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1.0 INTRODUCTION

This report presents the results of HDR Engineering, Inc.’s geotechnical study for Bridge No.
SCI-823-0837 L, SR 823 over Swauger Valley 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 60-foot high
MSE walls required to retain the roadway embankment and provide lateral resistance for the pile-
supported bridge abutments. 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 Swauger Valley-Minford Road, SCI-823-0.00
Portsmouth Bypass, Scioto County, Ohio” dated September 26, 2006.

The scope of work for this geotechnical study included
e areview of available soil, geologic and existing subsurface information at the site,

site reconnaissance,

®

e the development and performance of a limited subsurface exploration program,

e laboratory testing on selected soil and rock samples in accordance with the requirements
of the ODOT Specifications for Geotechnical Exploration,

e geotechnical engineering evaluations and analysis, and

e 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
terrain. The steep hillsides and slopes located along the proposed alignment are typically wooded
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.

21 Proposed Structure

Figure 1 shows the planned location for Bridge No. SCI-823-0837 L. The proposed bridge is a
387-foot long, 4 span structure designed to carry traffic over Swauger Valley-Minford Road and
Harrison Furnace Creek. The structure will be composed of 72-inch Modified AASHTO Type 4
prestressed concrete I-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 441+02 and Station 444+88, respectively, and are anticipated to
be reinforced concrete stub abutments supported on steel H-piles. Pier 1 will be located at Station
442+00 and Pier 2 at Station 442+95, on the opposite sides of Swauger Valley-Minford Road.
Pier 3 will be located to the west of Harrison Furnace Creek at Station 443+92. 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-823-0837 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-Wharton-Latham, 25 to 40 percent slopes (SfE) — The soils associated with
the Shelocta-Wharton-Latham Association are typically found along steep hillsides.
They are well drained with moderately high to high permeabilities and available water
capacities are low-to-high.—The-parent material for these soils is colluvium over residvorm——————————

and the depth to water table is typically from 18 inches to over 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 moderate
risk of erodibility due to the steepness of the slopes, particularly in regards to the

Shelocta component.

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 Swauger Valley-Minford Road, SCI-823-0.00 Portsmouth
Bypass, Scioto County, Ohio” (DLZ, 2006) located in Appendix B. Please note that the geology
overview indicates that the potentially problematic Minford Silts are present within the project
area; however, these soils 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 432+00 to
Station 442+00 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, and was attributed to erosion from logging activities within the area as well as
intermittent streams running through the valley. No deep seated landslides were observed by
DLZ along the proposed alignment, nor were signs of instability noted at the bridge site by HDR
geotechnical personnel during their site reconnaissance on January 22, 2008.

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. Nine 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 near the proposed
substructure units (see Figure 2), two new borings, designated as B-001-0-08 and B-002-0-08,
were respectively located at the forward and rear abutments of the structure to supplement the
existing information at the site. These test borings were located and staked in the field by
TesTech, Inc. with stations and offsets developed by HDR from the coordinates and elevations

provided.



Drilling and sampling of the new borings was performed on February 5, 2008. An ATV mounted
CME 550 drill rig equipped with a 3%4” inside diameter hollow stem auger was used to advance
the borings. The borings were 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 Borings B-001-0-08 and B-002-0-08 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 Borings B-001-0-08 and B-002-0-08 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

The recovered soil and rock samples were visually classified by an HDR geotechnical engineer
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 11 natural moisture contents (ASTM D 2216), 5 Atterberg
limit determinations (ASTM D 4318), 5 grain size analyses (ASTM D 422), 2 unconfined
compressive strength tests (ASTM D 2166) and 1 one-dimensional consolidation test (ASTM D
2435). 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 8§23 Over Swauger Valley-Minford Road, SCI-
823-0.00 Portsmouth Bypass, Scioto County, Ohio” (DLZ, 2006) located in Appendix B.

5.1 Previous Exploration Programs

Nine test borings were previously drilled at the bridge site as part of DL.Z’s original geotechnical
study for the structure. Based upon review of their geotechnical report, four preliminary structural
borings designated as TR~20 through TR-23 were performed by DLZ between August 3, 2004
and February 24, 2005, and five final structural borings, designated as B-5 through B-9, were
performed between June 15 and 16, 2006. The locations of these nine borings as related to the
current bridge plan are presented in Figure 2.

In general, the previous test borings at the site encountered 1 to 8 inches of topsoil overlying a
relatively thin layer of primarily granular soils. The overburden typically extended from



approximately 1.5 to 7.5 feet below the existing ground surface, and was described as silt (A-4b),
sandy silt (A-4a), and silt and clay (A-6a). SPT N-values ranged from 4 to 56 blows/foot within
the overburden, with the granular soils noted to be medium dense to very dense while the soils
‘'with a more appreciable cohesive component were typically described as medium stiff to hard.

The underlying bedrock was described as very fine to fine grained, argillaceous, micaceous
sandstone. Typically, the sandstone was described as medium hard to hard, moderately to highly
weathered, slightly to highly fractured, and massively bedded with a few laminated zones. The
amount of core recovery varied from 81 to 100 percent, with an average recovery of 94 percent.
The rock quality designation (RQD) for the sandstone ranged between 66 and 100 percent, with
an average RQD of 81 percent. Unconfined compressive strength tests performed on five intact
core samples from the final structural borings indicated unconfined compressive strengths
ranging from 7,966 and 13,418 psi, with an average unconfined compressive strength of 9,783

psi.

5.2 Recent Exploration Program (Forward and Rear Abutments)

————— ————————This-section-summarizes-the-subsurface-conditions-encountered-during- HDR*sfield-exptoration
program. The typed test boring logs and photographs of the recovered rock core for borings B-
001-0-08 and B-002-0-08 are included in Appendix D.

Borings B-001-0-08 and B-002-0-08 encountered 10.1 to 11.2 feet of fine-grained residuum
overlying sedimentary bedrock. The residual soils encountered at the abutment locations were
classified as silt and clay (CL, A-6a), silty clay (CL, A-6b) and silt (CL/ML, A-4b). SPT N-
values within the overburden ranged from 7 blows/foot to in excess of 50 blows/foot, with the

soils becoming more competent with depth.

At Boring B-001-0-08, bedrock was encountered at El. 660.1 and consists of argillaceous
siltstone with an approximate 1.7-foot thick interbed of silty shale encountered from approximate
El 65277 to El. 651.07. The sedimentary rock was described as slightly weathered to
unweathered, with unit RQD values ranging from 82 to 100 percent, signifying very good quality
o rock. The core recoveries were generally good and ranged from 87 to 100 percent, with the lower
recovery rates encountered within the upper rock stratum. At Boring B-002-0-08, the underlying
sedimentary rock consists primarily of siltstone (some argillaceous), with the top of rock
encountered at approximate El. 659.3. The siltstone was described as highly weathered to
unweathered, with the degree of weathering decreasing with depth. Unit RQD values ranged
from 77 to 93 percent, signifying good quality rock, with no core loss reported. The results of
two unconfined compressive tests on intact core samples indicated unconfined compressive
strengths (q,) within the siltstone ranging from 8,833 to 10,336 psi, with an average unconfined

strength of approximately 9,628 psi.

5.3 Summary of Subsurface Conditions

As noted previously, Bridge No. SCI-823-0837 L was modified from two spans to four spans in
order to eliminate the approximate 60-foot high MSE walls required to retain the roadway
embankment and provide lateral resistance for the pile-supported bridge abutments. Several of
the substructure units were repositioned and four new T-type piers added under the new bridge
design; however, the subsurface exploration program as previously performed by DLZ had
already been completed under the original two-span bridge design. As shown in Table 1, these
previously drilled test borings are located from approximately 10 to 40 feet from the currently
proposed substructure locations; therefore, variations in the estimated top of bedrock at the
proposed substructure locations is anticipated.



Table 1: Substructure and Boring Locations
Substructure Associated Borings
Borin Top of Top of
Description Station N begr Station Boring Rock
um Elevation | Elevation
-001-0- 441+05. 0 ft. 2 .
Rear 4414014, CL B-001-0-08 1+05.0, 63.0 ft. RT 670 660.1
Abutment TR-23 | 441+30.3,48.1 ft. LT | 661.0 653.5
Pier 1 441+98.3, CL B-9 441498.6,66.2 ft. LT 647.5 643.5
- 443423, .6 ft. . .
Pier 2 442495.0, CL B-6 43+23.0, 34.6 ft. RT 635.9 629.9
B-8 443+05.8,34.6 ft. LT 638.4 630.9
TR-21 443+67.0,46.5 ft. LT 639.0 637.5
Pier 3 443+91.8, CL B-5 444+30.2,63.3 ft. RT 644.0 642.5
B-7 444+00.8,65.4 ft. LT 658.0 655.5
a - -U- + U1t . .
Forward 444+88.6, CL B-002-0-08 1 444+75.0,72.01t. L'l 670.5 660.3
Abutment TR-20 | 444+69.7,42.1 ft. RT | 650.0 645.0

Table 2 presents the proposed design elevations as noted in the Structure Type Study Report
(KZF, 2008) for the individual substructure units and the top of rock as encountered at the nearby
boring locations. Based on the encountered subsurface conditions, the depth to bedrock varies
from approximately 2 to 11 feet below the existing ground surface at the bridge site. The top of
rock was encountered from approximate El. 629 to El 632 along the valley floor (Borings B-6,
B-8, TR-22) and climbs to approximate El. 660 at both the rear and forward abutments as
currently located on the valley wall (Borings B-001-0-08, B-002-0-08).

Table 2: Design Elevations for Individual Substructure Units

Existing Proposed Approximate Proposed

Substructure Grade at Ground II;OP lglf Depth to 1}?“0.11] (;f

Unit Centerline | Surface At (ET ) Bedrock? C(())I(:zlrlzgte

(Estimated) | Centerline ) (ft) Cap

Rear Abutment El 665.1 ElL 709.9 | 660.1 —653.5 50 to 57 El. 696.57

Pier 1 El 648.3 El 655.0 643.5 12 EL 643.00

Pier2 El 636.9 El. 636.9 | 630.9-629.9 6to7 El. 630.40

Pier 3 (L) El 647.2 El. 6472 | 655.5-637.5 2to3 El 631.20

Pier 3 (R) El 647.2 El. 6472 | 642.5-629.9 2t06 El 631.20

/ft‘)’lﬁ‘:;ﬁt EL 660.7 | EL699.8 |659.3-6450 | 41to55 | EL686.45
Notes: 1. As encountered in the nearest test borings

2. Below proposed ground surface

6.0

ANALYSES AND DISCUSSSIONS

Spread footings and driven piles are viable options for support of Bridge No. SCI-823-0837-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 allowable axial stress of steel H-piles. The results of these and other
related analyses are presented in Appendix E.

6.1 Rear Abutment

As shown in Table 2, the proposed bottom of footing/pile cap for the rear abutment is El. 696.57,
approximately 31 feet above the existing ground surface (at the centerline) and roughly 50 to 57
feet above the top of rock based on borings B-001-0-08 and TR-23. Approximately 40 to 45 feet
of fill will be required to attain the proposed profile grade (El. 709.9) 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 would be located within the fill. As such, steel H-piles driven to
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 achieved 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 ranging from El. 660:1to El.- 653.5 i borings B-001-0-08 and T R=———

23, respectively. The bedrock consists of slightly weathered to unweathered siltstone and
decomposed to slightly weathered, very fine to fine grained sandstone with the degree of
weathering decreasing with depth. Refusal of the driven piles is expected to be obtained
relatively quickly once the top of rock is encountered, with approximately 0.5 to 2 feet of
penetration into the overlying weathered rock anticipated. As such, hardened steel pile driving
tips should be utilized per Section 202.2.3.2.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 of the Standard Specifications for Highway Bridges (AASHTO,
2002), an allowable axial stress of 12.5 ksi (0.25f)) is recommended for a Grade 50 H-pile
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 from 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. As such, it is recommended that the steel H-piles be
installed through pile windows constructed during placement of the approach embankment fills.
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 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. -

6.2 Forward Abutment

As shown in Table 2, the proposed elevation for the bottom of footing/pile cap at the forward
abutment is 686.45 feet, roughly 18 to 30 feet above the existing ground surface and
approximately 27 to 42 feet above the top of rock. The proposed profile grade at the abutment is
El. 699.83, indicating that approximately 30 to 45 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 from El. 659.3 to El. 645.0 at borings B-002-0-08 and TR-20,
respectively. The bedrock consists of slightly weathered to unweathered siltstone and slightly
weathered, very fine to fine grained sandstone. Refusal is expected to be obtained relatively
quickly once the top of rock is encountered, with approximately 4 to 6 inches of penetration
expected. As such, hardened steel pile driving tips should be utilized per Section 202.2.3.2.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 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 7§Fy) 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 from 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. As such, it is recommended that the steel H-piles be
installed through pile windows constructed during placement of the approach embankment fills.
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 Granular Material Type C
(Ttem 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.

6.3 Bridge Piers

Based on the subsurface conditions encountered at the pier locations, bedrock is expected to be
encountered within approximately 2 to 12 feet below final grade at Pier 1, 2 and 3 (See Table 2).
As such, spread footings bearing upon competent rock are considered to be the most feasible
foundation alternative at the bridge piers.

6.3.1 Pierl

The top of rock at Pier 1 is anticipated at approximate El. 643.5 based on test boring B-9.
However, some variation in the bedrock elevation should be expected as the boring is located
approximately 40 feet from the left bridge pier and about 90 feet from the right pier. (See Figure
2.) The bedrock encountered at boring B-9 was described as medium hard to hard, very fine to
fine grained, argillaceous, micaceous sandstone. The sandstone is moderately to highly
weathered and noted to be highly fractured with decomposed argillaceous zones from El. 638.8 to
El 638.5. Based upon the bedrock description provided in the boring log, it is recommended that
the proposed bottom of footing be located at El. 641.5 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 unconfined 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 29 tsf is recommended.

Due to the potential for variations in the top of bedrock beneath the footing from that encountered
in Boring B-9, 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 competent rock,
and the minimum bottom of footing reestablished using Class C concrete. Any overexcavatlon

should be stepped and have a level bottom.

6.3.2 Pier2

Based on Borings B-6 and B-8, the top of rock was encountered from El. 629.9 to El 630.9
across Herﬂ—wﬁh%heﬁedmckﬂemnbedvsmedmhammmwﬁmfmé“gmmedm

argillaceous, micaceous, sandstone. At Boring B-8, the recovery rate was 81% for the first core
run (EL 630.9 to El. 621.9), with SPT sampling terminated at El. 630.9 at a blow count of 50
blows for the last 4 inches of penetration. As such, the 21 inches of rock core that was not
recovered likely represents decomposed to highly weathered sandstone from El. 630.9 to El
629.2. At Boring B-6, several rust stained, low angle fractures were noted from El. 629.1 to El.

628.0.

A recommended bearing elevation of 627.9 at Boring B-8 and elevation 627.4 at Boring B-6 is
provided in the “Report of Subsurface Exploration, Bridge and MSE Retaining Walls, SR 823
Over Swauger Valley-Minford Road, SCI-823-0.00 Portsmouth Bypass, Scioto County, Ohio”
(DLZ, 2006). Based upon review of the boring logs and the previously recommended bearing
elevations, it is recommended that the proposed bottom of footing for Pier 2 be set at El. 627.9 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 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 29 tsf is recommended.

Due to the potential for variations in the top of bedrock beneath the footing from that encountered
in Borings B-6 and B-8, 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 competent rock, and the minimum bottom of footing reestablished using Class C
concrete. Any overexcavation should be stepped and have a level bottom.

6.3.3 Pier3

As shown in Figure 2, Harrison Furnace Creek is located adjacent to Pier 3, with the elevation of
the creek bed at approximate El. 633 and the top of bank at approximate El. 635. The existing
ground surface varies from El. 635 to El. 655 at the pier location, with the top of bedrock varying
from approximate El. 629.9 to El. 655.5 based on borings TR-21, B-5, B-6, B-7 and B-8. The



bedrock was described as medium hard to hard, very fine to fine grained, argillaceous, micaceous
sandstone. The bedrock at boring TR-21 was noted to be highly fractured to broken from El.
637.5 to El 635.1, with a clay filled fracture noted from El. 635.7 to El. 635.6. At Boring B-5,
the bedrock was noted to be highly to moderately weathered with a high angle fracture noted
from El. 640.9 to El. 640.7. The bedrock at boring B-7 was noted to be highly fractured with a
broken zone noted from El. 655.5 to El. 653.0. General information on the bedrock encountered

at B-6 and B-8 is provided in Section 6.3.2.

Given the individual pier locations in relation to Harrison Furnace Creek and the existing bedrock
conditions, it is recommended that the proposed bottom of footing for Pier 3 (L) be located at El.
633.0 or lower. For Pier 3 (R), the bottom of footing should be located at El. 628.0 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, and using the rock descriptions, RQD, and unconfined compression
oSt - data—of-the -bedrock—as-provided-in-DLA s final bering logs—As—shewnin-the-analyses————mreic
presented in Appendix E, a reduced allowable bearing capacity of 29 tsf is recommended.

Due to the potential for variations in the top of bedrock beneath the footing from that encountered
at the test borings, 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 competent rock,
and the minimum bottom of footing reestablished using Class C concrete. Any overexcavation

should be stepped and have a level bottom.

6.4 Bridge 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. It is recommended that the durable rock fill 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 416+00 to 509+50), Project SCI-823-6.81, Phase 1 — Stage 1, Scioto County, Ohio”
(DLZ, 2006), the embankment slope ratios beyond the ends of the bridge were set at 2H:1V.
Stability analyses for the planned embankment 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.

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 Subsurface Exploration, Bridge and MSFE Retaining Walls, SR 823 Over Swauger



Valley-Minford Road, SCI-823-0.00 Portsmouth Bypass, Scioto County, Ohio” and their
“Response to Stage I Geotechnical Review Comments, Phase I’ 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
P | cpsh | o [c@sh| o
. Compacted a
Fill Bmbankment Fill 125 0 35 0 35
Foundation Soil Medium Dense to
(Rear Abutment) Very Dense Silt 120 0 2 0 2
Foundation Soil Medium Dense to
(Forward Abutment) { Very Dense Silt 120 0 29 0 29
Bedrock Sandstoneand | 13, | 3500 | 45 | 3500 | 45
Notes: Embankment fill will consist primarily of excavated rock (per DLZ reports)

The stability analyses were performed using the software package GSTABL7 with STEDwin.
This program is a Windows version of the computer program STABL 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 for the planned 2H:1V embankment slopes are presented in
Appendix E. As shown in Appendix E, the slopes are stable under both short and long-term
conditions, exceeding the ODOT standard minimum required factor of safety 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 45
feet of compacted fill is expected at the centerline of the rear abutment, and over 38 feet of fill at
the centerline of the forward abutment. The magnitude of the embankment settlement will be a
function of the consolidation 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 5 to 6 inches
of settlement at the rear abutment and 4 to 5 inches of settlement at the forward abutment can be
expected. However, it is anticipated that most of this settlement will occur with load application

during construction.
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Settlement analyses were performed at Station 441+01 and Station 444+89 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 2.2 inches at Station 441+01 and
approximately 1.0 inch at Station 444+89. The time needed to reach 90% consolidation is

estimated at 130 to 106 days respectively.

Due to the estimated 1.0 to 2.2 inches of 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 3 months from completion of the embankments to
progress to the point where less than ) inch of settlement has yet to occur (the point at which
loading due to downdrag is no longer a concern). As such, the embankments should be
quarantined and monitored for a minimum of 90 days to allow the settlement to take place prior
to the 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 90 days.

6.4.3  Settlement Monitoring

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 % 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
R 440+60, 40 feet LT Roadway Shoulder
ear
440+75, 40 feet RT Roadway Shoulder
445+20, 40 feet LT Roadway Shoulder
Forward
445+30, 40 feet RT Roadway Shoulder

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 90 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 90 day period, than the quarantine period should be extended as appropriate.

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 designs.
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Foundation Design

Table 5 provides a summary of the foundation design parameters for Bridge No. SCI-823-0837 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 spread footings are recommended at the bridge piers.

Table 5: Summary of Foundation Design Parameters

Substructure Rear Forward Pier 1 Pier 2 Pier 3 Pier 3
Unit Abutment | Abutment (L) (R)

. Driven Driven Spread Spread Spread Spread
Foundation Type Piles Piles Footing | Footing | Footing | Footing
Proposed Bottom
of Footing/Pile 696.57 686.45 641.5 627.9 633.0 628.0
Cap (EL)

Top of Bedrock 660.0 to 659.0 to 6435 631.0to | 655.5t0 | 642.5t0
(EL) 65375 64570 6300 6375 630.0
Estimated Tip 659.5 to 658.5 to

Elevation (EL) 651.5 644.5 NA NA NA NA
Estimated Pile

Length 2 42 ft 36 ft NA NA NA NA
Allowable Axial | 1)s1si | 125ksi | NA NA NA NA
Stress ™

Allowable NA NA 30t | 30tst | 30tsf | 30tsf
Bearing Capacity

Notes: 1. Average Length based on encountered bedrock elevation at the test boring locations

2. Includes 1-foot embedment into cap

3. Allowable horizontal or lateral load to be developed in battered piles
4. Allowable Axial Stress does not include section loss due to corrosivity
5. NA = not applicable

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 1/16 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 42 feet is anticipated based on the encountered subsurface
conditions at Borings B-001-0-08 and TR-23, 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

12



7.1.2

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 pef 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.

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 1716 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 36 feet is anticipated based on the encountered subsurface
conditions at Borings B-002-0-08 and TR-20, 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.

Pierl

7.1.3

It is recommended that the pier be supported on spread footings bearing on rock. A
bottom of footing elevation of 641.5 is recommended based on the subsurface conditions
encountered at Boring B-9.

The footings should be designed using an allowable bearing capacity of 29 tsf. For cast-
in-place footings on sound bedrock, a friction factor of 0.7 recommended. Settlement of
the pier footing is expected to be nominal.

Due to the potential for variations in the top of bedrock beneath the footing from that
encountered in Boring B-9, 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 material 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.

13



As the approach embankment will be placed prior to construction of the substructure
units, an excavation of approximately 16 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.

. Pier 2

7.14

It is recommended that the pier be supported on spread footings bearing on rock. A
bottom of footing elevation of 627.9 is recommended based on the subsurface conditions
encountered at borings B-6 and B-8.

The footings should be designed using an allowable bearing capacity of 29 tsf. For cast-
in-place footings on sound bedrock, a friction factor of 0.7 recommended. Settlement of
the pier footing is expected to be nominal.

Due to the potential for variations in the top of bedrock beneath the footing from that
encountered in Borings B-6 and B-8, 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

7.1.5

7.1.6

material should be Temoved 1o competent Tock, and the minimum bottom of footing
reestablished using Class C concrete. Any overexcavation should be stepped and have a

level bottom.

Pier 3

Based on the subsurface conditions encountered at Pier 3, it is recommended that the pier
be supported on spread footings bearing on rock. Given the individual pier locations in
relation to Harrison Furnace Creek, the sloping bedrock surface at the pier locations, and
the subsurface conditions encountered at borings B-5, B-6, B-7, B-8 and TR-21, it is
recommended that the proposed bottom of footing be located at El. 633.0 for Pier 3 (L)
and at El. 628.0 for Pier 3 (R).

The spread footings should be designed using an allowable bearing capacity of 29 tsf. A
friction factor of 0.7 is recommended for cast-in-place footings on sound bedrock.
Settlement is expected to be nominal.

Based on the existing ground surface at the site, an excavation of approximately 17 to 22
feet through soil and rock is expected in order to place the bottom of the footing at a
consistent elevation. As such, the footing excavation for Pier 3 may require temporary
shoring, particularly on the upslope side of the excavation.

Due to the potential for variations in the top of bedrock beneath the footing from that
encountered in the test borings, 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 material
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.

Temporary Construction Issues for Excavations

All temporary excavations at the site should comply with the requirements of OSHA 29 CFR,
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.

14



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 Swauger Valley-Minford Road, SCI-
823-0.00 Portsmouth Bypass, Scioto County, Ohio” (DLZ, 2006), seepage and/or groundwater
was not encountered in any of the previous borings performed at the site. However, 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 Harrison Furnace Creek. As such, the Contractor should anticipate that
the pier foundation excavations will likely require dewatering. Any excavations near Harrison
Furnace 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,
Embankments (Station 416+00 to 509+50), Project SCI-823-6.81, Phase 1-Stage 1, Scioto

County, Onio” (DLZ, 2006) with the Tollowing exceptions.

e 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.

e It is recommended that the rear and forward approach embankments incorporate special
benching in accordance with ODOT’s Office of Geotechnical Engineering “Geotechnical
Bulletin GB2 - Special Benching and Sidehill Embankment Fills” as the existing hillsides
are steeper than 4H:1V. Per GB2, the special benching is to be 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 G110 from the ODOT
Location and Design Manual, Volume 3 needs to be included in the General Notes.

e 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 a minimum of 90 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 90 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 90 day period, the quarantine

period should be extended as appropriate.

8.0 LIMITATIONS

This report documents the findings and conclusions of HDR Engineering, Inc., for the
geotechnical aspects related to the design of the proposed bridge No. SCI-823-0837L crossing
Swauger Valley-Minford Road 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
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with generally accepted engineering practice. 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 SWAUGER VALLEY - MINFORD ROAD
SCI-823-0.00 PORTSMOUTH BYPASS
SCIOTO COUNTY, OHIO

1.0 INTRODUCTION

This report includes the findings of evaluation 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 Swauger Valley — 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 Swauger
Valley — Minford Road (CR-31). The two structures as planned, are two-span structures using
MSE walls to hold back the roadway embankments and contain the abutments.

ation 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 purpose of this explor

has planned and supervised the performance of the geotechnical
and prepared this report in accordance with
No other warranties, either expressed or

The geotechnical engineer
engineering services, considered the findings,

generally accepted geotechnical engineering practices.
implied, are made as to the professional advice included in this report.

2.0 GENERAL PROJECT INFORMATION

1 location of the bridge structure for the proposed SR 823 over
Swauger Valley — Minford Road has not changed from the approved location, as shown on the
Plan and Profile drawing in Appendix L. It is understood that MSE walls will be placed at
approximate stations 442+17 and 444+06 to contain the abutments and hold back the roadway
embankment for the proposed SR 823. Furthermore, it is understood that pile foundations will

be used to support the abutments of the proposed structures.

It is understood that the pla

Jan and profile drawing, it is assumed that the maximum height of the
embankment at stations 442+17 (Rear Abutment) and 444+06 (Forward Abutment) will be
approximately 63.0 and 58.5 feet, respectively. Those heights are based upon the maximum
difference between the proposed grade of SR 823 and the approximate existing grade along the

Swauger Valley — Minford Road.

Based upon the structure p



. The field exploration consisted

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

in part of five final and four preliminary structural borings.
Borings B-5 through B-9 were drilled for the final bridge plan, essentially consisting of proposed
SR 823 passing over the Swauger Valley — Minford Road (CR-31). The borings were drilled

between June 15 and 16, 2006. Preliminary structural borings (TR-20 through TR-23) were
desion_configuration. The preliminary borings were drilled between

drilled for a previous—aesig
24, 2005. A boring plan is presented In Appendix I Boring logs

August 3, 2004 and February
for borings TR-20 through TR-23, and B-5 through B-9 are presented in Appendix II.

Information conceming the drilling procedures is also presented in Appendix IL

-9 and TR-22 are considered most representative of the conditions

Final Borings B-5 through B
Other preliminary borings are included for informational purposes.

near the proposed structures.

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). It should be noted that as-per-plan coordinates and
elevations were used for borings B-5, B-7, B-9, and TR-21 in lieu of as-drilled survey

information.
4.0 FINDINGS

4.1 Geology of the Site

The area of this structuré is characterized by gently sloping to steeply sloping
topography. The project area 18 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 stecp slopes. At the forward abutment residual and lacustrine soils
were encountered. Lacustrine soils in this area are commonly known as “Minford Silts”
or the Minford Complex. These deposits were formed during the early to middle
Pleistocene age when the northward flowing Teays River system was blocked by the
southward advance of the Kansan aged ice sheets. As the glaciers advanced, the course
of the Teays River was blocked south of Chillicothe and a large lake was formed from the
impoundment of the waterways. As 2 result of the impoundment, vast quantities of
sediments were deposited ranging from 10 o 80 feet in thickness, thinning towards the
margins. Bedrock within the structure area is primarily sandstone of the Logan



f the Pennsylvanian Breathitt Formation can
f the structures roughly above elevation 880.
overed by a thin soil overburden ranging in

Formation of Mississippian age. Bedrock o
be found at the top of the slopes to the west 0
In the area of the structure, the bedrock was ¢
thickness between 1.5 and 7.5 feet.

4.2 Subsurface Conditions

The following sections present the generalized subsurface conditions encountered by the
borings. For more detailed ‘nformation, refer to the boring logs presented in Appendix IL
Laboratory test results are presented on the boring Jogs and also in Appendix IIL

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-20, TR-21, B-5, and B-7 were drilled for the west (forward)
sbutment. Borings TR-22, TR-23, and B-9 were drilled for the east (rear)
abutment, while borings B-6 and B-8 were drilled for the piers.

Borings TR-20, TR-22, B-5, B-7, and B-9 encountered surficial material
consisting of 1 to 8 inches of topsoil. The topsoil in borings B-5, B-7, and B-9
was underlain by bedrock. Borings TR-20 through TR-23, B-6, and B-8§,
encountered native cohesive and granular soil deposits below the surficial
material or the ground surface. The cohesive deposits consisted mainly of
medium stiff to hard silt and clay (A-6a), Stff to hard sandy silt (A-4a), very stiff
silt (A-4b), while the granular soil deposits consisted mainly of loose gravel (A-1-
a) and very dense sandy silt (A-4a). The native soil deposits extended to an
approximate depth ranging between 1.5 and 7.5 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 of medium hard to hard, slightly to highly weathered, slightly
to moderately fractured sandstone. The amount of rock recovered in each core
run varied between 81 and 100 percent. The rock quality designation (RQD) of
the bedrock ranged between 17 and 100 percent with an average of 81 percent

indicating good rock.

Unconfined compressive strength of tested cores ranged between 7,966 psi and
13,418 psi. The tested cores correspond to samples at depths between 3.5 feet and
18.5 feet below the ground surface. A summary of the unconfined compressive
strength of the tested cores s shown in Table 1, on the following page.



Table 1-Unconfined Compressive Strength Results

Unconfined
Boring Depth (ft) Compressive Strength
(psi)
B-5 3.5-4.0 8,382
B-6 18.0-18.5 13,418
B-7 6.5-7.0 7,966
B-8 17.0-17.5 10,997
B-9 7.2-1.17 8,153

n

4.23  Groundwater Conditions

y boring during drilling. 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-6 and
B-8 upon the completion of coring between approximate depths of 0.5 and 12.5
feet. Boring TR-21 was drilled in a streambed and hence was completely

Seepage was not encountered in an

submerged in water.

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-term 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 bearing on rock have been evaluated. On the other hand, the site is well suited
for the use of MSE wall 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 1s not
anticipated to be a concerm at this site. However, if these forces are determined to

be significant, Jonger socket lengths may be required.

relatively small rigidity of the steel pipe piles compared to drilled

DUC to {he ICiat ]
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 pile
foundation system may be a concermn 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 ‘n 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 of 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 conditions. Although the borings did not encounter
significant seepage, water could flow into the drilled shafts during installation
particularly below the stream Jevel 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 secpage 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 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 bedrock or granular fill placed on bedrock. As such, the
anticipated settlements of spread footings bearing on the fill are anticipated to be

negligible.

5.1.2 Piers

1 be constructed on the rock encountered by the borings to

Spread footings ca
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).

s 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 of the Geotechnical Engineer should field verify that
the drilled shafts are founded on competent bearing materials and the installation

procedures meet specifications.

Iti

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 ensure appropriate drilled shaft construction
practices are followed. See section 5.1.1 for more information.

Table 2 below 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
boring locations only. Variations in the elevat

encountered should be anticipated.

Table 2-Summary of Foundation Recommendation

below indicate the elevations at the
ion at which competent bedrock is

5.2

It is understood that MSE walls woul
Recommendations

the abutments.
uld be constructed

sections. The MSE wall sho
report and in conformance wi

Existing A .
Structur | Structur Ground . pprox.lmate Allowable
Foundation Bearing .
al el Surface Ty Elevati Bearing
Element | Borin Elevation ype evation C it
g 0 (Feet) apacity
(Feet)
Left/ . Pipe Piles 636.5 * Pile Capacity” "
R.0 647.5 Drilled Shafts 636.5 * 80 ksf™
Rear Spread Footings MSE Fill** 4 ksf
Abutment | p. L Pipe Piles 625.2 % Pile Capacity”
TE22 636.2 Drilled Shafts 625.2 * 80 ksf™
| Spread Footings MSE Fill** 4 ksf
Left/ 638.4 Spread Footings 6279 80 ksf
Pier B-8 ) Drilled Shafts 622.9 * 80 kst
Right/ 635.9 Spread Footings 6274 80 ksf
B-6 ' Drilled Shafts 622.4 * 80 ksf™"
Left/ . Pipe Piles 647.0 * Pile Capacity”
B.7 658.0 Drilled Shafts 647.0 * 80 ksf™"
Forward Spread Footings MSE Fill** 4 ksf
Abutment | oo Pipe Piles 635.5 * Pile Capacity”™
B.5 644.0" Drilled Shafts 635.5 * 80 ksf™
Spread Footings MSE Fill** 4 ksf

alternative is selected.

*+ Ground surface elevation was estimated fro
lieu of as-drilled survey information.
+ Pile capacity should conform to OD

++ End bearing capacity only.

Mechanically Stabilized Earth (MSE) Retai

¥ Includes 5-foot socket into competent rock.
** Bearing elevation should be determined by a qua

OT BDM 202.2.3.2.

52.1 MSE Walls: General Information

An MSE retaining wall essentia
Jayers of metal or plastic rel
The MSE wall and associate
the specifications of the manufa

nfo

lified engineer as the foundation

m the established topographic mapping in

ning Wall Recommendations

d be used to construct the embankments and contain
for the MSE wall are presented in the following
per the recommendations presented in this

th the manufacturer’s specifications.

1ly consists of good quality backfill material with
rcing that are attached to concrete facing panels.
d backfill should be constructed in accordance with
cturer 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 anderstood 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.

Calculations for bearing capacity, sliding, and overtuming 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 wnit
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
(pcf) c $ c' ¢’
reimforced Fill | Compacted 0} 0 | 34 0 | 34
Granular Fill
Compacted
Retained Soil Embankment 120 0 30 0 30
Fill
Foundation Soil Compacted
(Rear Abutment) Granular Fill 120 0 34 0 34
Foundation Soil Compacted
(Forward Granular Fill 120 0 34 0 34
Abutment)

5.2.2 MSE Wall Evaluations and Recommendations

The MSE wall at the rear abutment (station 442+17) is understood to have a
maximum height of approximately 63 feet. The overburden in this area is very
thin. It is recommended that the Jeveling pad be extended to bedrock or soil be
excavated to bedrock and replaced with compacted granular fill to the leveling
pad elevation. If founded on bedrock, no embedment into the rock is required.
The compacted granular fill below the leveling pad should be aggregate base
conforming to CMS Item 304. 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. In all cases, the



thickness of the unreinforced concrete leveling pad shall not be less than 6 inches
conforming to ODOT BDM ltem 204. In addition, because the wall will be
founded on or near bedrock, stability should be adequate. For stability,
calculations have shown that a minimum reinforcement length of (H+D) times
0.7, or 44.1 feet, must be used for 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 10
vary significantly. If soft soils are encountered while excavating for the MSE
wall-leveling pad, these soils should be removed and replaced with compacted
granular fill. In areas where compacted granular fill is to be placed on bedrock, a
Jevel bench must be cut into the rock to place the fill for stability purposes.

The MSE wall at the forward abutment (Station 444+14) is understood to have a
maximum height of approximately 58.5 feet. The overburden in this area is
relatively thin (1.0 to 4.5 feet). It is recommended that the leveling pad be
extended to bedrock or soil be excavated to bedrock and replaced with compacted
granular fill to the Jeveling pad elevation. If founded on bedrock, no embedment
‘nto the rock is required. The compacted granular fill below the leveling pad
should be aggregate base conforming to CMS Item 304. 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. In all cases, the thickness of the unreinforced concrete leveling pad shall not
be less than 6 inches conforming to BDM Item 204. In addition, because the wall
will be founded on or near bedrock, stability should be adequate. For stability,
calculations have shown that a minimum reinforcement length of (H+D) times
0.7, or 41.0 feet must be used for the proposed MSE wall at this location.

It should be noted that the foundation Jeveling pad of the MSE wall at the forward
abutment is in close proximity to a creek, which is running essentially parallel to
Swauger Valley — Minford Road. The approximate elevation of bedrock under
the MSE wall at the forward abutment ranges from 642.5 to 654.5 feet, which is
near the bottom of the creek at elevation 631. If scour and erosion near the toe of
the MSE wall are a concern, then slope protection should be provided with riprap.

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
compacted granular fill foundations. Drawings illustrating the typical soil and

rock benches are presented in Appendix IV.

summary of the results of calculations, and MSE

A summary of soil properties,
d in Tables 4 and 5 on the following pages.

retaining wall parameters are presente



Table 4-MSE Retaining Wall Parameters and Analyses Results
(Rear Abutment)
Borings TR-23 & B-9

Retained Soil (New Embankment)
Unit Weight = 120 pcf

Coefficient of Active Earth Pressure (X)) =0.33
(Basedon @ = 302)

S]idine along base of MSE wall
Sliding Coefficient (44)(0.67) = tan 34°(0.67) = 0.45
Use (4)(0.67) ~0.55 as a maximum value as per AASHTO, BDM, 303.4.1.1

Undrained Condition

Allowable Bearing Capacity ndr

Qanl = 15,893 psf

Allowable Bearing Capacity — Drained Condition
Qal = 15,893 psf

Global Stability
Factor of Safety — Undrained Condition > 1.5 (Founded on Bedrock)

Factor of Safety — Drained Condition > 1.5 (Founded on Bedrock)

Factor of Safety — Seismic Condition > 1.3 (Founded on Bedrock)

Estimated Settlement of MSE volume
Total settlement =0 inches
Differential settlement < 1/100

Approximate Maximum Height of MSE Wall = 63.0 feet
Approximate Embedment Depth = 0.0 feet (B edrock)

Minimum Length of Reinforcement for External Stability = 44.1 feet



Table 5-MSE Retaining Wall Parameters and Analyses Results
(Forward Abutment)
Borings TR-20 & B-5

Retained Soil (New Embankment)

Unit Weight = 120 pcf

Coefficient of Active Earth Pressure (Ko =0.33
(Based on @ = 309)
Sliding along base of MSE wall

Sliding Coefficient (()(0.67) = tan 34°(0.67) = 0.45

Use (1.)(0.67) =(.55 as a maximum value as per AASHTO, BDM, 303.4.1.1

drained Condition

Allowable Bearing Capacity= Ynd
Qan = 14,734 psf

Allowable Bearing Capacity = Drained Condition
Qan = 14,734 pSf

Global Stability
Factor of Safety — Undrained Condition > 1.5 (Founded on Bedrock)

Factor of Safety — Drained Condition > 1.5 (Founded on Bedrock)
Factor of Safety — Seismic Condition > 1.3 (Founded on Bedrock)

Estimated Settlement of MSE volume
Total settlement = 0 inches
Differential settlement < 1/100
Approximate Maximum Height of MSE Wall = 58.5 feet
Approximate Embedment Depth = 0.0 feet (Bedrock)

Minimum Length of Reinforcement for External Stability = 41.0 feet

5.3 Groundwater Considerations

Water seepage was not encountered in any of the borings

prior to adding drill water. Representative final water leve
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 excavations.

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

_ Groundwater was not noted
Is could not be obtained due to



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 t0 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
be locations-conform to the plan location. This may be accomplished through

t
TrICTOCaTIork

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 Servic

e to you on this project. Please do not

hesitate to call if you have any questions concerning our report.

Respectfully submitted,

DLZ OHIO, INC.

S P

Steven Riedy
Geotechnical Engineer

s oD

Wael Alkasawneh, P.E.

)

Geotechnical Engineer

st

M:\proj\OIZ]\3070.03\Slability Analyses\Documents\MSE Wall letters\05 Swauger Valley - Minfo
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APPENDIX I
General Information — Drilling Procedures and Logs of Borings
Legend — Boring Log Terminology
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 of ATV-mounted drill rig.

Drive split-barrel sampling was performed in 1.5 foot increments at intervals not exceeding

= feet. In the event the sampler encountered resistance to penetration of 6 inches orless
twas discontinued Standard

after 50 blows of the drop Rammer, the sampfingincrement-w
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.

es were visually classified by a geotechnical engineer. Moisture
fine-grained soil samples were determined. A limited number of
tative of foundation materials present, were selected for
d plasticity characte ristics tests. The results of these

In the laboratory all sampl
contents of representative
samples, considered represen
performance of grain-size analyses an
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 this report therefore contain both factual and interpretative

information and are not an exact copy of the field I?g.

Although it is considered that the borings have disclosed information generally
representative of site conditions, it should be expected that between borings conditions
may occur which are not precisely represented by any oné 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.

stored at our laboratory for a period of six months. After this

Soil/rock samples will be
discarded, unless notified to the contrary by the client.

period of time, they will be

S:Geol\FarmsiGeneral info English.doc




LEGEND - BORING LOG TERMINOLOGY

Explanation of each column, progressing from left to right

Depth (in feet) — refers o distance below the ground surface.

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

(N) — the number of blows required to drive a o.inch 0.D., 1-3/8 inch 1.D., split-barrel sampler, using a 140-
30-inch free fall. The blows are recorded in B-inch drive increments. Standard penetration resistance is
for one foot of penetration by summing the second and third 6-inch increments

standard Penetration
pound hammer with a
determined from the total number of blows required
of an 18-inch drive.

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

increment.

The length of the sampler drive is indicated graphically by horizontal fines across the «Standard Penetration” and “Recovery”

1
columns.
5. Sample recovery from oach dnive 78 indicated mumerically inthe-eolumn-headed “Recovery’.
5. 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.
3, Sample numbers are designated consecutively, increasing in depth.
3. Soil Description

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

Granular Soils — Compactness

Blows/Foot
Term Standard Penetration
Very Loose 0-4
Loose 4-10
Medium Dense 10 - 30
Dense 30-50
Very Dense over 50

Cohesive Soils — Consistency

Unconfined Blows/Foot

Compression Standard
Term tons/sq ft. Penetration Hand Manipulation
Very Soft less than 0.25 below 2 Easily penetrated by fist
Soft 0.25 - 0.50 2-4 Easily penetrated by thumb
Medium Stitf 0.50-1.0 4-8 Penetrated by thumb with moderate pressure
Stift 1.0-20 8-15 Readily indented by thumb but not penetrated
Very Stift 2.0-4.0 15 - 30 Readily indented by thumb nait
Hard over 4.0 over 30 Indented with difficulty by thumb nail

b. Color - f 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. H 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 Size Description Size

Boulders Larger than 8" Sand - Coarse 2.0 mm to 0.42 mm

Cobbles 8"to 3" — Fine 0.42 mm to 0.074 mm

Gravel - Coarse 3" to %" Sift 0.074 mm to 0.005 mm
- Fine %" to 2.0 mm Clay 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 0to 10%
little 10 to 20%
some 20 to 35%
“and” 3510 50%
f.  Moisture content of cohesionless soils (sands and gravels) is described as follows:
Term Relative Moisture or Appearance
Dry No moisture present
Damp tnternal moisture, but none to little surface moisture
Moist Free water on surface
Wet Voids filled with free water
g. The moisture content of cohesive soils (silts and clays) is expressed relative to-plastic properties.
Term Relative Moisture or Appearance
Dry Powdery
Damp Moisture content slightly below plastic limit
Moist Moisture content above plastic limit but below liquid limit
Wet 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 Description '

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

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

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

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

Very Hard Can be broken only by heavy and in some rocks repeated hammer blows.

b. Rock Quality Designation, RQD - This value is expressed in percent and is an indirect measure of rock soundness. It is
obtained by summing the fotal length of all core pieces which are 4t least four inches long, and then dividing this sum by the

total length of the core run.

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,

{he moisture content is indicated graphically.

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

MSE-Wall.Stability Analysis Results

MSE Wall Beanng Capacity and Sability Calculations

Drilled Shaft — End Bearing and Side Friction Calculations




Client  TranSystems JOB NUMBER 0121-3070.03

. , r SUBJECT
JD I 2 , Project SCI 823-0.00 SHEET NO. ) oF 4
Beering Capacity (Rear Abutment) ] COMP. BY SJR DATE 9/25/06

ltem
05 - 823 over Sweuger Valley-Mintord Rd TR-20 CHECKEDBY M A DATE 9 {25/0(,
Bedrock / Granular Fill Foundation
BEARING CAPACITY OF AMSE WALL (non-coped)
Rel: {AASHTO; STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES, 17th Edition, 2002}
Soil Properties
_— TRAFFIC LOADING | ywse = 120 pef  unit weight EMB/MSE
‘§ * ‘ i O'vse = 30 deg. friction ang. embankment
L‘L__ : Y FON = 120 pcf unit weight foundation soil
EMBANKMENT 1 ’ . .
MBANIKM — REINEORCED | CrDN = 0 psf cohesion undrained
EiLl S :
. ZONE ‘ : 0N 34—deg friction-ang. undrained
T L H I = 0 psf cohesion drained
;—4—* | O N = 34 deg. friction ang. drained
p ——— ; :
] %
! ; £ ; Loads and Parameters
III : I ‘EO ‘
N \ \ AN r NN \}\
R — S S et = 240 psf  traffic loading
e —w=— ' -—o| D~
. L=B = 441 ft length of mse block
| W L factor = 0.7 Length factor-range (0.7 - 1.0)
- L D = 0 fi embedment depth
Effective Bearing Pressure Dw = 0 ft groundwater depth
o = W+ W, H+D = 63 fi
v _ Gy = 10.238 psf H = 63 ft height of wall
L—2e g
Ka = 0.33
Ultimate undrained bearing capacity, g .. [ Pa = 21 At moment arm
| r wt = 315 fi moment arm
=cN +0,N, +—VBN '
Gyu7 = €N 1 OplY, 27 Y qur = 39,733 psf B = 3360 fi
7! = 57.6 pcf
— Huer
daet="pg Qur = 15,893 psf
W, = 10,584 1b/ft of wall
Facior of Safety = 3.88 OK Wose = 333.396 Ib/fiof wall
Ullimate drained bearing capacity, g Bearing Capacity Factors for Equations
] Undrained Drained
_— 5 ]
Guiy = N+ 0N+ BN gy = 39733 psf N, 42.16 N, 42.16
Nq 29.44 N, 2944
_Yuerr 1
are ™ pg Qat = 15,893 psf N, 41.06 N 41.06
Factor of Safety = 3.88 OK ' Eccentricity of Resultant Force Kern
- - - v 2 2R ft




TranSystems 0DOT D-9 JOB NUMBER 0121-3070.03

> SUBJECT  Client
L Z Project  SCI823-0.00 Poricmouth Bypass SHEET NO. 2 OF H
lem MSE Wall Stability (Rear Abutment) COMP.BY SJR DATE 09/25/06
05 - 823 over Swauger Valley - Minford Rd CHECKEDBY | sMfi DATE q }25 oly
Bedrock / Gran Fill
STABILITY OF MSE WALL
Assumptions: Wall Properties Foundational Soil Properties
1 Estimated height of embankment; H=63' H4D = & c cohesion
2 tis zesumed that the bridge is supported on piles Ymse = ¢ fricion angle
L = Wy = 240 psf traffic loading

3 Ground water; Dw=0.0'

Embankment Soil Properties

4 Traffic lozding is neglacted in reisting forces

5 Range (0.7-1.0) c = psf cohesion
¢ = deg friction angle
RESISTANCE AGAINST SLIDING ALONG BASE
. 1
Thrust: P =K, [_ 7H2 + a)TH}
2 TRAFFIC LOADING
where; 5 ¢ K, = 0.33 I '
K, =tan (45-=) I
2 ; E T
P, = 83,576  Ibs per foot of wall [ £ }
EMBANKMENT 7| =
FILL ,’, : RE NFORCED -
Resistance: P, = W(0.67)(x) (Drained) ;o ZoNE =)
e . ,——»—-i———— ;
T ——fo—m E
where; y:lar(gb) 0671 = 0.45 . 3
0.67u Max. = {AASHTO, Bridge Design Manual. 303.4.1.1] P ’ »————-E——- %
P, = 150028 Ibs per foot of wall ] i
USE THIS VALUE SRR =
i O,
P = L(c) (Undrained) !W
P, = 0 ibs per foot of wall t
Use Drained Value
p Calculated Regquired Resistance Against Sliding is
FS== FS = 1.80 FS = 1.0
L - RESISTANCE AGAINST OVERTURNING
* Summation of Moments about point "O" (base of wall).
* Traflic lcading is neglected in resisting lorces
2 Miesisting = 7.351.382 Ib-fi M = }HL(—L—J
resisting 2
SMowrwming = 1.807.483  1b-fi M PR RLUTER LA I e
overturniy u 2 ‘ 3 T 2

S M Calculated Required Resistance Against Overturning is
FS = P FS = 407 FS = 200




TranSystems

SCi823-0.00

s 7 SUBJECT Client
2 i Project
QDIJ F J

ltem

Bearing Capacity (Forward Abutment)

05 - £23 over Swauger Velley-Mirford Rd TR-20

JOB NUMBER 0121-3070.08
SHEET NO. 53 OF
COMP.BY ~ SJR  DATE  9i25/06

CHECKEDBY 9} A

pATE  alzsloe

Bedrock / Gienular Fill Foundation

BEARING CAPACITY OF A MSE WALL (non-coped)

Ref: {ALSH10; STANDARD SPECIFICATIONS FOR HIGHWAY ERIDGES, 17th Edition, 2002}

Soil Properties

‘ — TRfEF_'EQ_A_D!’N_GT-—i ymse = 120 pef  unit weight EMB/MSE
_____J___j___lJ ' 1 # ' O'msg = 30  deg. friction ang. embankment
. // % l YeonN = 120 pef unit weight foundation soil
EMBANKMENT /1 = : . .
ANK = /REINEORGED = ‘» C FDN = 0  psf cohesion undrained
FiLL R = ‘ .
[ 2ONE = 3 D-ppN—= 34 deg. friction ang. undrained
- | % H C'ron = 0 psf cohesion drained
R £ O ron = 34 deg.  friction ang. drained
P - »
!, C / %
l v c L oads and Parameters
S | 0
NN\ NN N i\ 'i\ N N
_____________________________ '"—lL""—!“"J'"“" Lt = 240 psf traffic loading
| e—»— —a—| D~
i o 1.=B = 40.95 fi length of mse block
W | L factor = 0.7 Length factor-range (0.7 - 1.0)
- L , D = 0 embedment depth
Effective Bearing Pressure Dw = 0 fi groundwater depth
W+ W, H+D = 585 fi
o, = —_—L _‘2_€ Cy = 9.544 psf H = 58.5 h height of wall
Ka = 0.33
Ultimate undrained beering capacity, g .. [ Pa = 19.5 h moment arm
| r Wt = 2925 fi moment arm
= + - BA" '
Guir= N+ 0N, +2 VBN, s = 36836 psf B = 3LIS fi
v = 57.6 pcf
_ YQuir
darL FS Qar = 14,734 psf
W, = 9,828 b/t of wall
Factor of Safety = 3.86 OK Wi = 287,469 1b/ft of wall
Ulimate drained bearing capacity, g ., Gezring Cepacity Factors for Equationg
1 Undrained Drained
- — BN
Gyur = N, +0pN, + 5 BN, Qqur = 36.836 psf N, 42.16 N, 42.16
N, 29.44 N, 29.44
_ 9t \
Tare = g Gar = 14,734 psf N 41.06 N 4106
Facior of Safety = 3.86 OK Eccentricity of Resultant Force Kern

4 0N i e<L/6 =




TranSysiems ODOT D-§ JOB NUMBER 0121-3070.05

N ; SUBJECT Client
Q v . Project  SCI1823-0.00 Fonsmouth Bypass SHEET NO. H OF H
COMP.BY SJR DATE 09/25/06°

ltem MSE Walt Siability (Forwerd Abutment)

05 - 823 aver Swauger Valley - Minford Rd CHECKED BY 3N DATE c‘/‘{s/[)[p

Bedrock / Gran Fill
STABILITY OF MSE WALL
Assumptions: Wall Properties Foundational Soil Properties
1 Ectimated height of embarkment; H=58.5' H+D ¢ = psf cohesion
5 It i zssumed that the bridge is supporied on piles Pmse = o = deg friction angle
3 Ground water; Dw=0.0/ L = = 240 psf traffic loading
4 Treffic loading is neglacted in resisting forces L factor = . Embankment Soil Properties
5 Range (0.7-1.0) ¢ = psf cohesion
b= deg friction angle
RESISTANCE AGAINST SLIDING ALONG BASE
Thrust: P =K, !:_I_}Hk i a)TH]
2 TRAFFIC LOADING

where; K (45 ¢) K, = 033 P
=tlan”(45- = S
: 5 | I B

P, = 72,394 Ibs per foot of wall ,L—» i/
EMEANKMENT /| yd
1/ REJNFORCED

FILL P .
i /" zofE

Resictance: P = W(0.67)u) (Drained) RNy

where; H = Iax{¢) ) 0.67u = 0.45 pa— )

|

- -

O HH)J‘I THT I e e T s [T T I DT T G ST AT
ot — -
Y

0.67u Max. = ASHTO, Bridge Design Manual, 303.4.1.1)
P, = 120.361  1bs per foot of wall )
USE THIS VALUE : NSO S
' ]
. I 0 -
P o= L(c) (Undrained) j W
P, = 0 Ibs per foot of wall - L
Use Drained Value
» Calculated Required Resistance Against Sliding is I 0K '
Fs=—5 FS = 179 FS = 1.50
- ) RESISTANCE AGAINST OVERTURNING
+ Summation of Moments about point "O" (bese of wall).
* Tizffic loading is neglected in resisting forces
< L\
SMaing = 5.885.928  Ib-fi M= WL(-—J
resisnn 4 2 ,
< \ —l
TMowrumne = 1.456.852  Ib-fi Y L A PN LA
E oVeriurning U{ 2 }H 3 J a)THK 2 —J

S A Calculated Required Resistance Against Overurning is I 0K ’

—c I pS = 4.04 Fs = 200
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Appendix C
Laboratory Test Results
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CONSOLIDATION TEST REPORT

546
531 SRy
516 = =
. \‘c\
.501
A
486
.2
5 AN
O 471 Y
R
S \\
456 \\
. \
441 \\
h\\ \
426 e N
P~
A11
396 z 5 1 2 5 16 20
Applied Pressure - tsf
Coefficients of Consolidation and Secondary Consolidation
Load CV C l.oad CV C L oad CV C
No. (tsf) (ft.2/day) o [No. (tsf) | (f2/day) o |No. (tsf) (ft.2/day) o
2 0.25 0.18
3 0.50 1.29
4 1.00 0.77
7 0.50 0.31
8 1.00 0.83
9 2.00 1.10
10 4.00 0.20
11 8.00 0.57
12 16.00 0.98
13 32.00 0.75
Natural Dry Dens Overburden P Initial Void
’ LL Pl | Sp. Gr. C C C A
Saturation| Moisture (pch) g (tsf) (tsf) ¢ ' Ratio
58.7 % 11.6 % 109.1 36 16 2.67 3.10 0.09 0.01 0.528
MATERIAL DESCRIPTION USCS AASHTO
brown Silty Clay CL A-6(13)
Project No. 25506 Client: HDR Engineering, Inc. Remarks:
Project: ODOT District 9 Portsmouth Bypass, SCI-823-0.00/6.81, PID #19415 - Minford, Ohio Date Received: 2/14/08
Lab No.: 0128
Location: Shelby Tube B-002-0-08 2.5'-4.4'
TES TECH
Dayton, Ohio File No.




Dial Reading vs. Time

Project No.: 25506
Project: ODOT District 9 Portsmouth Bypass, SCI-823-0.00/6.81, PID #19415 - Minford, Ohio

Location: Shelby Tube B-002-0-08 2.5'-4.4'

tg0 t0
. 0016
0009 Load #2 Load #3
0.25 tsf 0.50 tsf
-0008 Cy @731 min.= 0018 C, @ 1.02 min.~
\ 0.18 & 2/day 1.29 ft 2/day
-0003 \ 0020 \
0000 \ 0022 X
. .0003 — 0024
£ &
E: 2 \
fﬂ‘g 0008 % E.oozs :
2 & Q
3 Kl
9 o009 2 o028
0012 \ 0030 \\ \-\
0015 \.\&\\ .0032 \ ™~ | . %o
0018 *le /\= » 0034 |- \
0021500 725 350 975 500 625 750 BI5 1000 135 Taso  09%ggg 0.75 1.50 225 300 375 450 525 600 675  7.50
Square Root of Elapsed Time (min.) Square Root of Elapsed Time (min.}
lag tag
0038
Opas Load #4 Load #7
1.00 tsf 0.50 tsf
00459 Cy @ 1.70 min.= 0040 c,@ 4.15 min.=
0.77 ft.2/day 0.31 ft.2/day
00474 \ 0042 \
00489 \\ 0044 \\
—~ 00504 —~ .0048
£ £
T 00519 T oo4s
a @
+4 1\ o k\\
B ]
B gosas E‘k B o050 \
00549 \ <] 0052 g
00564 \\ \\ 0054 =
00579 \ 0056
00599650 725 260 375 500 625 750 875 1000 T2 Tiso U Gm i sE I S0 EE Tir—5E 1000 11.25  12.5
Square Rool of Elapsed Time {min.) Square Root of Etapsed Time (min.)
f
!
TES TECH |
. !
Dayton, Ohio File No.



Dial Reading vs. Time

Project No.: 25506 '
Project: ODOT District 9 Portsmouth Bypass, SCI-823-0.00/6.81, PID #19415 - Minford, Ohio

Location: Shelby Tube B-002-0-08 2.5'-4.4'

180 tap
K .0063
004772 Load £8 Load #9
1.00 tsf 2.00 tsf
004847 C, @ 1.58 min.= 0088 C, @118 min=
\ 0.83 ft.2/day 1.10 f.2/day

.004922 \ .0088 X
0072

004987 \ X \
005072 0075
0078 A

Diat Reading (in.)

Dial Reading (in.)

Dial Reading (in.)

005147 \\
N N

005297 \\ a-t—o 30 0084 \ \
005372 .0087

\ \
005447 0080

\ NEIIN

.005522

0.00 125 250 375 500 626 750 875 1000 1125 1250 ! 0.00 075 1.50 2.25 3.00 3.75 4.50 5.25 6.00 6.75 7.50
Square Root of Elapsed Time (min.) Square Root of Elapsed Time (min.)
Il &
0154 S0 o2sa oo
Load #10 Load #11
4.00 tsf 8.00 tsf
0158 Cy @ 6.26 min.= 0263 Cy @ 2.18 min=
\ 0,20 ft 2/day 0.57 R.2/day

0162 \ - .0268 \
a186 0273

0170 \\\ 0278 \

Dial Reading (in.}

AN
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Dial Reading vs. Time

Project No.: 25506

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

LLocation: Shelby Tube B-002-0-08 2.5'-4.4'

t i
038 0 05087 20
Load #12 Load #13
16.00 tsf 32,00 tsf
039 C, @ 1.22 min.= 05212 C, @ 1.53 min.=
\ 0.98 f1.2/day R 0.75 . 2lday

040 \ 05337 \\

041 \ 05462
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§ .043 L %1 E 05712 oy
c h s
T kS
O o4 k\h O ose37 -
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CONSOLIDATION 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

Sample Data

Source: 0128 GR 2/14/08
Sample No.: 0128
Elev. or Depth: 2.5' - 4.4" Sample Length (in./cm.):
Location: Shelby Tube B-002-0-08 2.5'-4.4"
Description: brown Silty Clay
Liquid Limit: 36 Plasticity Index: 16
UsScs: CL AASHTO: A-6(13) Figure No.:
Testing Remarks: Date Received: 2/14/08

Lab No.: 0128

Test Specimen Data

TOTAL SAMPLE BEFORE TEST AFTER TEST
Wet wtt = 189.85 g. Consolidometer # = 2 Wet wtt = 137.72 g.
Dry wtt = 177.00 g. Dry w+t = 117.38 g.
Tare Wt. = 65.99 g. Spec. Gravity = 2.67 Tare Wt. = 00 g
Height = .79 in. Height = .79 in.
Diameter = 2.50 in. Diameter = 2.50 in.
Weight = 123.90 g. Defl. Table = Reference Set {inches/tsf)
Moisture = 11.6 % Ht. Solids = 0.5169 in. Moisture = 17.3 %
Wet Den. = 121.7 pct Dry Wt. = 111.01 g.* Dry Wt. = 117.38 g
Dry Den. = 108.1 pct Void Ratioc = 0.528 Void Ratio = 0.444
Saturation = 58.7 %
* Initial dry weight used in calculations
End-of-Load Summary
Pressure Final Machine Cy Cq Void % Compression
(tsf) Dial (in.) Defl. (in.) (ft.2/day) Ratio /Swell
start 0.00000 0.528
0.13 0.00000 0.00000 0.528 0.0 Swell
0.25 0.00220 0.00040 0.18 0.525 0.2 Comprs.
0.50 0.00400 0.00080 1.29 0.522 0.4 Comprs.
1.00 0.00730 0.00160 0.77 0.517 0.7 Comprs.
-0.50 0.00620 0.00080 0.518 0.7 Comprs.
0.25 0.00530 0.00040 0.519 0.6 Comprs.
0.50 0.00622 0.00080 0.31 0.518 0.7 Comprs.
1.00 0.00690 0.00160 0.83 0.518 0.7 Comprs.
2.00 0.01120 0.00240 1.10 0.511 1.1 Comprs.
4.00 0.01840 0.00000 0.20 0.493 2.3 Comprs.
8.00 0.03010 0.00000 0.57 0.470 3.8 Comprs.
16.00 0.04540 0.00000 0.98 0.441 5.7 Comprs.
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Pressure Final Machine C Cqy Void % Compression

v
(tsf) Dial (in.) Defl. (in.) (ft.2/day) Ratio /Swell
32.00 0.06020 0.00000 0.75 0.412 7.6 Comprs.
8.00 0.05700 0.00000 0.418 7.2 Comprs.
2.00 0.05170 0.00300 0.434 6.2 Comprs.
0.50 0.04620 0.00080 0.441 5.7 Comprs.
0.25 0.04390 0.00040 0.444 5.5 Comprs.
Ceg = 0.08 Po = 3.10 tsf Cy = 0.01
Pressure: 0.13 tsf TEST READINGS Load No. 1
No. Elapsed Dial No. Elapsed Dial No. Elapsed Dial
Time Reading Time Reading Time Reading
1 0.00 0.00000 i1 0.80 ~0.00020 21 2.52 0.00000
2 0.29 0.00000 12 0.89 -0.00010 22 2.83 0.00000
3 0.32 0.00000 13 1.00 0.00000 23 3.00 -0.00010
4 0.37 0.00000 14 1.13 0.00000 24 3.46 0.00000
5 0.39 0.00000 15 1.26 0.00000 25 6.16 0.00000
6 0.45 0.00000 16 1.41 0.00000 26 9.75 0.00000
7 0.50 0.00000 17 1.59 0.00020 27 15.49 0. 00000
8 0.56 -0.00010 i8 1.78 0.00020 28 24.60 0.00000
9 0.63 -0.00010 19 2.00 0.00010 29 32.86 0.00000
10 0.71 -0.00010 20 2.24 0.00020 30 40.99 0.00000
Void Ratio = 0.528 Compression = 0.0 %
Pressure: 0.25 tsf TEST READINGS Load No. 2
No. Elapsed Dial No. Elapsed Dial - 5008 tag
Time Reading Time Reading -.0006
1 0.00 0.00010 11 24.60 0.00210 --o003fy
2 0.63 0.00050 12 30.98  0.00220 10090
3 4.36  0.00150 13 35.50  0.00220 oy
4 4.90 0.00170 14 37.95 0.00220 possy A
5 8.72 0.00180 -0012
6 9.75  0.00190 00151l
’; %g.gg 8.882(2)8 :22::0_002"5 5.00 7.50 14.00 12.50
9 15.49 0.00220
10 19.52 0.00220
Void Ratio = 0.525 Compression = 0.2 3
Dg = -0.00055 Dgg = 0.00137 Digpo = 0.00158
Cy at 7.3 min. = 0.18 ft.2/day
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Pressure: 0.50 tsf TEST READINGS Load No. 3

No. Elapsed Dial No. Elapsed Dial 0016 20
Time Reading Time Reading 0018
1 0.00 0.00210 11 21.91 0.00400 0020137
2 0.29  0.00320 12 27.60  0.00400 o
3 0.37 0.00330 13 30.98 0.00400 0026
4 0.71 0.00355 14 32.86 0.00400 .0028
5 1.78  0.00368 0030 [ RS
6 2.24  0.00375 e I T
7 3.00 0.00380 PRI\
. 0.00 1.50 3,00 4,50 6.00 7.50
8 6.93 0.00390
9 12.29 0.00400
10 15.49 0.00400
Void Ratio = 0.522 Compression = 0.4 %
Do = 0.00180 Dgg = 0.0027% Digo = 0.00290
Cy at 1.0 min. = 1.29 ft.2/day '
——Prassurey 1700 tsf TEST READINGS Load No. 4
No Elapsed Dial No. Elapsed Dial 00a44 30
Time Reading Time Reading 00453
1 0.00 0.00390 11 30.98 0.00730 ~o0aTs I
2 0.32 0.00660 12 35.50 0.00730 Y
3 0.80 0.00680 et il
4 0.89 0.00690 .00834
5 1.59 0.00700 S
6 3.87 0.00710 -ooses Y .
7o 275 0.00720 B VA L
9 15.49 0.00730
10 24.60 0.00730
Void Ratio = 0.517 Compression = 0.7 %
Do = 0.00459 Dgg = 0.00541 DPygg = 0.00550
Cy at 1.7 min. = 0.77 ft.2/day
Pressure: 0.50 tsf TEST READINGS Load No. 5
No. Elapsed Dial No. Elapsed Dial No. Elapsed Dial
Time Reading Time Reading Time Reading
1 0.00 0.00680 8 0.56 0.00620 15 1.13 0.00640
2 0.29 0.00610 9 0.63 0.00610 16 1.59 0.00620
3 0.32 0.00620 10 0.71 0.00610 17 2.00 0.00620
4 0.37 0.00620 11 0.80 0.00620 18 2.24 0.00610
5 0.39 0.00620 12 0.89 0.00620 18 2.52 0.00610
6 0.45 0.00620 13 1.00 0.00630 20 2.83 0.00610
7 0.50 0.00620 14 1.13 0.00610 21 -3.00 0.00620

Void Ratio = 0.518 Compression = 0.7 %
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Pressure: 0.25 tsf

TEST READINGS

Load No. ©

No. Elapsed Dial No. Elapsed Dial
Time Reading Time Reading
1 0.00 0.00620 11 1.59 0.00550
2 0.32 0.00550 12 1.78 0.00540
3 0.45 0.00560 13 2.00 0.00540
4 0.50 0.00560 14 2.24 0.00530
5 0.56 0.00560 15 2.52 0.00530
6 0.63 0.00560 16 2.83 0.00530
7 0.89 0.00560 17 3.00 0.00530
8 1.00 0.00560
9 1.13 0.00560
10 1.26 0.00560
Void Ratio = 0.519 Compression = 0.6 %
Pressure: 0.50 tsf TEST READINGS Load No. 7
No Elapsed Dial 0038
Time Reading 0040 -
1 0.00 0.00530 ooaz Y
2 1.02  0.00545 A
3 1.78 0.00570 oods
4 3.00 0.00600 ooso |\
5 7.48 0.00610 -0052
.0054 T e g-g o
6 24.60 0.00622 s {
7 30.98 0.00622 :°°5Boouz\J§o 500 7.50  10.00 1Z.50
8 35.50 0.00622 o ’ ’ ’ '

Void Ratio
Dg = 0.003

88

0.518 Compression = 0.7
Dgg = 0.00523
Cy at 4.1 min. = 0.31 ft.2/day

%

Digpg = 0.00538

Pressure: 1.00 tsf

TEST READINGS

Load No. 8

No. FElaps
Time

> = O O

7.
12.
19.
24.
30.
32.

OCOwoOo N d WNRK

=

Void Ratio

ed

.00
.37
.00
.36

75
29
52
60
98
86

Dg = 0.00485

Cy

Dial
Reading
.00620
.00660
.00670
.00680
.00685
.00690
.00690
.00690
.00690
.00690

oNoNoRoNoNoReNGNGN®)

No.

11

Elapsed
Time
35.50

0.518 Compression = 0.7
Dgg = 0.00512

oo

Dial
Reading
0.00690

Dq1pg = 0.00515

at 1.6 min. = 0.83 ft.Z2/day
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.004847
.004922

.004597 \

.005072 \\

.005147

.005222 \?‘

.005297 \\‘\= -0-§-¢50
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.005447 3

005522 575053750 5.00 7.50 10.00 12.50




Pressure: 2.00 tsf TEST READINGS ILoad No. 9

No. Elapsed Dial No. Elapsed Dial 0053 90
Time Reading Time Reading 0066
1 0.00 0.00680 11 24.60 0.01100 0088 f
2 0.32  0.00990 12 30.98 0.01120 PSR
3 0.45  0.01000 13 35.50 0.01120 oore |8
4 0.50 0.01010 14 37.95 0.01120 001 [t
5 0.71  0.01030 15 40.99  0.01120 0084 =
6 1.00 0.01040 0087 \ s
.00%0
7 2.00 0.01060 w003 \\
" 0.00 1.50 3.00 4.30 6.00 7.50
8 5.48  0.01070
9 13.78  0.01080
10 19.52  0.01100

Void Ratio = 0.511 Compression = 1.1 3%
Dg = 0.00666 Dgg = 0.00804 Digg = 0.00820

Cy at 1.2 min. = 1.10 ft.2/day
Pressure: 4.00 tsf TEST READINGS Load No. 10
No. ZElapsed Dial No. Elapsed Dial o154 tsg
Time Reading Time Reading 0150 5
1 0.00 0.01120 11 8.72 0.01830 SR A
2 0.50 0.01650 12 10.95  0.01840 o
3 0.63 0.01670 13 15.49 0.01840 o017
4 0.71 0.01680 14 19.52 0.01840 .017 Q\
5 1.00 0.01690 15 21.91 0.01840 -o182 o leds
6 1.26 0.01710 <0188
; ;.88 8‘8%;%8 212: 0.00 1.50 3.00 1.50 6.00 7.50
] 2.52 0.017¢0
10 4,36 0.01800

Void Ratio = 0.493 Compression = 2.3 %
Dg = 0.01586 Dgg = 0.01814 Digg = 0.01840
Cy at 6.3 min. = 0.20 ft.2/day
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Load No. 11

Pressuxe: 8.00 tsf TEST READINGS
No. Elapsed Dial No. Elapsed Dial 0258 t90
Time Reading Time Reading .0263
1 0.00 0.01840 13 3.00 0.02910 AN
2 0.37 0.02740 14 3.46  0.02920 o
3 0.45 0.02770 15 4.36 0.02930 0283
4 0.56 0.02790 16 6.93 0.02960 .0288
5 0.63 0.02800 17 10.95 0.02980 .0293 it
6 0.71  0.02810 18 15.49  0.02990 g NS
7 0.80  0.02820 19 21.91  0.03000 s NN TN N A I
8 1.00 0.02840 20 30.98 0.03000
9 1.26 0.02860 21 32.86 0.03000
10 1.59 0.02880 22 35.50 0.03010
11 2.00 0.02890 23 37.85 0.03010
12 2.52 0.02900
Void Ratio = 0.470 Compression = 3.8 %
Dg = 0.02634 Dgg = 0.02894 Digg = 0.02922
Cy at 2.2 min., = 0.57 ft.</day
Pressure: 16.00 tsf TEST READINGS Load No. 12
No. Elapsed Dial No. Elapsed Dial [
Time Reading Time Reading .039
1 0.00 0.03010 17 6.93 0.04490 A
2 0.32 0.04170 18 7.75 0.04480 ﬁﬁ
3 0.50 0.04250 19 8.72 0.04490 IR
4 0.71 0.04300 20 9.75 0.04480 048
5 1.00  0.04340 21 10.95  0.04500 o -l o
6 1.59 0.04390 22 12.29 0.04510 08 A\
7 1.78  0.04410 23 13.78  0.04500 S04 N AV A B
8 2.00 0.04420 24 15.49 0.04490 T ' ' ' '
9 2.52 0.04440 25 19.52 0.04510
10 3.00 0.04440 26 21.91 0.04530
11 3.46 0.04440 27 24.60 0.04500
12 3.87 0.04450 28 27.60 0.04540
13 4.36 0.04460 29 30.98 0.04520
14 4.90 0.04460 30 32.86 0.04530
15 5.48 0.04470 31 36.50 0.04540
16 6.16 0.04480
Void Ratio = 0.441 Compression = 5.7 %

Dp = 0.03911
Cy at 1.2 min.

D90 = 0.04360

DlOO = 0,04410
= 0.98 ft.2/day
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Pressure: 32.00 tsf TEST READINGS Load No. 13
No. Elapsed Dial No. Elapsed Dial 05087 —rt
Time Reading Time Reading 05212
1 0.00 0.04540 23 3.00 0.05910 -05337
2 0.29 0.05520 24 3.46 0.05920 ﬁ;i
3 0.32 0.05540 25 3.87 0.05930 05112
4 0.37 0.05570 26 4.36 0.05940 05837 ||
5 0.39 0.05580 217 4.90 0.05940 -05362 s e
6 0.45 0.05620 28 5.48 0.05940 'xiz \
7 0.50 0.05640 29 6.16 0.05960 oarar W
0.00 1.50 3.00 4,50 6.00 7.50
8 0.56 0.05670 30 6.93 0.05960
9 0.63 0.05700 31 7.75 0.05960
10 0.71 0.05720 32 8.72 0.05980
11 0.80 0.05750 33 9.75 0.05980
12 0.89 0.05770 34 10.95 0.05990
13 1.00 0.05790 35 12.29 0.05990
14 1.13 0.05810 36 13.78 0.05980
15 1.26 0.05820 317 15.49 0.05990
16 1.41 0.05840 38 17.38 0.06000
17 1.59 0.05860 39 19.52 0.06020
18 1.78 0.05860 40 21.91 0.06010
19 2.00 0.05880 41 24.60 0.06010
20 2.24 0.05900 42 27.60 0.06010
21 2.52 0.05900 43 30.98 0.06020
22 2.83 0.05910 44 35.50 0.06020
Void Ratio = 0.412 Compression = 7.6 %
Dg = 0.05212 Dgg = 0.05853 Dygg = 0.05925
Cy at 1.5 min. = 0.75 ft.2/day
Pressure: 8.00 tsf TEST READINGS Load No. 14
No. Elapsed Dial No. Elapsed Dial No. Elapsed Dial
Time Reading Time Reading Time Reading
1 0.00 0.06020 9 0.71 0.05720 17 1.78 0.05700
2 0.32 0.05760 10 0.80 0.05720 18 2.00 0.05710
3 0.37 0.05750 11 0.89 0.05720 19 2.24 0.05700
4 0.39 0.05750 12 1.00 0.05710 20 2.52 0.05700
5 0.45 0.05740 13 1.13 0.05710 21 2.83 0.05700
6 0.50 0.05730 14 1.26 0.05700 22 3.00 0.05700
7 0.56 0.05720 15 1.41 0.05710
8 0.63 0.05720 16 1.59 0.05700
Void Ratio = 0.418 Compression = 7.2 %
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Pressure: 2.00 tsf TEST READINGS Load No. 15
No. Elapsed Dial No. Elapsed Dial No. Elapsed Dial
Time Reading Time Reading Time Reading
1 0.00 0.05700 9 0.63 0.05290 17 1.59 0.05210
2 0.05 0.28870 10 0.71 0.05280 18 1.78 0.05210
3 0.32 0.05360 11 0.80 0.05270 19 2.00 0.05190
4 0.37 0.05350 12 0.89 0.05260 20 2.24 0.05190
5 0.39 0.05340 13 1.00 0.05250 21 2.52 0.05180
6 0.45 0.05320 14 1.13 0.05250 22 2.83 0.05160
7 0.50 0.05310 15 1.26 0.05230 23 3.00 0.05170
8 0.56 0.05310 16 1.41 0.05230 24 3.46 0.05170
Void Ratio = 0.434 Compression = 6.2 %
Pregsure: 0.50 tsf TEST READINGS Load No. 16
No. Elapsed Dial No. Elapsed Dial No. Elapsed Dial
Time Reading Time Reading Time Reading
I 000 0 05T70 9 063 004850 T7 159 004720
2 0.29 0.04910 10 0.71 0.04830 18 1.78 0.04700
3 0.32 0.04910 11 0.80 0.04830 19 2.00 0.04680
4 0.37 0.04900 12 0.89 0.04810 20 2.24 0.04670
5 0.39 0.04900 13 1.00 0.04800 21 2.52 0.04640
6 0.45 0.04880 14 1.13 0.04780 22 2.83 0.04630
7 0.50 0.04870 15 1.26 0.04760 23 3.00 0.04620
8 0.56 0.04860 16 1.41 0.04740
Void Ratio = 0.441 Compression = 5.7 $
Pressure: 0.25 tsf TEST READINGS Load No. 17
No. Elapsed Dial No. Elapsed Dial No. Elapsed Dial
Time Reading Time Reading Time Reading
1 0.00 0.04620 9 0.63 0.04540 17 1.59 0.04490
2 0.29 0.04560 10 0.71 0.04530 18 1.78 0.04470
3 0.32 0.04550 11 0.80 0.04520 19 2.00 0.04450
4 0.37 0.04550 12 0.89 0.04510 20 2.24 0.04440
5 0.39 0.04540 13 1.00 0.04500 21 2.52 0.04420
6 0.45 0.04550 14 1.13 0.04510 22 2.83 0.04400
7 0.50 0.04540 15 1.26 0.04500 23 3.00 0.04390
8 0.56 0.04540 16 1.41 0.04490
Void Ratio = 0.444 Compression = 5.5 %
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GRAIN SIZE - mm.
. o, 42 % Gravel . . Sand uE . _hFines ]
% Boulders % +3 Coarse Fine Coarse {r Fine Silt -—i Clay
0.0 0.0 0.0 0.1 28 | 13.5 41.8 ! 41.8
SIEVE PERCENT SPEC.* PASS? Material Description
SIZE FINER PERCENT | (X=NO) orange / brown Silty Clay
#4 100.0
#10 99.9
#20 o8.7 Atterberg Limits
#40 7.1 PL= 2] L= 37 PI= 16
#60 94.2
#100 89.5 Coefficients
#200 83.6 Dgs= 0.0895 Dgo= 0.0169 D5q= 0.0090
D3p= D15= D10=
Cy= Ce=
Classification
USCSsS= CL ODOT= A-6b(10)
Remarks
Date Received: 2/14/08
Lab No.; 0128
¥ (no specification provided)
Sample Number: 0128 Depth: 1.0'- 2.5
Location: B-001-0-08 (S-1) Date: 2/20/08

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 3/5/2008

Client: HDR Engineering, Inc.

Project: ODOT District 9 Portsmouth Bypass, SC1-823-0.00/6.81, PID #19415 - Minford, Ohio
Project Number: 25506

Location: B-001-0-08 (S-1)

Depth: 1.0"- 2.5 Sample Number: 0128

Material Description: orange / brown Silty Clay

Date: 2/20/08 PL: 21 LL: 37 Pl: 16
USCS Classification: CL AASHTO Classification: A-6(13)

Ohio DOT Classification (if different from AASHTO): A-6b(10)
Testing Remarks: Date Received: 2/14/08

Lab No.: 0128
Dry Cumuiative Cumulative
Sample Pan Sieve Weight
and Tare Tare Tare Weight Opening Retained Percent
{grams) {grams) {grams) Size (grams) Finer
203.14 14.53 0.00 #4 0.00 100.0
#10 0.22 99.9
51.71 0.00 0.00 #20 0.60 98.7
#40 146 97.1
#60 2.94 942
#100 5.37 89.5
#200 8.42 83.6
o

Hydrometer test uses material passing #10
Percent passing #10 based upon complete sample =99.9
Weight of hydrometer sample =51.710
Hygroscopic moisture correction:
Moist weight and tare = 62.71
Dry weight and tare = 62.55
Tare weight = 49.45
Hygroscopic moisture = 1.2%
Automatic temperature correction
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. Diameter Percent
Time (min.) {deg. C.) Reading Reading K Rm Depth {mm.} Finer

1.00 20.5 43.0 38.6 0.0136 43.0 9.2 0.0412 754
2.00 20.5 38.5 34.1 0.0136 38.5 10.0 0.0303 66.6
5.00 20.5 36.0 31.6 0.0136 36.0 10.4 0.0195 61.7
15.00 20.5 32.0 27.6 0.0136 32.0 11.0 0.0116 53.9
30.00 20.5 29.5 25.1 0.0136 29.5 11.5 0.0084 49.0
60.00 20.5 27.0 22.6 0.0136 27.0 11.9 0.0060 44.1
120.00 20.5 25.0 20.6 0.0136 250 12.2 0.0043 40.2
250.00 20.5 23.0 18.6 0.0136 23.0 12.5 0.0030 36.3
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Bouiders | Cobbles Gravel : Fines
Coarse Fine Total Coarse Fine Total Silt Clay Total
0.0 0.0 0.0 0.1 0.1 13.5 16.3 41.8 41.8 83.6
D1g D15 D2g D3g Dsg Ds0 Dgo Dgs Dgg Dos
0.0090 0.0169 0.0518 0.0895 0.1578 0.2796
Fineness
Moduius
0.18

TES TECH




Location: B-001-0-08 (5-3)
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GRAIN SIZE - mm.
y o 4 .. . hGravel L. . ..%Sand 4 .. . hFines
% Boulders % +3 Coarse | Fine Coarse Fine Silt Clay
N T
0.0 0.0 00 | 0.0 08 | 3.1 65.4 L 307
SIEVE PERCENT SPEC.” PASS? Material Description
SIZE FINER PERCENT (X=NO) orange / brown Silt
#10 100.0
#20 99.8
zgg gg% Atterberg Limits
#100 977 PL= 23 L= 24 Pi= 1
#200 96.1 Coefficients
Dgg= 0.0449 Dgo= 0.0197 Dgp= 0.0141
D38: 0.0048 D45= D1p=
u= Ce=
Classification
USCS= ML ODOT= A-4b(8)
Remarks
Date Received: 2/14/08
Lab No.: 0128
Contains Siltstone
* (no specification provided)
Sampie Number: 0128 Depth: 6.0'- 7.5

Date: 2/21/08
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Dayton, Ohio

Client: HDR Engineering, Inc.

Project No: 25506

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

Fiie No.




GRAIN SIZE DISTRIBUTION TEST DATA 3/5/2008

Client: HDR Engineering, Inc.

Project: ODOT District 9 Portsmouth Bypass, SCI-823-0.00/6.81, PID #19415 - Minford, Chio
Project Number: 25506

Location: B-001-0-08 (5-3)

Depth: 6.0'- 7.5 Sample Number: 0128

Material Description: orange / brown Silt

Date: 2/21/08 PL: 23 LL:24 Pi: 1
USCS Classification: ML AASHTO Classification: A-4(0)

Ohio DOT Classification (if different from AASHTO): A-4b(8)
Testing Remarks: Date Received: 2/14/08

Lab No.: 0128

Contains Siltstone

Dry Cumulative . Cumulative
Sampie Pan Sieve Weight
and Tare Tare Tare Weight Opening Retained Percent
(grams} (grams) (grams} Size (grams} Finer
249.98 14.53 0.00 #10 0.00 100.0
5433 0.00 0.00 #20 0.13 99.8
#40 0.46 99.2
#60 0.81 98.5
#100 1.27

#200 2.14

Hydrometer test uses material passing #10
Percent passing #10 based upon complete sample = 100.0
Weight of hydrometer sample =54.334
Hygroscopic moisture correction:
Moist weight and tare = 49.24
Dry weight and tare = 49.08
Tare weight = 35.18
Hygroscopic moisture = 1.1%
Automatic temperature correction
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. Diameter Percent
Time (min.) (deg. C.) Reading Reading K Rm Depth (mm.) Finer

1.00 20.5 48.0 43.6 0.0136 48.0 8.4 0.0394 81.1
2.00 20.5 43.0 38.6 0.0136 43.0 9.2 0.0292 71.8
5.00 20.5 36.5 32.1 0.0136 36.5 10.3 0.0195 59.7
15.00 20.5 29.0 24.6 0.0136 29.0 11.5 0.0119 45.7
30.00 20.5 26.0 21.6 0.0136 26.0 12.0 0.0086 40.1
60.00 20.5 23.0 18.6 0.0136 23.0 12.5 0.0062 346
120.00 20.5 20.0 15.6 0.0136 20.0 13.0 0.0045 29.0
250.00 20.5 18.0 13.6 0.0136 18.0 13.3 0.0031 252

TES TECH




Gravel Sand Fines

Boulders | Cobbles Coarse Fine Total Coarse 1 Total Silt Clay Total

0.0 0.0 0.0 0.0 0.0 0.8 39 65.4 30.7 96.1

D1g Dis D2p D3p Dso Deg Dgp Dgs Dgo Dgs

0.0048 0.0141 0.0197 0.0380 0.0449 0.0542 0.0654

Fineness
Modulus

0.04

TES TECH




Particle Size Distribution Report

Location: B-002-0-08 (S-1)

Date: 2/14/08

g3 &
100 [ TR
90,._’ .. [—
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0
0.001
GRAIN SIZE - mm.
o o 43" %Gravel | . __.  Sand |, . wFines ]
% Boulders %o+3 Coarse Fine Coarse . Fine Siit » Clay
0.0 0.0 0.0 2.0 2.7 . 3.1 61.6 ; 30.6
SIEVE PERCENT SPEC.” PASS? Material Description
SIZE FINER PERCENT (X=NO) brown Silt
375 100.0
#4 99.4
8.0 .
z;g 35.8 Atterberg Limits
440 953 PL= 19 LL= 26 Pi= 7
#60 94.6 Coefficients
#100 935 Dgs= 0.0492 Dgo= 0.0276 Dgp= 0.0174
#200 92.2 D3p= 0.0047 D1s= Dqg=
Cy= Ce=
Classification
UsSCS= CL-ML ODOT= A-4b(8)
Remarks
Date Received: 2/14/08
Lab No.: 0128
* (no specification provided)
Sample Number: 0128 Depth: 1.0'- 2.5

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 3/5/2008

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-002-0-08 (S-1)

Depth: 1.0'- 2.5 Sample Number: 0128

Material Description: brown Silt

Date: 2/14/08 PL: 19 LL: 26 Pi: 7
USCS Classification: CL-ML AASHTO Classification: A-4(5)

Ohio DOT Classification (if different from AASHTO): A-4b(8)
Testing Remarks: Date Received: 2/14/08

LabNo.: 0128
Dry Cumulative Cumuiative
Sample Pan Sieve Weight
and Tare Tare Tare Weight QOpening Retained Percent
(grams) (grams) (grams) Size (grams) Finer
222.00 1432 0.00 375 0.00 100.0
#4 1.15 99.4
#10 415 98.0
33.37 0.00 0.00 #20 0.75 95.8
#40 0.92 953
#60 1.17 94.6
#100 1.52 93.5

#200 1.99 92.2

v o SR IR H 2t TN SYRFRZESAN 5 ES
Hydrometer test uses material passing #10
Percent passing #10 based upon complete sample = 98.0
Weight of hydrometer sample =33.369
Hygroscopic moisture correction:

Moist weight and tare = 65.92

Dry weightand tare = 65.75

Tare weight = 50.63

Hygroscopic moisture = 1.1%
Automatic temperature correction

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. Diameter Percent
Time (min.) {deg. C.) Reading Reading K Rm Depth {mm.) Finer
1.00 20.5 32.0 27.6 0.0136 32.0 11.0 0.0451 81.8
2.00 20.5 27.0 22.6 0.0136 27.0 11.9 0.0330 67.0
5.00 20.5 22.5 18.1 0.0136 22.5 12.6 0.0215 53.6
15.00 20.5 19.5 15.1 0.0136 19.5 13.1 0.0127 44.7
30.00 20.5 17.0 126 0.0136 17.0 13.5 0.0091 373
60.00 20.5 15.5 11.1 0.0136 15.5 13.8 0.0065 32.9
120.00 20.5 14.5 10.1 0.0136 14.5 13.9 0.0046 29.9
250.00 20.5 13.0 8.6 0.0136 13.0 142 0.0032 254

TES TECH




Boulders | Cobbles Gr.avel Se.md - Fines
Coarse Fine Total Coarse Fine Total Silt Clay Total
0.0 0.0 0.0 2.0 2.0 2.7 3.1 5.8 61.6 30.6 92.2
D1g D45 Do D3g Dgo DBgg D35 Dgp Dgs
0.0047 0.0174 0.0276 0.0432 0.0492 0.0611 0.3193
Fineness
Modulus
0.22

TES TECH




Location: B-002-0-08 (S-3)
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GRAIN SIZE - mm.
% Boulders o +3° o Gravel o %Sand L . ThFimes
Cogrse ! Fine Coarse Fine Sitt Clay
0.0 0.0 0.0 ; 0.0 5.0 i 4.4 62.9 27.7
SIEVE PERCENT SPEG.” PASS? Material Description
SIZE FINER PERCENT (X=NO) brown Silt and Clay
#10 100.0
#20 97.1
#40 95.0 .
Atterberg Limits
#60 93.7 PL= 2] Li= 32 Pl= 11
#100 92.7 B ~
#200 90.6 Coefficients
Dg5= 0.0394 Dgp= 0.0234 Dgp= 0.0187
D3g= 0.0068 D45= Dyo=
Cy= Cc=
Classification
USCS= CL ODOT= A-6a(8)
Remarks
Date Received: 2/14/08
Lab No.: 0128
* (no speciﬁcation.provided)
Sample Number: 0128 Depth: 6.0' - 7.5

Date: 2/20/08

TES TECH

Dayton, Ohio

Client: HDR Engineering, Inc.
Project: ODOT District 9 Portsmouth Bypass, SCl1-823-0.00/6.81, P1D
#19415 - Minford, Ohio

Project No: 25506 File No.




GRAIN SIZE DISTRIBUTION TEST DATA 3/5/2008

Client: HDR Engineering, Inc.

Project: ODOT District 9 Portsmouth Bypass, SCI-823-0.00/6.81, PID #19415 - Minford, Chio
Project Number: 25506

Location: B-002-0-08 (S-3)

Depth: 6.0'- 7.5’ Sample Number: 0128

Material Description: brown Silt and Clay

Date: 2/20/08 PL: 21 LL: 32 Pl 11
USCS Classification: CL AASHTO Classification: A-6(10)

Ohio DOT Classification (if different from AASHTO): A-6a(8)
Testing Remarks: Date Received: 2/14/08

Lab No.: 0128
Dry Cumulative Cumutative
Sample Pan Sieve Weight
and-Tare Tare Tare Weight Opening Retained Percent
{grams) {grams) (grams) Size (grams) Finer
231.71 14.36 0.00 #10 0.00 100.0
50.51 0.00 0.00 #20 1.45 97.1
#40 2.53 95.0
#60 3.16 93.7
#100 3.71 92.7
#200 4.75

Hydrometer test uses material passing #10
Percent passing #10 based upon complete sample = 100.0
Weight of hydrometer sample =50.514
Hygroscopic moisture correction:
Moist weight and tare = 51.34
Dry weight and tare=  51.15
Tare weight = 34.73
Hygroscopic moisture = 1.1%
Automatic temperature correction
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. Diameter Percent
Time (min.} (deg. C.} Reading Reading K Rm Depth {mm.) Finer

1.00 20.5 47.0 42.6 0.0136 47.0 8.6 0.0397 85.2
2.00 20.5 41.0 36.6 0.0136 41.0 9.6 0.0297 732
5.00 20.5 31.0 26.6 0.0136 31.0 11.2 0.0203 53.2
15.00 20.5 25.0 20.6 0.0136 25.0 12.2 0.0122 412
30.00 20.5 22.0 17.6 0.0136 22.0 12.7 0.0088 352
60.00 20.5 19.0 14.6 0.0136 19.0 13.2 0.0064 2902
120.00 20.5 18.0 13.6 0.0136 18.0 133 0.0045 272
250.00 20.5 15.5 11.1 0.0136 15.5 13.8 0.0032 22.2

TES TECH




Gravel Sand Fines
Boulders | Cobbles —c =/ Fine Total Coarse i Total Siit Clay Total
0.0 0.0 0.0 0.0 0.0 5.0 94 62.9 27.7 90.6
D1g Dis D2p D3p Dsg Dso Dgo Dgs Dgg Dgs
0.0068 0.0187 0.0234 0.0343 0.0394 0.0537 0.4263
Fineness
Modulus
0.19

TES TECH
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GRAIN SIZE - mm.
o/ Boulders of +3" % Gravel B Lok :Sa{‘g__A.A_, e % F..'_f“,?s‘.[.._. e
Coarse Fine Coarse : Fine Silt ; Clay
0.0 0.0 0.0 6.9 1.2 ! 6.6 54.2 : 31.1
SIEVE PERCENT SPEC.” PASS? Material Description
SIZE FINER PERCENT {(X=NO) brown Sl]ty Clay
5 100.0
375 99.1
#4 96.1 . .
#10 931 Atterberg Limits
0 9.4 PL= 20 LL= 36 Pi= 16
#40 91.9 Coefficients
#60 90.7 Dgs= 0.0740 Dgg= 0.0287 Dgp= 0.0210
#100 88.9 D3p= 0.0043 Dqg= Dqp=
#200 853 Cy= Ce=
Classification
USCSs= CL CDOT= A-6b(10)
Remarks
Date Received: 2/14/08
Lab No.: 0128
¥ (no specification provided)
Sample Number: 0128 Depth: 2.5'-4.4'
Location: Shelby Tube B-002-0-08 2.5-4.4' Date: 2/22/08
TES TECH Client: HDR Engineering, Inc.

Project: ODOT District 9 Portsmouth Bypass, SC1-823-0.00/6.81, PID
#19415 - Minford, Ohio

Dayton, Ohio Project No: 25506 File No.




GRAIN SIZE DISTRIBUTION TEST DATA 3/52008

Client: HDR Engineering, Inc.

Project: ODOT District 9 Portsimouth Bypass, SCI-823-0.00/6.81, PID #19415 - Minford, Ohio
Project Number: 25506

l.ocation: Shelby Tube B-002-0-08 2.5-4.4'

Depth: 2.5 -4.4' Sample Number: 0128

Material Description: brown Silty Clay

Date: 2/22/08 PL:20 LL: 36 Pi: i6
USCS Classification: CL AASHTO Classification: A-6(13})

Ohio DOT Classification (if different from AASHTO): A-6b(10)
Testing Remarks: Date Received: 2/14/08

I_,ab No : 0128
Dry Cumulative Cumulative
Sample Pan Sieve Weight
and Tare Tare Tare Weight Opening Retained Percent
(grams) {grams) {grams) Size {grams} Finer
1364.90 973.32 0.00 5 0.00 100.0
375 3.57 99.1
#4 15.12 96.1
#10 26.88 93.1
56.99 0.00 0.00 #20 0.42 92.4
! 140 0.78 91.9
#60 1.52 90.7
#100 2.59 88.9

Hydrometer test uses material passing #10
Percent passing #10 based upon complete sample = 93,1
Welght of hydrometer sample =56.992
Hygroscopic moisture correction:
Moist weight and tare = 96,34
Dry weightand tare = 95,71
Tare welght = 49.68
Hygroscopic moisture = 1.4%
Automatic temperature correction
Composite correction {fiuid density and meniscus height) at 20 deg. C = -4.5
Meniscus correction only = 0.0
Specific gravity of solids = 2.65
Hydrometer type = 1521
Hydrometer effective 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 21.0 45.5 41.2 0.0135 45.5 8.8 0.0401 68.2
2.00 21.0 41.0 36.7 0.0135 41.0 9.6 0.0295 60.8
5.00 21.0 33.5 292 0.0135 33.5 10.8 0.0198 48.3
15.00 21.0 28.5 24.2 0.0135 28.3 116 0.011% 40.0
30.00 21.0 26.0 21.7 0.0135 26.0 2.0 0.0085 359
60.00 21.0 24.0 19.7 0.0135 24.0 12.4 0.0061 325
120.00 21.0 22.5 182 00135 22.5 12.6 (.0044 301
250.00 21.0 21.0 16.7 00135 21.0 12.9 0.0031 27.6
1440.00 21.0 19.0 147 0.0135 19.0 3.2 0.0013 243

TES TECH




Gravet Sand

Boulders | Cobbles Coarse Fine Total Coarse Fine Total

0.0 0.0 0.0 6.9 6.9 1.2 6.6 7.8

B0 D15 Ban D3p Dso Dso Dgo Dgg Dgg Dgg

0.0043 0.0210 0.0287 0.0601 $3.0740 0.2119 3.6322

Fineness
Modulus

0.46

TES TECH
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Appendix D
Supplemental Boring Logs and Core Photos






Appendix E
Analyses
Bearing Capacity — Spread Footing

Embankment Consolidation Settlement
Slope Stability Analyses



Project: 5CI-823-6.81 PID 19415 Computed: DMV paer  11-Apr-08

ONE COMPANY Subject: S.R. 823 over Swauger Valley-Minford Road (CR-31)  Checked; JSA Date:  11-Apr-08
g, : leny Solutions™ Task: Spread Footing - Piers Page: of

Job #: 45878 No:
Objective: Determine Allowable Bearing Capacity
Reference: AASHTO 17th Edition (2002), Section 4.4.8.1

Report of Subsurface Exploration: Bridge and MSE Retaining Walls, SR 823 over Swauger Valley-
Minford Road, SCI-823-0.00 Portsmouth Bypass, Scioto County, Ohio; DLZ Ohio, Inc, 9/26/06

Given: Proposed Bottom of Footing (BOF) elevation = Varies feet
Assume: Spread Footings
Sfro= 4,000 psi < 251t |
288 tsf : '
Brin = 25 feet
L= 15 feet l<—2°“-—>| \L
L, = feet 15 ft.
6 ft.
T= 4 feet —_
Df= 6 feet 'T‘
Proposed BOF = Varies feet
Li/B= 0.6 (NTS)

Subsurface conditions are represented by Borings B-5, B-6, B-7, B-8 and B-9
Strata  Top El. Bottom El. REC%avg RQD%avg Strength

(feet) (feet) (tsf)  (psi)
B-5 SNDST 6425 to 6325 95% 83% 603.5 8,382
B-6 SNDST 6294 to 609.4 98% 85% 966.1 13,418
B-7 SNDST 6555 to 6455 81% 76% 5736 7,966
B-8 SNDST 630.9 to 610.9 91% 80% 791.8 10,997
B-9 SNDST 6435 to 6335 98% 66% 587.0 8,153

Average 704.4 9783.2
Factor of Safety, FS = 3 [AASHTO, Section 4.4.8.1.3]

Compressive Strength of Bearing
Strata, C,=  573.6 tsf (AASHTO, Section 4.4.8.1.2)

Ground Water Table Varies feet
Rock "Category” = B [AASHTO, Table 4.4.8.1.2B]

RMR Rating = 55  [Geomechanics Classification System, see attached worksheet]
[using average value calculated for strata-within 1B of BOF}

Nms = 0.15379  [Interpolated using AASHTO, Table 4.4.8.1.2A]

Calculation: Quit = Nips Co = 88.2 tsf= 176.4 ksf= 176,413 psf
[AASHTO 4.4.8.1.2-1]

=> Qi = QulFS = 29.40 tsf = 58.80 ksf = 58,804 psf |

=> Check Unconfined Compressive Strength of Rock (from testing)

2940 < 5736 OK
tsf tsf

=> Check Allowable Stress in Concrete, o, = O.Sf‘c

2940 < 86.40 OK
tsf tsf
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SCI-823-0837 RMR Sheet 1 of 1

4/16/2008
Input Data Sheet

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

I [ l

General Rock Parameters B-5 ‘B-6 B-7 B-8 B-9 Value Rating
: R English Metric -

Surface Elevation 644.00 | 535.90 | 658,00 | 638.40 | 647.50 644.76 st | 19652 Im 7
Depth to Rock @ Bottom of Footing 1.50 6.00 | 2.50 7.50 | 4.00 4,30 feet 1.31
Layer Thickness (feet) 10.00 | 20.00 { 10.00 | 20.00 [ 10.00 15.71 feet 4.79
Point-load Strength Index (psi) Oipsi 0.00
Uniaxial Compressive Strength, Co (psi) 8,382 113.418] 7,966 | 10,997| 8,153 10,476 |psi 72.25
Rock Quallity, RQD 83% | 85% | 76% | 80% | 66% 7% 79%
Spacing of Discontinuities (inch) 4.00 | 12.00 ] 2.00 2.00 2.00 5.14dinch | 130.63
Condition of Discontinuities (rough/weathered) Moderately to Highly Weathered

Discontinuity Separation (inch) 0.00[Inch 0.00
Ground water
Strike & Dip

SNDST |SNDST|SNDST|SNDST|SNDST Fair Rock 55 | & (UsSel
[
l Weighted Average of individual strata {see below 56 l
e e
-'Specific:Rock Strata'Parameters B-5 ! ©. Value Rafing
EE o : ‘English Metric

Surface Elevation 644.00 644.00lteet | 196.29 |m V2207777
Depth to Top of Layer (feet) 1.50 1.50 feet 046 |m ///,// .
Layer Thickness {feet) 10.00 10.00 jfoet 3.05 im i
Point-load Strength Index {psi) 0 Qlpsi 0.00
Uniaxial Compressive Strength, Co (psi) 8382 8,382 psi 57.81
Rock Quallity, RQD 83% 83% 83%
Spacing of Discontinuities {inch} 4.00 4.00(inch | 101.60
Condition of Discontinuities {rough/weathered) Moderately to Highly Weathered

Discontinuity Separation (inch){ 0.00 0.00]Inch 0.00

Ground water

Strike & Dip
SNDST Fair Rock
.7 Speific Rock Strata Parameters B-6 TR Va’lue N -] Rating
S e S . -English: Metric )
Surface Elevation 635.90 635.90]set | 193.82 %//é%
Depth to Top of Layer (feet) 6.00 6.00|feet 1.83 7 /// _
Layer Thickness (feet) 20.00 20.00}feet 610 (m P /
Point-load Strength Index (psi) 0 O|psi 0.00 |MPa
Uniaxial Compressive Strength, Co (psi} 13418 13,418psi 92.54 |MPa 9
Rock Quallity, RQD 85% 85% 85%
Spacing of Discontinuities (inch) 12.00 12.00)inch | 304.80  |mm
Condition of Discontinuities {rough/weathered) Moderately Weathered ?/
Discontinuity Separation (inch) 0.00 0.00}inch 0.00  [mm
Ground water
Strike & Dip
SNDST Good Rock
- Specific Rock Strata Parameters . - - ’ B-7 Value
Lo DR : English Metric
Surface Elevation 658 658.00]feet | 200.56
Depth 1o Top of Layer (feet) 2.5] 2.50]feet 0.76
Layer Thickness (feet) 10 10.00 [feet 3.05
Point-load Strength Index (psi) 0 Olpsi 0.00
Uniaxial Compressive Strength, Co (psi) 7966 7,966 |psi 54.94
Rock Quallity, RQD 76% 76% 76%
Spacing of Discontinuities (inch) 2.00 2.00linch {  50.80
Condition of Discontinuities (rough/weathered) Moderately to Highly Weathered
Discontinuity Separation (inch) 0, 0.00{inch 0.00
Ground water
Strike & Dip
SNDST] Fair Rock
Specific Rock:Strata-Parameters B-8 Vallue . Rating
s English © - Metric .
Surface Elevation 638.4 638.40|fect | 194.58
Depth to Top of Layer (feet) 7.5 7.50]feet 2.29
Layer Thickness (feet) 20 20.00}feet 6.10
Point-load Strength Index {psi) 0 0[psi 0.00
Uniaxial Compressive Strength, Co (psi) 10997 10,997 [psi 75.84
Rock Qualiity, RQD 80% 80% 80%
Spacing of Discontinuities (inch) 2 2.00inch |  50.80
Condition of Discontinuities (rough/weathered) Moderately to Highly Weathered
Discontinuity Separation (inch} 0 0.00]Inch 0.00
Ground water
Strike & Dip
~ SNDST Fair Rock
Specific Rock Strata Parameters B-9 Value
o e - . English - -~ Metric
Surface Elevation 647.5 647.50
Depth to Top of Layer (feet) 4 4.00
Layer Thickness (feet) 10 10.00]feet 3.05
Point-load Strength Index (psi} 0 Olpsi 0.00
Uniaxjal Compressive Strength, Co (psi) 8153 8,153.00}psi 56.23
Rock Quallity, ROD 66% 66% 66%
Spacing of Discontinuities (inch) 2 2.00{inch | 50.80
Condition of Discontinuities {rough/weathered) Moderately to Highly Weathered
Discontinuity Separation (inch) 0 0.003inch 0.00
Ground water
Strike & Dip

SNDST Fair Rock

]
|
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TABLE B-2. Geomechanics Classification of Jointed Rock Masses

PARAMETER

RANGES OF VALUES

(g} Classification Parometers and their rafings

Pointload strength

For this low range

ndex >10 MPa 4-10 MPa 2-4 MPa 1-2 MPa vniaxial compressive
H E.
Strength of infoct fest is praferred
rock material Unfandal 5251 1
niaxia 250 MPa 100-250 MPa 50-100 MPa 25-50 MPa - =5 | <l
compressive strength MPa | MPa | MPa
Rating 15 12 7 4 2 1 0
Drill core quality ROD 20-100% 75-90% 50-75% 25-50% <25%
Rating 20 17 i3 8 3
Spacing of disconfinvities >2m ! 0.6-2m w 200-600 mm 60-200 mm <60 mm
Roting 20 15 10 8 5
Very rough surfaces | Slightly rough sur- | Stightly rough sur- Slickensided

Condifion of discontinuities

Not confinuous
No separation

faces

Separotion < 1 mm

faces
Separation <1 mm

surfaces OR Gouge
< 5 mm thick OR

Soft gouge > 5 mm
thick OR Separation

Unweathered woll

Slightly weathered

Righly weathered

Separation 1-5 mm

> 5 mm Continvous

rock walls walls Continuous
Rofing 30 25 20 10 0
Inflow per 10 m None < 10 L/min 10-25 {/min 25-125 L/min > 125
tnnel length
QR QR OR OR OR
Ratio
Ground waler | Joint woter pressure 0 0.0-0.1 0.1-0.2 0.2-0.5 0.5
"“major principal
stress
OR OR OR OR OR
Generol condifions Completely dry Damp Wet Dripping Flowing
Rating 15 10 7 4 D
{&} Rating Adjustment for Joint Orientations
Strike and dip orientations of joints Very fovorable Fovorable Fair Unfavorable Very unfavorable
Tunnels 0 -2 -5 ~10 =12
Ralings Foundations 0 -2 -7 -15 ~25
Slopes 0 -5 ~25 ~50 -80
{c) Rock Mass Classes Determined from Total Ratings

Raiing 100¢-81 8061 60641 40621 <20

Class number ! I i} v v

Deseription Very good rock Good rock Fair rock Poor rock Very poor rock
{d) Meaning of Rock Mass Classes
Closs number | I i v v
Averoge stand-up fime 10 years for 15m | & months for 8 m 1 wesk for 5 m span 10 houss for 2.5 m | 30 minuvtes far 1 m
span span span spon
Cohesion of rock mass >400 kPa 300-400 kPa 200-300 kPa 100-200 kPo < 100 kPa

Friction ongle of rack mass >45° 35-45° 25-35° 15-25° <15°
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Table 600-14. Degree of Fracturing in Bedrock

Description

Spacing

Jaa /OUJB .

€

Unfractured

Greater than 10 ft.

rangg,

Intact

3 ft. to 10 ft.

Slightly Fractured

1 ft. to 3 ft.

Moderately Fractured

41in. to 12 1n.

Fractured

2 in. to 4 in.

Highly Fractured

Less than 2 1n.
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should be used to determine qn. Alternatively, Table
4.4.8.1.2B may be used as a guide to estimate C,. For
rocks defined by very poor quality, the value of gy, should
be determined as the value of gy for an equivalent soil
mass,

4481 3 Factors of Safety ’

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

4.482 Settlement

4.482.1 Footings on Competent 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 the:
time-dependent component of settlement.

4.4.8.2.2 Footings on Broken or Jointed Rock

~ ‘Where the criteria for competent rock are‘no't met, the
influence of rock type, condition of discontinuities and de-:
gree of weathering shall be considered in the settlement
analysis. .
The elastic. settlement of footings on broken or jointed
rock may be determined using the following:

e For circular (or square) footings;

For footings on competent rock, elastic settiements Wil
generally be less than %2 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

p = qo (I — VOL/E,, with I, = (V)/B,
(4.4.82.2-1)

o For rectangular foot:'mgs;,

TABLE 4.4.8.1.2A  Values of Coefficient N, for Estimation of the Ultimate Bearing Capacitf of Footings on
Broken or Jointed Rock (Modified after Hoek, (1983))

Rock Mass RMR®

Quality General Description

_Rating

NGI®
Rating

RQD®
(%)

Nma(4)

A B cC- D E

Excellent Intact rock with joints spaced 100

> 10 feet apart

Tightly interlocking, undis-
turbed rock with rough
unweathered joints spaced 3 to
10 feet apart.

Fresh to slightly weathered
rock, slightly disturbed with
joints spaced 3 to 10 feet apart

Very good 85

65

G

Rock with several sets of mod-
erately weathered joints spaced
1 to 3 feet apart

Rock with numerous weathered
joints spaced 1 to 20 inches
apart with some gouge

Rock with numerous highly

weathered joints spaced <2
inches apart

Fair

Poor 23

Very poor

500 95-100 38 43 50 52 6.1

100 9095 14 16 19 20 23

10 75-90 028 032 038 0.40 0.46

50-75 0.04%9 0.056 0.066.. 0.069 0.081

0.1 25-50  0.015 0.016 0.019 0.020 0.024

0.01 <25 Use qu for an equivalent soil mass

MGeomechanics Rock Mass Rating (RMQ) \Systcm—Bxcmawshl 1988,

@Norwegian Geotechnical Institte (NGI) Rock Mass Classification System, Barton, et al,, 1974,
®Renge of RQD values provided for general guidance cnly; actual determination of rock mass quality sbould be based on RMR or NGI rating

systems.

@vatue of N,,,, as & function of rock type; refer to Table 4.4, 8 1 2B for typical range of values of C, for different rock type in each category.
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TABLE 4.4.8.1.2B  Typical Range of Uniaxial Compressive Strength (C,) as a Function of
Rock Category and Rock Type
(3]
Rock Co
Category General Description Rock Type - (ksf) (psi)
A Carbonate rocks with well- Dolostone 700- 6,500 4,800-45,000
developed crystal cleavage Limestone 500- 6,000 3,50042,000
Carbonatite 800- 1,500 5,500-10,000
Marble 800- 5,000 5,500-35,000
Tactite-Skarn 2,700- 7,000 19,000-49,000
B , Lithified argillaceous rock Argillite 600- 3,000 4,200-21,000
: Claystone 30- 170 200- 1,200
Marlstone 1,000~ 4,000 7,600-28,000
Bascd o desceiphen Phyllite 500- 5,000 3,500-35,000
+ Visoal el ficks —— Siltstone 200- 2,500 1,400-17,000
P wancby reck wobs fosborsse  Shale® 150- 740 1,000- 5,100
2 7 Fomeesp 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

“Range of Uniaxial Compressive Strength values reported by various investigations,

®Not including oil shale.

p = Go (1 — v)BL/E,, with [, = (L/B)"/B,
(4.4.8.2.2-2)

Values of I, may be computed using the R, 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 (v) for typical rock
types are presented in Table 4.4.8.2.2A. Determination of
the rock mass modulus (E,,) 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
(E,) obtained from uniaxial compression tests by a reduc-
tion factor (ag) which accounts for frequency of disconti-
nuities by the rock quality designation (RQD), using the
following relationships (Gardner, 1987):

En = ogE, (448.2.2-3)

ag = 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 E,
(such as presented in Table 4.4.8.22B 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 az = 0.15 should be used to estimate E,.

44.82.3 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 footin gs located on



Job No. 000000000045878 PID No. 19415
HDR Computation
[Project  SCI-823-0.00/6.81 Portsmouth Bypass Phase | |computed JSA  oate 3/17/2008
[subject  Bridge No. SCI-823-0837L |checked |Date
lTaSk Primary Consolidation Settlement Evaluation (Rear Abutment) |Sheet 1 lOf 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 HI-97-021 (1997)
Assumptions:
1. Terzaghi's one-dimensional consolidation theory applies.
Stress Due to Additional Fill (Embankment}) Groundwater Table: D= 4 ft
o b & I Embankment Height: H= 44  ft
1T 1 Fill Unit Weight:  vyemp= 125  pcf g= 5500 psf
¢ \ Surcharge: P= 240 psf
Q Width of Slope: a= 88 ft
- Top half-width of Emb.: b= 50
o 13 " x Distance from CL: X = 0
Output Range: z= 0 to 112 #t
Drainage: Single
(xsy,z)
z
v

o, (z) = (EL) (o @)+ @) +a' @)+ b-(a(z)+a'(2) + x- (a(z) - &' (2))

ﬂ(z) =a tan[ujf +a tan[—@iﬁ}

z z
a'(z) =a tan[w} —-a tan{MJ
z z
a(z) = g tan {M] —a tan[M]
z z
. N Bottom N O P Ac)’
Layer No.  Soil Description Layer a(z) o'(z) B(z) (p Svf) (psf)  (psf)
1 Silty Clay (A-6a) 5.5 2.75 0.0 0.0 3.0 5433.7 240 5673.7
2 Silt & Clay (A-6b) 11.2 8.35 0.1 0.1 2.8 5298.9 240 5538.9
3
4
5
6
7
8
9
10

Note: Profile based on Boring B-002-0-08.
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Job No.
HDR Computation
[project  SCI-823-0.00/6.81 Portsmouith Bypass Phase | |computes JSA  oate 3/17/2008
LSubject Bridge No. SCI-823-0837L ,Checked ,Date
lTask Primary Consolidation Settlement Evaluation (Rear Abutment) [Sheet 2 [Of 2

Normally Consolidated Soil

Overlyconsolidated Soil (o"3<o";)

1 +e, o, Tte, o o

Overlyconsolidated Soil (o')<o'.<0y)

(‘—\—‘[C’ log (UCW C. gy (Ufﬂ

S /_JL1+eO a ) 1+ e, L JJ

. o Bottom Ysol . Ao, of o'

Layer No. Soil Description Layer (bcf) o (psf) (psf) (psh) (psh) C. C, e, S
1* Silty Clay (A-6a) 5.5 122 335.5 5673.7 6009.2 6200.0 0.09 0.01 0.528 0.041
2* Silt & Clay (A-6b) 11.2 122 917.1 5538.9 6456.0 6200.0 0.09 0.01 0.528 0.142
3
4
5
6
7
8
9
10

Note: 0.183 ft

B-002-0-08.

1) C,, C., Ysoi @nd &g from consolidation test with pore pressures at

Total Settlement 2.202 in

TIME RATE OF CONSOLIDATION

C
Uav T Ha (ftzlc:av) Time Time Rate of Consolidation
10 0.01 1.2 0.821 100 .
20 0.03 112 0.821 5 %0 L
30 0.07 112 0821 11 5 N
40 0.13 112 0.821 20 & al
50 0.20 112 0.821 30 g 70 /S
60 0.29 112 0.821 44 g 60 /
70 0.40 112  0.821 62 g 50 7
80 0.57 11.2 0.821 87 § 40 7
90 0.85 112 0.821 130 g 30
99.9 2.71 112 0.821 415 20
Note: 10
1) C, from Consolidation test with pore pressures 0 ’ . ' :
at B-002-0-08. 0 100 200 300 400
Days
U.., T, Time

Time to reach 0.5 in settlement remaining: 77

ool 0.52  smmeap> 79 days




Job No. 000000000045878 PID No. 19415

HDR Computation

lProject  SCI-823-0.00/6.81 Portsmouth Bypass Phase | |computed JSA  |pate 3/17/2008
|subject ~ Bridge No. SCI-823-0837L [checked |pate

|Task Primary Consolidation Settlement Evaluation (Forward Abutment) |sheet 1 |or 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 Hi-97-021 (1997)
Assumptions:

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

Stress Due to Additional Fill (Embankment) Groundwater Table: D= 8 ft

a b b ° Embankment Height: H= 38 ft
3 e i Fill Unit Weight:  Yems= 125  pef q= 4750 psf
i Surcharge: P= 240 psf
9 Width of Slope: a= 76 ft
. Top half-width of Emb.: b= 50
o f o’ x Distance from CL: X= 0
Output Range: z= 0 to 101 ft

Drainage: Single

(xrys2

o (z) = (ﬂq—a) (a-(@(@2)+ BE)+ @ ())+b-(@(2) +a'(2) +x-(a(2) - a'(2)))
,6’(2) =a tan[Mj! +a tan[glii)jl
zZ

z
@ (z) =a tan[MJ —a tan[g—x):l
Z z
a(z) =a tan[wJ ~ a tan [M}
Z z
- - Bottom , o, P Ao,
Layer No. Soil Description Layer z a(z) a'(z) B(z) (psh) (psf) (bsh
1 Silty Clay (A-6b) 3 1.5 0.0 0.0 3.1 4715.8 240 4955.8
2 Silt (A-4b) 10.1 6.55 0.1 0.1 29 4600.8 240 4840.8
3
4
5
6
7
8
9
10

Note: Profile based on Boring B-001-0-08.
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HDR Computation

|Project ~ SCI-823-0.00/6.81 Portsmouth Bypass Phase | [computed JSA  |pate 3/17/2008
Isuiect  Bridge No. SCI-823-0837L |checked Date
[Task Primary Consolidation Settlement Evaluation (Forward Abutment) |sheet 2 o 2

Normally Consolidated Soil Overlyconsolidated Soil (0'y<0”.)

0
v

C o
S:Z ——¢ . H -log| —L- S:Z C, ‘H -log O'{
1+ e, o, L+ e, o

Overlyconsolidated Soil (o'y<0’.<0})

S_V{Cr K

f -

og(o-lc,wﬁ— C“ If leg(af,‘ﬂ
Lo, ) l+e, Lo, )]

“ltte,

. . Bottom Y soit . Ao, o o,
LayerNo.  Soil Description Layer (peh) o (psf) (bs (psff) (pscf) C. c, €, s

1+ Silty Clay (A-6b) 3 122 366.0 49558 5321.8 6200.0 0.09 001 0.528 0.012
2 Silt (A-4b) 10.1 122 7991 48408 5639.9 5639.9 009  0.01 0528 0.056
3
4
5
6
7
8
9
10

Note: 0.069 ft

1) Cy, C,, Yson @nd &g from consolidation test with pore pressures at Total Settlement 0.822 in
B-002-0-08.
TIME RATE OF CONSOLIDATION
c, .

Uar T Har (it%/day) Time Time Rate of Consolidation
10 0.01 10.1 0.821 1 100 °
20 0.03 101 0821 4 %0 L
30 0.07 101 0.821 9 50 /
40 0.13 0.1 0.821 16 9 /
50 0.20 0.1 0.821 25 g /
60 0.29 101 0.821 36 g 60 7
70 0.40 101 0.821 51 £ 50 7
80 0.57 101 0.821 71 @ 40
90 0.85 10.1 0.821 106 £ 30 [

99.9 2.71 10.1 0.821 338 oo

Note: 10

1) C, from Consolidation test with pore pressures 0 ' ] ‘ . ' ‘
at B-002-0-08. 0 50 100 150 200 250 300 350
Days
Uav T, Time

Time to reach 0.5 in settlement remaining: 39 e 0.12 - 15 days
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