on piles ')' mse 
:r,;;;~~.;t::;j:s\?l.~i.'i';o:'-T;~ 

3 Ground water; Dw=O.O' L = 5 1.28 feet 

JOB NUMBER 

SHEET NO. 

COMP. BY SJR 

CHECKED BY i2A ~ 

c = 
4>' = 

CJT = 240 

(I 

0121-3070.03 

OF __f,p_ 

DATE 09/13/06 

DATE 9LI~ LotR 

Cohesion 

Friction angle 

Traffic loading 

4 Traffic loading is neglacted in resisting forces 

5 

L factor Length factor-range (0.7 - 1.0) 

4> = :J'Jf.(~n~~f~~ deg Friction Angle of Embankment Fill "'.:,-~;;<.:.W,~!4·~!0ff. 

RESISTANCE AGAINST SLIDING ALONG BASE 

Thrust: pa = Ka[~ Jfl 2 + {J}TH J 
where; K = tan 2 ( 45- ¢') 

a 2 Ka = 0.33 

P. = 86,431 lbs per foot of wall 

Resistance: P, = W(0.67Xfl) (Drained) 

0.67 J-L = 0.45 where; f-L = ta~¢) 
0.67 J-L Max. = '~· {MSHTO, Bridge Design Manual, 303.4.1.1} 

P, = 

P, = 

FS= ~ 
pn 

177,50 I lbs per foot of wall 

USE THIS VALUE 

P, = L(,C} (Undrained) 

0 lbs per foot of wall 

Use Drained Value 

Calculated 

FS = 2.05 

Required 

FS = 1.50 

TRAFFIC LOADING 

FILL 

H 

T ·'-i -V 

p ..,_/ I ~ 
I II ! • 

L!~o~ 

Resistance Against Sliding is I OK I 

RESISTANCE AGAINST OVERTURNING 

• Summation of Moments about point "0" (base of wall). 

* Traffic loading is neglected in resisting forces 

LMresisting = JO,JJ3,589 Jb-ft 

LMoverruming = 1,900,982 Jb-ft 

FS 
LM rt!.\1·.,1in!f 

LM overturn in g 

Calculated 

FS = 5.32 

Required 

FS = 2.00 

LAJ misring = tJfL( ~) 

LAJ ovmurni~ = Ka[ 1 ;H 
2
(;) + ~H( ~) J 

Resistance Against Overturning is I OK I 
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Classification Test Data Summary 

Sample 
Boring No.J No. 

(SS) 

Moisture Mechanical Analysis Atterberg Limits 

Depth (ft) I Content Gra~el Coarse Fine Silt Cia Liquid Plastic Plasticity 
(%) (0 f) sand sand (%) (%r Limit Limit Index 

j_%) (%) (%) 

uses 1 ODOT 
Classification Classification 

B-003-0-08 S-1 1.0-2.5 8.3 
B-003-0-08 S-2 3.5-5.0 11.9 4.0 7.6 8.1 52.6 27.7 29 19 10 CL A-4b(8) 
B-003-0-08 S-3 6.0-7.5 12.0 
B-003-0-08 S-4 8.5-10.0 11.1 0.~ 3.2 4.9 59.2 32.2 32 20 12 CL A-6a(9) 
B-003-0-08 S-5 11.0-12.5 7.5 
B-003-0-08 S-6 13.5-15.0 5.6 
B-003-0-09 S-7 16.0-17.5 4.3 

l!Jnconfined Compressive Test Data Summ<!fY 

. Length as Dia1eter Mass 
Max Uncorrected 

LID 
--Corrected 

Bonng No.I Depth (ft) I Rec'd (in) (g) 
Load Strength 

Ratio 
Compressive 

(i1) (I b) (psi) Strength (psi) 
B-003-0-08 18.9-19.2 3.9 1.C 7 462.5 21410 7010 1.97 6996 
B-003-0-08 19.3-19.6 3.9 1 . ~ 7 477.6 18840 6169 2.00 6169 
B-003-0-08 33.6-33.9 3.5 1 . ~ 7 462.2 37070 121.5 1.75 11968 
B-003-0-08 33.9-34.2 4.0 1.< 7 554.6 47070 15441 2.00 15441 



cr: 
w 
z 
LL 
f­
z 
w 
0 
cr: 
w 
CL 
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0.01 0.001 

%Boulders 
%Gravel 1---------,----------------

Coarse 1 Fine 
%Sand 

Coarse · Fine 
%Fines 

%+3" 
Clay 

0.0 0.0 o.o I 4.o 

SIEVE 

SIZE 

.75 
.5 

-:J15 
#4 

#10 
#20 
#40 
#60 

#!00 
#200 

PERCENT 

FINER 

100.0 
97.4 
~ 
96.4 
96.0 
91.6 
88.4 
86.4 
84.3 
80.3 

SPEC.* 

PERCENT 

* (no specification provided) 

PASS? 

(X=NO) 

Sample Number: 0128 Depth: 3.5'- 5.0' 
Location: B-003-0-08 (S-2) 

TES TECH 

Davton. Ohio 

Silt 

7.6 I 8.1 52.6 

Material Description 

brown Silt 

PL= 19 

o85= 0.1764 
o30= o.0059 
Cu= 

Atterberg Limits 
LL= 29 

Coefficients 
o60= o.0306 
015= 
Cc= 

Classification 

27.7 

PI= 10 

o50= o.0182 
D1o= 

USCS= CL ODOT= A-4b(8) 

Remarks 
Date Received: 2/14/08 
Lab No.: 0128 

Client: HDR Engineering, Inc. 

Date: 2/14/08 

Project: ODOT District 9 Portsmouth Bypass, SCI-823-0.00/6.8!, PID 
#!9415- Minford, Ohio 

Project No: 25506 File No. 



GRAIN SIZE DISTRIBUTION TEST DATA 

Client: HDR Engineering, Inc. 

Project: ODOT District 9 Portsmouth Bypass, SCI-823-0.00/6.81, PID # 19415 -Minford, Ohio 

Project Number: 25506 

Location: B-003-0-08 (S-2) 

Depth: 3.5'- 5.0' Sample Number: 0128 

Material Description: brown Silt 

Date: 2/14/08 PL: 19 LL: 29 PI: 10 

USGS Classification: CL AASHTO Classification: A-4(7) 

Ohio DOT Classification (if different from AASHTO): A-4b(8) 

Testing Remarks: Date Received: 2/14/08 

Dry 
Sample 

and Tare 
(grams) 

227.69 

53.47 

Lab No.: 0128 

Tare 
(grams) 

14.51 

0.00 

Cumulative 
Pan 

Tare Weight 
(grams) 

0.00 

0.00 

Hydrometer test uses material passing # 1 0 

Sieve 
Opening 

Size 

.75 

.5 

.375 

#4 

#10 

#20 

#40 

#60 

#100 

#200 

Percent passing #10 based upon complete sample= 96.0 
Weight of hydrometer sample =53 .469 
Hygroscopic moisture correction: 

Moist weight and tare= 49.88 
Dryweightandtare= 49.72 
Tare weiqht = 34.24 
Hygroscopic moisture = 1.0% 

Automatic temperature correction 

Cumulative 
Weight 

Retained 
(grams) 

0.00 

5.52 

6.81 

7.63 

8.48 

2.48 

4.23 

5.37 

6.54 

8.76 

Percent 
Finer 

100.0 

97.4 

96.8 

96.4 

96.0 

91.6 

88.4 

86.4 

84.3 

80.3 

Composite correction (fluid density and meniscus height) at 20 deg. C = -4.5 
Meniscus correction only = 0.0 
Specific gravity of solids= 2.65 
Hydrometer type = 152H 

Hydrometer effective depth equation: L = 16.294964- 0.164 x Rm 

Elapsed Temp. Actual Corrected Eff. 
Time (min.) (deg. C.) Reading Reading K Rm Depth 

1.00 20.5 43.5 39.1 0.0136 43.5 9.2 

2.00 20.5 37.5 33.1 0.0136 37.5 10.1 

5.00 20.5 33.0 28.6 0.0136 33.0 10.9 

15.00 20.5 27.0 22.6 0.0136 27.0 11.9 

30.00 20.5 24.0 19.6 0.0136 24.0 12.4 

60.00 20.5 21.5 17.1 0.0136 21.5 12.8 

120.00 20.5 19.0 14.6 0.0136 19.0 13.2 

250.00 20.5 17.5 13.1 0.0136 17.5 13.4 

Diameter Percent 
(mm.) Finer 

0.0410 70.9 

0.0305 60.0 

0.0200 51.8 

0.0121 40.9 

0.0087 35.5 

0.0063 31.0 

0.0045 26.4 

0.0031 23.7 

3/5/2008 

TESTECH ----------------------------------~ 



l 

/ 

Boulders 

0.0 

D1o 

Fineness 
Modulus 

0.56 

Cobbles 
Coarse J 

0.0 0.0 I 

015 D2o 

Gravel Sand 
Fine L Total Coarse I Fine 

4.0 I 4.0 7.6 I 8.1 

D3o Dso Dso 

0.0059 0.0182 0.0306 

Fines 

I Total Silt I Clay I Total I 

I 15.7 52.6 I 27.7 I 80.3 

Dao Dss Dgo Dgs 

0.0718 0.1764 0.6197 1.5511 

L--------------------------------- TESTECH --------------------------------~ 
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100 10 0. 0.01 0.001 

GRAIN SIZE- mm. 

%Boulders 
%Gravel f---------., ... ,,, ____ .. -

Coarse 1 Fine 

%Fines %Sand 
%+3" ··-·-·-· ·--··- ··-

Clay 

0.0 

SIEVE 
SIZE 
.375 
#4 

#10 
#20 
#40 
#60 

#100 
#200 

" 

0.0 

PERCENT 
FINER 
100.0 
99.9 
YY.S 
97.7 
96.3 
95.4 
94.3 
91.4 

0.0 i 0.5 

SPEC.* 
PERCENT 

PASS? 
(X=NO) 

(no specification provided) 

Coarse Fine Silt 

3.2 j_ 4.9 59.2 

Material Description 

brown Silt and Clay 

PL= 20 

o85= o.0466 
o30= o.oo41 
Cu= 

Atterberg Limits 
LL= 32 

Coefficients 
o60= o.ono 
015= 
Cc= 

Classification 

I 
i 

PI= 12 

32.2 

o50= o.0140 
D1o= 

USCS= CL ODOT= A-6a(9) 

Remarks 
Date Received: 2114/08 
Lab No.: 0128 

Sample Number: 0128 Depth: 8.5'- 10.0' 
Date: 2114/08 Location: B-003-0-08 (S-4) 

TES TECH 

Dayton, Ohio 

Client: HDR Engineering, Inc. 

Project: ODOT District 9 Portsmouth Bypass, SCI-823-0.00/6.81, PID 
# 19415 - Minford, Ohio 

Project No: 25506 File No. 



GRAIN SIZE DISTRIBUTION TEST DATA 

Client: HDR Engineering, 1nc. 

Project: ODOT District 9 Portsmouth Bypass, SCI-823-0.00/6.81, PID #194 15 -Minford, Ohio 

Project Number: 25506 

Location: B-003-0-08 (S-4) 

Depth: 8.5'- 1 0.0' Sample Number: 0128 

Material Description: brown Silt and Clay 

Date: 2/14/08 PL: 20 LL: 32 PI: 12 

USGS Classification: CL AASHTO Classification: A-6( 1 0) 

Ohio DOT Classification (if different from AASHTO): A-6a(9) 

Testing Remarks: Date Received: 2114/08 

Dry 
Sample 

and Tare 
(grams) 

195.83 

50.57 

Lab No.: 0128 

Tare 
(grams) 

14.17 

0.00 

Cumulative 
Pan 

Tare Weight 
(grams) 

0.00 

o·.oo 

Hydrometer test uses material passing# 1 0 

Sieve 
Opening 

Size 

.375 
#4 

#10 

#20 
#40 

#60 

#100 

#200 

Percent passing #10 based upon complete sample= 99.5 
Weight of hydrometer sample =50.568 
Hygroscopic moisture correction: 

Moist weight and tare= 63.47 
Dry weight and tar~ = 63.33 
Tare weight= 51.02 
Hygroscopic moisture = 1.2% 

Automatic temperature correction 

Cumulativ~ 

Weight 
Retained 
(grams) 

0.00 

0.15 
0.97 

0.92 

1.61 

2.08 
2.64 

4.12 

Percent 
Finer 

100.0 

99.9 
99.5 

97.7 

96.3 

95.4 
94.3 

91.4 

3/5/2008 

------t--Gofflj'}esite--€effeetieR--tHuiEklensity-aA9--mtmise!ls--Reigllt~efr.-G-=-4-2~----------------------f--­
Meniscus correction only= 0.0 
Specific gravity of solids = 2.65 
Hydrometer type= 152H 

Hydrometer ~ff~ctive depth equation: L = 16.294964 - 0.164 x Rm 

Elapsed Temp. Actual Corrected Eff. Diameter Percent 
Time (min.) (deg. C.) Reading Reading K Rm Depth (mm.) Finer 

1.00 20.5 45.0 40.6 0.0136 45.0 8.9 0.0405 80.7 

2.00 20.5 39.0 34.6 0.0136 39.0 9.9 0.0302 68.8 

5.00 20.5 33.5 29.1 0.0136 33.5 10.8 0.0199 57.8 

15.00 20.5 28.0 23.6 0.0136 28.0 11.7 0.0120 46.9 

30.00 20.5 25.0 20.6 0.0136 25.0 12.2 0.0086 40.9 

60.00 20.5 22.0 17.6 0.0136 22.0 12.7 0.0062 35.0 

120.00 20.5 20.0 15.6 0.0136 20.0 13.0 0.0045 31.0 

250.00 20.5 18.0 13.6 0.0136 18.0 13.3 0.0031 27.0 

L--------------------------------- TESTECH --------------------------------~ 



Boulders 

0.0 
'---------- -

01o 

Fineness 
Modulus 

0.15 

Cobbles 

0.0 

I 015 

I -----

Gravel 
Coarse I Fine I 

0.0 J 0.5 1 .. 
------ -·- -

Ozo 030 

0.0041 
-

Sand Fines 

Total Coarse J Fine I Total Silt I Clay I Total 

0.5 3.2 I 4.9 I 8.1 59.2 I 32.2 __ 1__2_1_.4_ 

Oso Oso Oso Oss Ogo oss 

0.0140 0.0220 0.0397 0.0466 0.0632 0.2057 
·-

TESTECH --------------------------------~ 
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TT 25506 ODOT DISTRICT 9 PORTSMOUTH BYPASS MINFORD OH 
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ID"l I 

I LOG OF BORING 

Boring No.: B-003408 Baseline, Station & 011set: 483+12, 11.38' LT Surface Elev. (II) 675.5 Project ID.: SCI-8~.81 , PID 19415 
Dale Starlod: 11-Fob-08 Coon:linates: Water Elev. (ft) 663.5 

Date Completed: 11-.Feb-08 Drilling Method: 3.25'HSNNQ Sealing & Bacl<fllling Type:~ Hammer System Type: CME AutomaUc 
Quantity. calibration Date: 10-25-07 ER: 74% 

I Elev. Depth 
Std. Pen R&e.lLoss 

Sample % Physical Charnctoristics COOT II ~ /ROD 
Neo II ft Description Type Rec % % % % c!, P.l LL P.l w.c. Class 0.0 0 &No. Ano c.s. FS. Sl~ 

-674.5 - ~~~ - - - ------------------~~ ~-- - - -- f-. - -- -- - - - - -- --- -
673.5 2- 3/5/4 11 - S.t Same as 8-2 8.3 A-4b t--=-- -

(VISUAL) - Medium denoe. light brown wllh l9ll and black (manganese E 672.5 -
671.5 .- 4/3/6 11 

staining, SILT, dry _ 

5-2 4 B 8 52 28 29 10 11.9 A-4b(B) I--"- -
670.5 

- --
5.5' 

669.5 6-
-~ 

- - 5-3 Sameass.4 12.0 A~a 
668.5 - 1G'1317 25 - (VISUAL) 

667.5 8 - -
I ~ Dense. light brown with red end black (manganese) -- staining, SILT AND ClAY, dry - 8-4 1 3 5 59 32 32 12 11.0 A6a(9) 

" J 666.5 - -
10-

18/22/24 54 -665.5 
~ -

-
664.5 -- -
663.5 12- 21125126 63 -

8-5 Same ess.4 7.5 A~ ~ 12.5'- (VISUAL) 
662.5 - -

14-
Silty Shale, gray, sevetelh wealhered (decomposed) - ' 

661.5 50/.3 v:1, weak to weak. very ne sand texture, lamlnatod -,.......:..::.. 
to nly laminated 

660.5 
- -- -

659.5 16- 50/.1 Topol Rock 16.1'- 16.1' 
-

658.5 Argillaceous Silly Shale, mode<atety weathered, very weak to weak, very fine sand texture. laminated to thinly laminated. -..:: 

18-
Una ROD~ 85%, Lo~3'1o 

657.5 90% 2.9 0.1 
16.1' f---"'--

-
658.5 

655.5 20-
f-""- 100% 2.2 0.0 

-
654.5 -
653.5 22--=- I 

652.5 -
24-

64% 5.0 0.0 
651 .5 ~ 

-650.5 -
649.5 26-
~ 

-
648.5 lntetbedded Siltstone & Sandy Shale, lightly gray with darlc gray streaks, slightly 10 unweathered, moderately strong to strong, line to -..:: 

28-
very fine grained, Unit ROD= 89%. Loss--Q% 

647.5 t-=-
-

646.5 
82% 5.0 0.0 

-
645.5 30-

f-'=-
-644.5 -

643.5 32-
1-=-

-642.5 -
34- 94% 5.0 0.0 

641.5 1--=-
-640.5 -

639.5 36-
1-=-

Bottom of Boring = 36.3' 
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Appendix E 
Analyses 

Bearing Capacity- Spread Footing 
Embankment Consolidation Settlement 

Slope Stability Analyses 



Kl~ I 
)bjective: 

Keference: 

Given: 

1\ssume: 

Project: SCI-823-6.81 PID 19415 Compl..l(ed: DMV Date: 

ONE COMPANY Subject: S.R. 823 over Portsmouth-Minford Road (SR-139) Checked: JSA Date: 

Many Solutions'" Task: Spread Footing - Piers Page: of 

Job#: 45878 No: 

Determine Allowable Bearing Capacity 

MSHTO 17th Edition (2002), Section 4.4.8.1 
Report of Subsurface Exploration: Bridge and MSE Retaining Walls, SR 823 over Portsmouth­
Minford Road, SCI-823-0.00 Portsmouth Bypass, Scioto County, Ohio;.DLZ Ohio, Inc, 9/26/06 

Proposed Bottom of Footing (BOF) elevation = Varies 

Spread Footings 
f'c = 4,000 psi 

288 tsf 

Bmin = 25 feet 

L, = 15 feet 

Lz = feet 

T= 4 feet 

Dt= 6 feet 

loe 25ft. >I 

k-zoft. ~ t 
I I 6ft. 

t 

T 
15ft. 

Proposed BOF = Varies feet 1 
L1 / B = 0.6 (NTS) 

Subsurface conditions are represented by Borings B-1 0, B-11 and B-12 
Strata TopEl. Bottom El. REC%avq RQD%avg Strength 

(feet) (feet) (tsf) (psi) 
B-10 SNDST 623.1 to 613.1 97% 87% 748.3 10,393 
B-11 SNDST 624.2 to 604.2 87% 77% 758.7 10,537 
B-12 SNDST 624.0 to 614.0 90% 76% 699.0 9,709 

Average 735.3 10,213 

Factor of Safety, FS = 3 [AASHTO, Section 4.4.8.1.3] 

Compressive Strength of Bearing 
Strata, C0 = 699.0 tsf (AASHTO, Section 4.4.8.1.2) 

Ground Water Table Varies feet 

Rock "Category" = B [AASHTO, Table 4.4.8.1.28] 

RMR Rating= 55 [Geomechanics Classification System, see attached worksheet] 

[using average value calculated for strata within 1 B of BOF] 

11-Apr-08 

11-Apr-D8 

---------------t<tm..,-,:--fr1-'.)37'g--[lnterpolated us1ng MSf!T(J,Ia=ec-;r;n:ro=.-----------------------------------

Calculation: quit = Nms Co= 107.5 tsf= 215.0 ksf= 214,999 psf 

[AASHTO 4.4.8.1.2-1] 

=> qall = qult/FS = 35.83 tsf = 71.67 ksf = 71,666 psf 

=> Check Unconfined Compressive Strength of Rock (from testing) :5 =) ' 1- \ __ " ,. 1 
~·~) ~::::;~·- ,.,~T~r~; ·1::-· 

35.83 < 699.0 OK 
tsf tsf .o•of~.>":<-'<f"'L •'"·-""'·' o• • 

=> Check Allowable Stress in Concrete, cra 11 = 0.3 fc 

35.83 < 86.40 OK 
tsf tsf 



4/16/2008 

Data from AASHTO Table 4.4.8.1.2A (Group 

4 

RMR Nms Rock Quality ROD% 
3 - Very Poor < 25 

23 0.016 Poor 25 to 50 
44 0.056 Fair 50 to 75 
65 0.32 Good 75 to 90 
85 1.6 Very Good 90 to 95 
100 4.3 Excellent 95 to 1 

Regression Calculation 

RMR Nms 
55 I o.15379 I 

V:\35555\50\SCI-823-0917 RMR 

10 

Nms 

0.1 

0.01 

SCI-823-0917 RMR 
Table 4.4.8.1.2A 

\. __ .:. 

Values of Coefficient Nms for Estimation of Ultimate 
Bearing Capacity (Hoek, 1983) 

0 20 40 

Page 1 

"GROUP B" 

60 

RMR 
80 100 

Sheet 1 of 1 

120 



4/16/2008 SCI-823-0917 RMR 
Input Data Sheet 

Geomechanics Classification of Jointed Rock Masses, Tables B-2 & B-3 

Gener.ai Hbck Parameters I B~10 I B-11 I B-12 I 

Surface Elevation 632.60 532.70 632.50 

Depth to Rock @ Bottom of Footing 9.50 8.50 8.50 
Layer Thickness feet 10.00 20.00 20.00 
Point·load Strength Index (psi 
Uniaxial Compressive Strength, Co (psi) 10,393 10,537 9,709 
Rock Quaility, RQD 87% 77% 76% 
Spacing of Discontinuities (inch) 4.00 4.00 4.00 
Condition of Discontinuities (rough/weathered) Moderately Weathered 

Discontinuity Separation (inch 
Ground water 
Strike & Dip 

SNDST SNDST SNDST 

I,Jw I. 
English Metric 
632.60 feat 192.82 m ~ 

8.83 IE:el 2 69 m 
18.00 feet 5.49 m 

0 psi 0.00 MPa 
10,177 psi 70.19 MPa 7 

79% 79% 15 
4.00 inch 101.60 mm 6 -0.00 !nch 0.00 mm 22 

7 
-2 

Fair Rock 55 

I Weighted Average of individual strata {see below)= sst 
Specific:Roci<-Strata Parameters 8-10 Value Rating 

English Metric 
Surface Elevation 632.60 632.60 feet 192.82 m 

Depth to Top of La)'er (feet) 9.50 9.50 feet 2.90 m 

Layer Thickness (feet) 10.00 10.00 feel 3.05 m 
0 

Point-load Strength Index (psi 0 psi 0.00 MP• 
Uniaxial Compressive Strength, Co (psi 10393 10,393 p>l 71.68 MP• 7 
Rock Quallity, RQD 87%) 87% 87% 17 
Spacing of Discontinuities (inch) 4.00 4.00 inch 101.60 mm 6 
Condition of Discontinuities {rough/weathered) Moderately Weathered ... 

Discontinuity Separation (inch) 0.00 0.00 Inch 0.00 mm 22 
Ground water 7 
Strike & Dip -2 

SNDST Fair Rock 57 

·s.pecificH.oCk Stra4!- :pa·rameter.s 8-11 V~iue Rating 
·English Metric 

Surface Elevation 632.70 632.70 feel 192.85 1m 
Depth to Top of Layer (feet) 8.50 8.50 feet 2.59 % 

Layer Thickness (feet) 20.00 20.00 fee! 6.10 m ~ 
Point-load Strength Index (psi) 0 0 psi 0.00 MP• 

Uniaxial Compressive Strength, Co (psi) 10537 10,537 p>i 72.67 MP• 7 
Rock Quallity, RQD 77% 77%) 77% 15 
Spacing of Discontinuities (inch} 4.00 4.00 inch 101.60 mm 6 
Condition of Discontinuities (rough/weathered) .... 

Discontinuity Separation (inch) 0.00 0.00 lnch 0.00 mm 22 
Ground water 7 
Strike & Dip -2 

SNDST Fair Rock 55 

SpeCific Rock "Strata Parameters B-12 V~iue Rating 
English Metric 

Surface Elevation 632.5 632.50 feel 192.79 m 
'0 

~ 
Depth toT op of Layer (feet) 8.5 8.50 feet 2.59 m ,p 
Layer Thickness (feet) 20 20.00 feet 6.10 m 

0 ~ 
Point-load Strength index (psi) 0 0 psi 0.00 MP• 

Uniaxial Compressive Strength, Co (psi) 9709 9,709 psi 66.96 MP• 7 
Rock Quallity, RQD 76% 76% 76% 15 
Spacing of Discontinuities (inch) 4.00 4.00 inch 101.60 mm 6 
Condition of Discontinuities (rough/weathered) 0 ... 

Discontinuity Separation (inch) 0 0.00 Inch 0.00 mm 22 
Ground water 7 
Strike & Dip -2 

SNDST Fair Rock 55 

Sheet 1 of 1 



, 
117 

TABLE B-2. Geomechanics Classification of Jointed Rock Masses 

PARAMETER RANGES OF VALUES 
Ia) ClaS'ificotion Parameters and their ra!ings 

Poinl~oad strength 
For thi< low range 

> 10 MPa 4-10 MPa 2-4 MPa 1-2 MPa uniaxial compress.Tve 
Strength of intact index 

lest is preferred 
1 rock material 

Uniaxial 
>250 MPo 100-250 MPa 50-100 MPa 25-50 MPa 

5-25 1-5 <1 

compressive strength MPa MPa MPa 

Rating 15 12 7 A 2 1 0 

2 
Drill core quality ROD 90-100% 75-90% 50-75"4 25--50% <25% 

Rating 20 17 13 8 3 

3 
Spacing of di<continuilies >2m .. 0.6-2 m .: 200-600 mm 60-200 mm <60 mm 

Rating 20 15 10 8 5 

Very rough surfaces Slightly rough sur- Slightly rough sur- Slicken<ided 

Not conlinuous. faces faces surfaces OR Gouge Soft gouge > 5 mm 

Condition cf discontinuities No separation Seporaticn < 1 mm Seporafion < 1 mm < 5 mm thick DR thick OR Separation 
4 Unweathored wall Slightly weathered Highly weathered Separation 1-5 mm > 5 mm Continuous. 

rock walls walls Continuous 

Rating 30 25 20 10 0 

In Row per 10 m 
No no <10L/min J0-25 l/min 25-125l/min > 125 

tunnel length 

OR DR OR OR OR 

Ratio 
Ground waier }oint water pressure 

0 0.0--0.1 0.1--0.2 0.2--0.5 >0.5 5 rna jor pr incipol 
stress 

OR OR OR OR OR 

General conditions Completely dry Damp w~t Dripping Flowing 

Roling 15 10 7 4 0 
---- ---· ----~--

lb) Roling Adjustment for Joint Orienlolions 

Str1ke and dip orientations of joints Very favorable Favorable Fair Unlavoroble Very unlomroble 

Tunnels 0 -2 -5 -10 -12 

Ratings Foundations 0 -2 -7 -15 -25 

Slopes 0 -5 -25 -50 -80 

lcJ Rod MaS> CioS>es Determined from Toto! Ratings 

Roling 100;--81 I 80;--6] 60<--41 40;--21 <20 

Closs number I I II Ill IV v 
Description Very good roc~ j_ Good rock Fair rock Poor rock _Vo"l poor rod - ----- ------- ------------ -

{d) Meaning of Rock Mo>.S Classes 

Clo;s number I II Ill IV v 

Averoge stand-up time 
l 0 years for 15 m 6 months lor 8 m 

1 week lor 5 m span 
10 hours lor 2.5 m 30 minutes lor 1 m 

span span span span 

Cohesion of rock moss >400 kPo 300-400 kPo 200-300 kPo 100-200 kPo < l 00 kPo 

Friction angle of rod mms >45° 35-4Y 25-JY l5-2Y <1Y 
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or Strength o~ Intact Rock CHART G Ratings for Discontinuity Spacing 

15 ,.,..--- --14 ---___...-
13 

/ 
12 

/ 11 
/ 10 

L/ 
9 

0> v c 8 

"' / 
t:I: 7 v 

6 
/ 5 

4 / i 
3 / I 
2 / 

! 
,/ 
0 

j I 
0 40 80 120 160 200 240 

Uniaxial Compr~sslva Strgngth- MPa 

20 

19 

18 

17 

16 
15 

14 

13 

12 

"' 11 c 
-;;; 10 
a: 9 

8 
7 

6 

5 
4 
3 

2 

0 

. ~ 
../' 

/ 
/ 

/"" 
/ 

/ 
/ 

/ 
/ 

/' 
/ 

/ 
/ 

v 

-
- ·--

2.000 0 400 BOO 12.00 1600 
Spacing of Dlsconllnultlu • mm 

CHART B Ratings tor ROD 

20 
/ 

19 / 18 
/ 

17 
/ 16 

/ 15 
14 / 
13 / 
12 / 

en L_ 
E 11 / -;;; 10 
a: / g 

/ 
8 

L 7 

CHART D 

100 

90 

80 

70 

60 

~ 
50 

o· 
0 
a: 40 

Chart for correlation between ROD and Discontinuity Spacing 

3 5 4 0 

LEGEND: 
I I 

Q COMBINED ROD AND SPACING 
~ RATINGS OF EACH REGION 

ROD max 

5 /' 
V"' 

5 
~ 4 --3 

30 

20 

AVE. CORRELATION LINE 

ROD min 

2 10 

1 

0 

0 20 40 60 80 100 
ROD-% 

_o 
10 20 30 . 40 60 600 100 200 

Maan Discontinuity Spacing- mm 

2.000 



u:se lower 
('G! ffje_ 

Table 600-14. D = fF 
Description 
Unfractured 

Intact 
Slightly Fractured 

Moderately Fractured 
Fractured 

Highly Fractured 

C J l. ' D . ,!, L ' I O A 1 I 1 ';:) ,.,......_, 0l I 'S (. f:j. ...-\ 1 : •'\. t.,J • ' \ ( ,),. 
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C-1 \ ( ~--~ ', ~ ~ J' : ~· .. _) i}. _, ;_,,. :) 
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- (2,_ l 1· •- .; 1 ~ '· f ·' j t :'" ~ ;) 

/ 
.. r· 

· Bedrock 
Spacing 

Greater than 10 ft. 
3 ft. to 10 ft. 
1 ft. to 3 ft. 

4 in. to 12 in. "1 '' C-liJ, 6-ii,G-rL. 

2 in. to 4 in. 
Less than 2 in. 

Z2 '::: 

Z2.~ 

2.2.5~-
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4.4.8.1.2 DIVISION I~DESIGN 63 

should be used to determine qnJ.t. Alternatively, Table 
4.4.8.1.2B may be used as a guide to estimate C 0 • For 
rocks defined by very poor quality, the value of qult should 
be determined as the value of qnlt for an equivalent soil 
mass. 

4.4.8.1.3 Factors of Safety 

Spread footings on rock shall be designed for Group 1 
loadings using a minimum factor of safety (FS) of 3.0 
against a beanng capacity failure. 

4.4.8.2 Settlement 

4.4.8.2.1 Footings on Competent Rock 

For footings on competent rock, elastic settlements will 
generally be less than y, inch when footings are designed 
in accordance with Article 4.4.8.1.1. When elastic settle­
ments of this magnitude are unacceptable or when the rock 
is not competent, an analysis of settlement based on rock 

mass characteristics must be made. For rock'masses which, .. 
have time-dependent settlement characteristics, the proce-' 
dure in Article 4.4. 7 .2.3 may be followed to determine tl£ · 
time-dependent component of settlement. 

4.4.8.2.2 Footings on Broken or Jointed Rock 

Where the criteria for competent rock are not met, the' 
influence of rock type, condit:lon of discontinuities and de­
gree of weatheri..Qg shall be considered in the settlement 
analysis. 

The elastic settlement of footings on brok,en or jointed 
rock may be determined using the following: · 

a For circular (or square) footings; 

p = q0 (1 - v2)rJ/Em, with IP = ("V;)/[3, 

(4.4.8.2.2-l) 

.. For rectangular footings; 

TABLE 4.4.8.1..2A Values of Coefficient Nma for Estimation of the Ultimate Bearing Capacity of Footings on 
Broken or Jointed Rock (Modified after Hoek, (1983)) 

Rock Mass RMRCil NGIC2) RQDC3) Nms (4) 

Quality General Description Rating Rating (%) A B c D E 

Excellent Intact rock with joints spaced 100 500 95-100 3.8 4.3 5.0 5.2 6.1 
> 10 feet apart 

Very good Tightly interlocking, undis- 85 100 90-95 1.4 1.6 1.9 2.0 2.3 
turbed rock with rough 
unweathered-Joints-spaced_ 
10 feet apart 

Good Fresh to slightly weathered 65 10 75-90 0.28 0.32 0.38 0.40 0.46 
rock, slig~tly disturbed with 
joints spaced 3 to 10 feet apart 

\F~ Rock with several sets of mod~ I 44 1 50-75 0.049 0.056 0.066 0.069 0.081 
erately weathered joints spaced 
1 to 3 feet apart 

Poor Rock with numerous weathered 23 0.1 25-50 O.Q15 0.016 0.019 0.020 0.024 
joints spaced 1 to 20 inches · 
apart with some gouge 

Very poor Rock with numerous highly 3 0.01 <25 Use quit for an equivalent soil mass 
weathered joints spaced < 2 
inches apart 

O)Geomechanics Rock Mass Rating (RMQ) Systc:m-Bieniawsh, 1988. 
(2%rwegian Geotecb.ni=l Institute (NGI) Rock Mass Oassification System, Barton, et al., 1974. 
(3}R_ange of RQD values provided for general guidance only; actual det=inal:ion of rock mass quality should be based on RMR or NGI rating 
systc:ms. 
<•~Value Of N,. as a·functiaa of rock type; refer to Table 4.4.8.1.2B for typical range of values of C0 fur different rock type in each category. 



64 IDGHWAY BRIDGES 

TABLE 4.4.8.1.2B Typ~cal Range of Uniaxial Compressive Strength (Co) as a Function of 
Rock Category and Rock Type 

4.4.8.2.2 

Rock 
c (1) 

0 

Category General Description Rock1)rpe · (ksf) (psi) 

A Carbonate rocks with well- Dolostone 700- 6,500 4,800-45,000 
developed crystal cleavage Limestone 500- 6,000 3,500-42,000 

Carbonatite 800- 1,500 5,500-10,000 
Marble 800- 5,000 5,500-35,000 
Tactite-Skam 2, 700- 7,000 19,000-49,000 

B Lithified argglaceous rock Argillite 600- 3,000 4,200-21,000 
Oaystone 30- 170 200- 1,200 
Marls tone 1,000- 4,000 7,600-28_,000 

.B ... ~"-J. ..... j, :>c..r-; ph.~ .... Phyllite 500- 5,000 3,500-35,000 

-{> "IS"' ,l <:. lc.H, {:, ,_,,J,&" --4'- Siltstone 200- 2,500 1,400-17,000 

e.f ~ .. ~b'J .-& .... " .... hI <Nk"(>es 
ShaleCZ) 150- 740 1,000- 5,100 
Slate 3,000- 4,400 21,000-30,000 

c Arenaceous rocks with strong Conglomerate 700- 4,600 4,800-32,000 
crystals and poor cleavage Sandstone 1,400- 3,600 9 '700-25 ,000 

Quartzite 1,300- 8,000 9,000-55,000 

D Fine-grained igneous Andesite 2,100~ 3,800 14,000-26,000 
crystalline rock Diabase 450-12,000 3,100-83,000 

E Coarse-grained igneous and Amphibolite 2,500- 5,800 17,000-40,000 
metamorphic crystalline rock Gabbro 2,600- 6,500 18,000-45,000 

Gneiss 500- 6,500 3,500-45 '000 
Granite 300- 7,000 2,100-49,000 
Quartzdiorite 200- 2,100 1,400-14,000 
Quartzmonzonite 2, 700- 3,300 19,000-23,000 
Schist 200- 3,000 1,400-21,000 
Syenite 3,800- 9,000 26,000-62,000 

C'lRange of Uniaxial Compressive Strength values reported by various investigations. 
C2lNtJt including oil shale. 

p = qo (1 - v2)BI/Em, with IP = (LIB)112/l3, 

( 4.4.8.2.2-2) 

Values of IP may be computed using the 13. values pre­
sented in Table 4.4.7.2.2B from Article 4.4.7.2.2 for rigid 
footings. Values of Poisson's ratio ( u) for typical rock 
types are presented in Table 4.4.8.2.2A. Determination of 
the rock mass modulus CErn) should be based on the results 
of in-situ and laboratory tests. Alternatively, values of E, 
may be estimated by multiplying the intact rock modulus 
CEo) obtained from uniaxial compression tests by a reduc­
tion factor (aE) which accounts for frequency of disconti­
nuities by the rock quality designation (RQD), using the 
following relationships (Gardner, 1987): 

Em= aEEo (4.4.8.2.2-3) 

aE = 0.0231(RQD)- 1.32;::: 0.15 (4.4.8.2.2-4) 

For preliminary design or when site-specific test data can­
not be obtained, guidelines for estimating values of Eo 
(such as presented in Table 4A8.2.2B or Figure 
4.4.8.2.2A) may be used. For preliminary analyses or for 
final design when in-situ test results are not available, a 
value of aE = 0.15 should be used to estimate Em. 

4.4.8.2.3 Tolerable Movement 

Refer to Article 4.4.7.2.3. 

4.4.9 Overall Stability 

The overall stability of footings, slopes, and founda­
tion soil or rock shall be evaluated for footings located on 
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4. DLZ Subsurface Investigation Embankments (Station 416+00 to 509+50) Project SCI-823-6.81 Phase 1- Stage 1 Scioto County, Ohio 

Assumptions: 

1. Terzaghi's one-dimensional consolidation theory applies. 

Stress Due to Additional Fill (Embankment) Groundwater Table: 

a b b a Embankment Height: 

Fill Unit Weight: 

Surcharge: 
q Width of Slope: 

Top half-width of Emb.: 
~ 

Distance from CL: 

Output Range: 

Drainage: 

z. 

D= 

H= 

Vemb = 
P= 

a= 

b= 

x= 

z= 

Single 

12 

38 

125 

240 

76 

50 

0 

0 

ft 

ft 

pcf q = 4750 psf 

psf 

ft 

to 12.5 ft 

0' v ( z) = ( _q_) · (a · (a ( z) + fi (z) + a · (z))) + b · (a ( z) + a ' ( z)) + x · ( (a ( z) - a · ( z))) 
Jr·a 

fJ(z) =a tan 

a' ( z) = a tan [ (a + ; - x)] - a tan[-'--( b_:_x__:_)] 

a ( z) = a tan [ (a + ; + x)] - a tan[---'-( 
6-:-x---'-)] 

Layer No. Soil Description 
Bottom 
Layer 

z a(z) 

Silt (A-4b) 5.5 2.75 0.0 

2 Silt & Clay (A-6b) 12.5 9 0.1 

3 

4 

5 

6 

7 

8 

9 

10 

Note: Profile based upon Boring B-003-0-08. 

a'(z) J3(z) 
Uv p !1cr,' 

{es:Q (psf) (psf) 

0.0 3.0 4687.3 240 4927.3 

0.1 2.8 4545.0 240 4785.0 
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Normally Consolidated Soil 

s = I [ c c . H . log [ ~J] 
l+eo O"o 

Overlyconsolidated Soil (a' 0<a'0<a1) 

S =I [ Cr ·H ·log(~]+ Cc ·H ·log(~]] 
l+eo O"o l+eo o-c 

Layer No. 

1* 

2* 

3 

4 

5 

6 

7 

8 

9 

10 

Notes: 

Bottom Ysoil Soil Description 
Layer (~en 

Silt (A-4b) 5.5 122 

Silt & Clay (A-6b) 12.5 122 

1) Ysoil & w=9% based on Lab Testing. 

2) Cc = w/100 

TIME RATE OF CONSOLIDATION 

Tv Hdr 
Cv 

u.v 
lff/davl 

10 0.01 12.5 0.6 

20 0.03 12.5 0.6 

30 0.07 12.5 0.6 

40 0.13 12.5 0.6 

50 0.20 12.5 0.6 

l:la; at' 
a' (psf) 0 

(~s!2 (~s!2 
335.5 4927.3 5262.8 

1098.0 4785.0 5883.0 

3) C, = w/1 000 

4) e0 = G.*w/100 

Time 

3 100 
9 90 
19 

80 
33 ~ 70 
52 c 

000000000045878 !PJD No. 19415 

!computed JSA [oate 3/17/2008 

!checked DMV [oate 3/28/2008 

!sheet 2 lor 2 

Overlyconsolidated Soil (a'0<a'c) 

S =I [ Cr ·H ·log(~]] 
l+eo O"o 

a' c 
Cc 

~~s!2 
5262.8 0.09 

5883.0 0.09 

c, eo s 

0.01 0.238 0.048 

0.01 0.238 0.037 

0.085 ft 

Total Settlement 1.019 in 

Time Rate of Consolidation 

/ 
/ 

/ 
12.5 75 

Ql 60 
7 60 0.29 0.6 E 

Ql 50 70 0.40 12.5 0.6 105 

80 0.57 12.5 0.6 148 

90 0.85 12.5 0.6 221 

99.9 2.71 12.5 0.6 707 

Note: 

1) Cv from DLZ Subsurface Investigation 

Embankments Project SCI-823-6.81 (Sta 487+00). 

Time to reach 0.5 in settlement remaining: 

- 7 ... 
Ql 

40 U) 

7 iii 
30 0 I 1-
20 

10 

0 

0 

Uav 

51 ..,.,.,.., 

200 

Tv 

0.20 .............. 

400 

Days 

Time 

53 

600 

days 

I 
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[Task Primary Consolidation Settlement Evaluation (Forward Abutment) [sheet 1 [Of 2 

References: 

1. EM 1110-1-1904 "Settlement Analyses" 

2. Advanced Soil Mechanics (2nd Edition)- B. M. Das (1997) 

3. Training Course in Geotechnical & Foundation Engineering- Publication No. FHWA Hl-97-021 (1997) 

4. DLZ Subsurface Investigation Embankments (Station 416+00 to 509+50) Project SCI-823-6.81 Phase 1- Stage 1 Scioto County, Ohio 

Assumptions: 

1. Terzaghi's one-dimensional consolidation theory applies. 

Stress Due to Additional Fill (Embankment) Groundwater Table: 

0 -b b 0 
Embankment Height: 

Fill Unit Weight: 

Surcharge: 
q Width of Slope: 

Top half-width of Em b.: 
~· 

Distance from CL: 

Output Range: 

Drainage: 

% ~ 

D= 

H= 

Vemb = 

P= 

a= 

b= 

x= 

z= 

Single 

6 

58 

125 

240 

116 

50 

0 

0 

ft 

ft 

pcf q = 7250 psf 

psf 

ft 

to 8.7 ft 

o- v ( z) = ( n-~ a } (a · (a (z) + _,8 ( z) + a ' (z))) + b · (a ( z) + a ' ( z)) + x · ( (a ( z) - a ' ( z))) 

r /7_ 

fi(z) =a tan 

a ' (z) = a tan [ (a + ~ - x) ] - a tan [-'-( b_: __:_x) ] 

a ( z) = a tan [ (a + ~ + x) ] - a tan [-'-( b_;_x...:...) ] 

Layer No. Soil Description 
Bottom 
Layer 

z a(z) 

Sandy Silt (A-4a) 8.7 4.35 0.1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Note: Profile based on Boring B-1 0 (Critical Soil Profile). 

a'(z) j3(z) 
av 

!£.ill 
0.1 3.0 7135.1 

p 

(psf) 

240 

t:.a; 
(psf) 

7375.1 
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[Project SCI-823-0.00/6.81 Portsmouth Bypass Phase I 

[Subject Bridge No. SCI-823-0917L 

[rask Primary Consolidation Settlement Evaluation (Forward Abutment) 

Normally Consolidated Soil 

s = I [ c c • H . log (~Jl 
l+eo O"o 

Overlyconsolidated Soil (cr'0<cr'c<cr1) 

S = I [ C r • H · log ( ~J + 
l+eo O'o 

cc 
1 +eo 

· H log ( : ~. J] 
Layer No. 

1* 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Notes: 

Soil Description 

Sandy Silt (A-4a) 

Bottom 
Layer 

8.7 

Ysoil 

~ 
O'o' (psf) 

122 271.0 

1) Ysoil & w% based on DLZ Lab Testing (Ref. 4) 

2) Cc = w/100 
_w,;;i<;D/_ r:: =2,71'; 

TIME RATE OF CONSOLIDATION 

Hdr 
Cv 

Time Uav Tv 
(tetdal'.} 

10 0.01 8.7 0.6 1 

20 0.03 8.7 0.6 4 

30 0.07 8.7 0.6 9 

40 0.13 8.7 0.6 16 

50 0.20 8.7 0.6 25 

llaz' O't' 

~ ~ 
7375.1 7646.1 

3) C, = w/1 000 

4) e0 = Gs'w/1 00 

100 

90 

80 

c 70 
~ 

c 

DODD00000045878 [PID No. 19415 

!computed JSA [oate 3/17/2008 

I Checked DMV [oate 3/28/2008 

I sheet 2 [ot 2 

Overlyconsolidated Soil (cr'0<cr'0 ) 

S =I [ Cr ·H ·log(~]] 
l+eo O"o 

O'c' cc 
~ 

7646.1 0.15 

c, eo S 

0.02 0.413 0.134 

0.134 ft 

Total Settlement 1.608 in 

Time Rate of Consolidation 

/ 
L 

/ Q) 60 60 0.29 8.7 0.6 37 E / Q) 50 70 0.40 8.7 0.6 51 ~ 

iii 
80 0.57 8.7 0.6 72 U) 

8.7 0.6 107 'iii 
90 0.85 0 

99.9 2.71 8.7 0.6 343 1-

Note: 

1) Cv from DLZ Subsurface Investigation 

Embankments Project SCI-823-6.81 (Sta 487+00). 

Uav 

Time to reach 0.5 in settlement remaining: 69 

J 40 

I 30 
I] 

20 

10 

0 

0 50 

............... 

100 150 200 

Tv 

0.39 ............ 

Days 

Time 

49 

250 300 

days 

350 



Bridge No.I SCI-823-0917 -L Rear Abutment (Short-Term/Long-Term) 
c:\documents and settings~uanders\desktop\portsmouth\portsmouth sta~ility runs\bridge no. sci-823-0917-1 stability runs\rear abutment\no key ltst (dlz parameters- 100 year storm).pl2 Run By: Username 4/24/2008 0 

760 

730 

700 

670 

640 

610 

# FS : Soil Soil : Total Satul?ted Cohesion :Friction Pore: Pressure fl'iez. I Loa~ Value 
1 

a 1.241 I Desc. Type I Unit Wt. Unit Wt. Intercept I Angle Pressure Constant Slllrface L1 I 240 psf I 

b 1.263 : No. : (pcf) (p n (psf) : (deg) Para~. (psf) No. 
c 1.281 I Fill 1 I 120.0 12 1.0 0.0 I 35.0 0.001 0.0 W1 
d 1.301 .{>.-4aA-4b 2 : 122.0 12 :.o 0.0 : 29.0 O.oo: 0.0 VV1 

I nit Points: i50. to 130. 
Term Limits: 135. to 280. 

-€- +.J44 -Bedrock-- J- L -'J l:iQ.Q-- -1.{;~1 . .()_- -350Q . .Q- ~ 4l:i,(}..-- Q . .{)QL-- -Q.Q--- -W+- -----L--------~---------~---------L-------

f 1.439 Concrete 4 : 150.0 15~:.o 10000.0 : 0.0 O.oo: 0.0 1W1 
g 1.575 RockToe 5 1 130.0 13~1.0 0.0 1 35.0 0.001 0.0 W1 
h 1. 711 

1.734 
1.774 

• I 

L1 
I I I I I 9. }()1 }}I I ]2 ~ 

------- -1--------- -I--------- -fl--------- +---------I--------- -l--------- J--' '7' ... + ~ . 3 

h 

--1---1 -----~--- : 

'i:~ J:~~S:t~M +- T('r_d_ 
- ~ - _n~&s:z:3 l 
--- -]- ____;_ - ~--------

_.: _____ !_ 

~2 I .? I - ~ - - - -

3 I 

I I -------,---------r--------

I 

I 

I 
I I I I t I 

---------T---------r--------,---------r--------~---------T-----------------

580 ~-------~---------~--------~---------+---------~--------~---------~--------~---------+---------L ______ _ 

550 
0 30 150 180 210 240 270 300 330 

GSTABL7 v.2 FSmin=1.241 
fety Factors Are Calculated By The Modified Bishop Method 

GSTABL 



Bridge No. S<j:;l-823-0917 -L Rear Abutment (Short-Term/Long-Term) 
c:\documents and settings~uanders\desktop\portsmouth\portsmouth stability runs\bridge no. sci-$23-0917-1 stability nuns\east abutment\add 10' x 10' shear key to toe (100 year stonm high water)\east abutment- st (dlz parameters) 8'x8' key.pl2 Run By: Username 3/28/2008 1 

760 
# FS 
a 1.315 
b 1.340 
c 1.344 
d 1.351 

b
1 Soil Soil \Otal Saturate :Cohesion Frictiqn Pore Preisure Piez. II : Load VaJue 

esc. Type Unit Wt. Unit Wt. 1 Intercept Angle Pressure Constant Surface 1 LI 240ipsf 

No. (pcf) (pcf) : (psf) (deg) Param. (Rsf) No. ' 
Fill 1 1125.0 128.0 I 0.0 35.0 0.00 01.0 W1 

A~4aA-4b 2 1~0.0 123.0 : 0.0 29.q 0.00 o:.o W1 I 

!nit Points: 30. to 90. 
Term Lithits: 95. to 299. 

730 H- .e_1.35I_ 
f 1.358 

__B_e.drock __ 3 __ J 6Q.O __ J.50.D_..! _3.5.DO..D ___ 4.5...0 ___ 0...00 ____ Qi.Q ____ W1_ 
C(mcrete 4 1~0.0 150.0 : 10000.0 0.0: 0.00 o:.o W1 

1 I I 1 
-~---------~----------~-------------------

700 

670 

640 

610 

580 

550 
0 

GSTABL7, 

g 1.374 RockToe 5 1GO.O 135.0 1 0.0 38.0 0.00 0.0 W1 
h 1.377 

1.378 
1.381 Ll 

I 

--------~----------~---------1~----------~---------,----------r-------
8 II 9 

I 
I 

10 I 

.I 

~: 
~ 
1 1§_ 

2 
/-

/-

----r---------,---------

I I I I I 
1 1 1 r r 

--------~----------r-------- ----------~- -------~----------r----- ---~-- -------r---------~---------
1 I I 

! I I I 1 I I 

--------~----------~---------~~----------~---------~----------~---------4----------~---------~---------
l I I I I I I I I 

I I I I 1 1 1 1 

30 60 120 150 180 210 240 270 300 

GSTABL7 v.2 FSmin=1.315 
Factors Are Calculated By The Modified Bishop Method 



Bridge Ncp. SCI-823-0917-L Forward Abutment (Short-Term) 
c.ldocuments and settmgs~uanders\desktop\portsmouthlportsmouth stability runs\brldge no. sci-823-0917-1 stability runslwest abutmentlmodel as shown on plans\west abutment- st (dlz parameters- 2).pl2 Run By: Username 3/28/2008 1 

750 I I . . 

725 

700 

675 

650 

# FS ' Soil Soil' Total Satur?te Cohesion 'Friction Por~ Pressure J!>iez. !II Loa~ Value ' J ' lln1t Polnts:,30. to 95. 
a 1.367 : Des c. Type :unit Wt. Unit Wt. Intercept :Angle Pressure Constant S~rfacell L1 , 240 psf : : Term Limits: 100. to 275. 
b 1.385 : No. : (pcf) (pcrJ (psf) : (deg) Paratil. (psf) :No. ' 
c 1.399 I Fill 1 I 120.0 12:5.0 0.0 I 35.0 0.001 0.0 W1 
d 1.399 .{l.-4aA-4b 2 : 122.0 12s:.o 1 ooo.o : o.o o.oo: o.o ~1 

1-~::~~ ~~t~- -:- :~~~:~-- -~~~:~- -1~oQci~o t ~~--- ~:~~:- --~:~--- ~~~- t -----:--------:---------:--- --- _, __ ---- --
g 1.410 
h 1.416 

1.431 
1.438 

-------~---------~--------~--
' I 

I 

-------~---------~--------~--

/o~) Yi""0fr2 -57~~/vt 
t-1-!~H c>JFn-(f2 

____ _ t~'!r c;_z~ ~3- ~ _______ ~f-: 
I ( I 

\ I 

----l--1 ---I-- -----1----

I 
I I I 

------~---------~--------~---

------T-----

I 

'7 
1/ 

1 I 
I 

-,---------r--------~--------

1 

I \: 

-- I ---:=z--~---r--7_4__ :'~ : I5 __ If-- -------~--0'z---,------- 1 
Wl 2 1 1 2 Wl I I I I 

625 

600 

575 
0 

GSTABL 

lQ • _____ ]l~----------- ----~---------~--------~------24-~ ________ } _______ _ 
3 3 I 3 3 I 

I 

I I 
-------~---------r--------~--

25 50 75 

I 

I 
I I I 1 I I I 

------T---------~--------1---------r--------~---------r--------~--------

' I I 
I I I 

100 125 150 175 200 225 250 

GSTABL7 v.2 FSmin=1.367 
Safetv Factors Are Calculated By The Modified Bishop Method 
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Bridge o. SCI-823-0917..:L Foward Abutment (Long-Term) 
c:\documents and settings~uanders\desktop\portsmouth\portsmouth stability runs\b~idge no. sci-823-0917-1 stability runs\west abutment\model as shown on plans\west abutment -It (dlz parameters- 2).pl2 Run By: Username 3/28/2008 1( 

750 

725 

700 

675 

650 

# FS : Soil Soil : Total Satur?te Cohesion :Friction Pore; Pressure P,iez. I Loa~ Value 1 

a 1.351 ' Des c. Type 'Unit Wt. Unit Wt. Intercept 'Angle Pressure Constant Swrface L1 ' 240 psf 
b 1.360 No. : (pcf) (per) (psf) : (deg) Para~. (psf) :No. 

I nit Points: i30. to 95. 
Term Limits: 1 oo. to 275. 

c 1.363 I Fill 1 I 120.0 123.0 0.0 I 35.0 0.001 0.0 W1 
d 1.363 ,;.,-4aA-4b 2 : 122.0 12S:.o o.o : 29.0 o.oo: o.o ~1 
B- +.Je4- -Bedrock-- a- L -.:J aG.G-- -1~G.-O-- -35.QG.-O- j_ -4BAJ- __ Q.-OG'- __ -G.G ___ -.W+ -j _ _ _ -L --- _____ __j ____ - ____ L _------- -~--------

f 1.370 ~on crete 4 : 150.0 15o:.o 10000.0 : 0.0 o.oo: o.o ~1 1 1 1 1 

g 1.372 
h 1.373 I I 

i 1.375 I I I 

j 1.376 I I 

I I 

- --- - - - ~-- - - --- -- ,_---- ---- -:--------- +------ -- _,_ - - -----: --------- :9- -~- !1' ~ f u I 
1]0 

I I I I I 
-------~---------j---------~---------~---------~--------~---

1 1 I I I 1 

I I I 

~ _-_ ..- _ I ~--------- I t'W ':?"~"!? \yr:,_,,- , · ..._____,, 
I !/. C ~· ~.}!."'i.,._,F • ~·"''"""" ;..-~ I ......,_ 

)if?_,.•'~ ·' d I )-·-'•-r:' I 
1 I fO.-f· v-~·~-r / tl~.f~ I ~) I 

a i 

I 
I 

'7 
I 

1 

11 

------~---------~--------~--------
1 

I I I 
------r--------,---------r--------~--------

1 I 
I 

------- ;r;""-G22. ::i-------- ~:-:---~------ ~- -·---

: -->: r'j/ : ~ 
I __2.. 3 l 4 -'~;:-:<I L ~ '' ~ 17 18 : 19 

625 
~--:-z- --z--;£-- ;----z--;---z-w1--:---z--;------ :----z---;------- 1 

20 2f I _]2 I ).3 24 
3 3 3 3 3 

600 

575 
0 

GSTABLZ 

I 

I 
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25 50 75 100 125 150 175 200 225 250 

GSTABL7 v.2 FSmin=1.351 
Safetv Factors Are Calculated By The Modified Bishop Method 
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