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1. Introduction

Following review and resolution of comments on the Structure Type Study resubmitted in
March 2007, a single span prestressed concrete I-beam bridge with reinforced concrete deck
and semi-integral abutments behind MSE walls was the structure type selected by the
Department on May 30, 2007 for construction of the proposed Ramp B over Fairground
Road bridge.

The proposed bridge has a span length of 96’-10” with a 10°-54’-50” LF skew. The
reinforced concrete deck is 33’-0” wide. Both abutments are located behind MSE walls and
are supported on piles driven to refusal on rock.

The following is a summary of major developments that have occurred on the project and
evolutionary changes made to the structure design since the Structure Type Study was
approved.

[ ]

Vertical Geometry: The vertical alignment of Ramp B has been adjusted from that shown
in the type study to reduce the vertical clearance over Fairground Road and the Norfolk
Southern tracks. However, excess vertical clearance still exists. The Ramp B profile
grade over Fairground Road is dependent upon the SR-823 profile, gore design, ramp
cross slope, and the required profile elevation needed at the railroad crossing. The end
of the Fairground Road structure for Ramp B is approximately 200’ from the merge point
with SR-823. This short distance does not allow significant changes to the ramp profile
in this area because of the need to tie into SR-823. The SR-823 profile is controlled by the
following factors:

o A culvert must be provided at SR-823 STA. 869+00 for an existing drainage swale.
The profile was adjusted in this area before the interchange so that a culvert could be
installed.

o The 3% grade in the interchange area exceeds recommended critical length of grade.
ODOT L&D Vol. 1, Figure 203-1a shows that over a length of 3000” on a 3% upgrade,
truck speeds are reduced by approximately 15 mph. A 10 mph reduction in speed is
the recommended guideline for lengths of critical grades. Providing a steeper profile
grade would further reduce truck speeds.

o A steeper grade would increase the amount of rock cut along SR-823 and project
costs. Because the project has a significant amount of excess fill material (millions of
cubic yards), the project team has attempted to reduce rock cut whenever possible.

Therefore, all of these factors culminated in the Ramp B vertical clearance over
Fairground Road exceeding the minimum required vertical clearance by 5™-7".

Horizontal Geometry: The horizontal geometry of Ramp B has not changed since the type
study.

Bridge Substructure: The location of the abutments has changed. During the Structure
Type Study, the abutments were located in accordance with ODOT BDM Figure 330, as
there is a minimum of 3’-0” clearance between the back face of the MSE wall and the
front face of the abutment footing. This location provided sufficient clearance for either



a pile supported abutment or for an abutment with a spread footing. During
preliminary design it was determined that the abutments will be supported by piles,
thereby allowing the abutments to be moved closer to the MSE wall. The abutments are
now located in accordance with ODOT BDM Figure 331, as there is a minimum of 3’-6”
between the back face of the MSE wall and the centerline of the front row of piles. The
distance between the back face of the MSE wall and the front face of the abutment
footing is now a minimum of 2'-0”.

The bottom of footing elevations for both abutments have been modified to reflect the
lowered profile. The rear abutment bottom of footing elevation is now 581.50, while the
forward abutment bottom of footing elevation is now 584.40.

Both abutments will be supported on steel H-piles. In the Structure Type Study
submission, the possibility of using spread footings was mentioned as a way to avoid
driving piles through the recommended deep soil-mixed subsurface below the MSE
walls. However, since it has since been determined that deep soil mixing ground
remediation is not necessary at this location, both abutments will be supported by piles.

Bridge Superstructure: The number of prestressed concrete beams has changed since the
Structure Type Study submission.

During the Structure Type Study, it was proposed that the superstructure would consist
of 4-AASHTO Type 4 beams spaced at 9"-0”. During preliminary design, it was found
that such a configuration would result in a heavily reinforced beam design. Although
this structure is on a horizontal curve, the prestressed beams will be straight and parallel
to one another. This results in varying overhang widths along the length of the bridge.
Using a deeper beam with a wider top flange was avoided because an increased width
of the top flange would have further reduced the minimum overhang dimensions. As a
result, the beam spacing has been reduced and a beam line has been added in order to
achieve a beam design that is in close accordance with the requirements of the ODOT
BDM. During preliminary design, CH2M HILL determined that using 5-AASHTO Type
4 (54”) beams spaced at 6'-10 1/2” result in a beam design requiring a concrete release
strength of 5500 psi and a 28-day concrete strength equal to 7000 psi. This design is a
slight deviation from the recommended concrete release strength of 5000 psi specified in
the ODOT BDM. CH2M HILL contacted the Ohio Prestressers Association to confirm
that such a design could be fabricated at no additional cost. They have confirmed that a
release strength of 5500 psi can be obtained at no additional cost, and this
correspondence can be found in Appendix E of this report. In addition, vertical
clearance calculations reflecting both this adjusted beam spacing and the new Ramp B
profile can be found in Appendix D of this report.

Aesthetics: Aesthetic treatments for this structure and site could include concrete staining
or coatings, form liners for the substructure, railing on MSE walls, landscaping, etc. At
this time, it is ODOT'’s intent not to provide aesthetic treatments for this structure or site.



2. Design Criteria
The following design criteria apply to this structure, Ramp B over Fairground Road:

Functional Classification: Directional Ramp
Traffic Data: ADT (2010) 2,700

ADT (2030) 3,600

ADTT (2030) 500

Design Speed 35 mph

Legal Speed 30 mph
Vertical Clearance: Fairground Road = 15’-0”, minimum
Horizontal Clearance: Fairground Road = 30'-0”, minimum

3. Maintenance of Traffic

The proposed Ramp B alignment will carry traffic exiting northbound US-23 onto
southbound SR-823. Because the Ramp B alignment is new construction, maintenance of
traffic during construction of the Ramp B bridge over Fairground Road will be limited.

With the exception of limited Fairground Road closure for superstructure beam setting, as
well as traffic safety precautions throughout bridge construction, no additional maintenance
of traffic solutions will need to be investigated.

4. Foundation Recommendations

Subsurface investigations for the SCI-823-10.13 project have been conducted in two phases.
The boring program is complete, and included all of the proposed pavement and
embankment borings, borings for MSE walls, and bridge borings.

Four borings at the Ramp B bridge over Fairground Road were taken during the first phase
and two borings during the second phase. Based on these borings, foundation
recommendations have been made by DLZ. Geotechnical engineers at CH2M HILL
performed a brief review of the MSE wall/bridge foundation recommendations contained
in the final subsurface exploration report prepared by DLZ, and provided written comments
in a technical memorandum. A copy of DLZ’s foundation report and CH2M HILL's review
comments are included with this submission in Appendix C.

The semi-integral rear and forward abutments, behind an MSE wall, will be supported by
HP 14x73 H-piles driven to refusal on bedrock. Because the piles will be driven to bedrock,
it is recommended that reinforced pile points be used to prevent the piles from being
damaged. Although reinforced pile points are not required in shale, the predominate
bedrock type in the area of the proposed structure contains interbedded sandstone, which if
driven into, could damage piles. Pile sleeves should be placed from the bottom of the
leveling pad to the pile cap elevation to permit pile installation through the soil reinforced
zone of the MSE wall. The final pile arrangement should consider avoiding potential
conflicts with typical MSE reinforcing strap patterns.



Detailed foundation recommendations for the MSE walls are in a separate report and are
included in the preliminary design report for the MSE walls.

A summary of the foundation recommendations is provided in the following table.

Bottom M Distance:
Estimated ax. Top of | Estimated Pile
Substructure of T ; Design : :
; Type . Pile Tip | Pile Type Pile! to Pile Order
Unit Footing Load ;
Elev. Estimated | Length | Length
Elev. (tons) ; ;
Pile Tip
Semi - ; , ’
Rear Abut. 581.50 543.00 | HP 14x73 95 39.50 40 45
Integral
Semi - , , ,
Fwd. Abut. 584.40 550.60 | HP 14x73 95 34.80 35 40
Integral

1 Assumes top of pile is one foot above bottom of footing

5. MSE Wall Recommendations

Foundation recommendations for the MSE abutment walls will be included with the
Retaining Wall Preliminary Design Report submission.

6. Cost Estimate

An updated bridge cost estimate reflecting the proposed preliminary design for the Ramp B
bridge over Fairground Road is included in Appendix A of this report. The estimate and all
unit prices used are based upon 2006 costs. The estimated construction cost for the MSE
walls will be included with the MSE retaining wall cost estimate, to be included with the
separate Retaining Wall Preliminary Design Report submission.

7. Bridge and Structure File Numbers

Bridge and structure file number assignments have been requested from the Office of
Structural Engineering. They are as follows:

Bridge Number: SCI-823-1593
Structure File Number: 7306717
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TECHNICAL MEMO : CH2MHILL

Review Comments to DLZ’s Geotechnical Report
MSE Walls 1 and 2 - US 23/SR 823 Interchange
Portsmouth, Ohio

PREPARED FOR: Rob Miller/CH2M HILL /COL
Steve Jirschele/COL
Shawn Thompson/COL
PREPARED BY: Christopher Dumas/WDC
DATE: November 2, 2007
Copy: Emad Farouz /WDC
PROJECT NUMBER: SCI-823-10.13

I have reviewed the subject document and provide the following comments.

MSE Wall 2: The DLZ design computations in Appendix IV, page 1 of 21, show a

geotechnical design profile as follows:

a. Ground surface of the boring (elevation 566-ft) to elevation 548-ft (18-ft below
ground surface) is a silty clayey material with an undrained shear strength of
C =1,500 psf.

b. From elevation 548-ft down to elevation 544-ft (22-ft below ground surface) is a
sandy material.

c. Top of Rock is encountered at elevation 544 (22-ft below the ground surface).

d. Water Table is encountered at elevation 550-ft = 16-ft below ground surface.

However, all the MSE Wall 2 borings show a predominately loose sand (79% sand and
gravel) with an estimated friction angle of approximately 28-degree (based on N value
corrected for overburden) at a depth of approximately 8-ft (elevation 558-ft). This layer
extends down an additional 7-ft to elevation 551-ft. The “sand and gravel” layer
encountered is a very loose to loose sandy gravel, also with an estimated friction angle
of approximately 28-degress. This layer extends to the top of rock (elevation 544-ft).

I would recommend re-evaluation of the borings for MSE Wall 2, and performing slope
stability analysis using the profile depicted below in Figure 1. In particular, I
recommend replacing the friction angle of the gravel sand at the rock interface with a
more appropriate value of 28-degrees.

Bearing Capacity and Staged Construction for MSE Wall 2: The three phase staged
construction concept proposed to accommodate the very low bearing capacity Factor of
Safety has several risks:




a. It is time consuming, complex, and has considerable uncertainty for the
contractor. The constructor will need to install instrumentation and avoid
damaging the instrumentation while placing the stages. If he damages them
during placement, he will have to reinstall them during which time there will be
a gap in critical data. In addition, the contractor will not have a defined wait
time.

b. It will require piezometers, settlement platforms, and slope inclinometers to be
installed, maintained, read daily (or more) and interpreted. This will require a
highly qualified Geotechnical Instrumentation engineer to be on site at all times
and be in daily communication with the design engineer.

c. If the wall moves, the contractor will have to unload the wall. Not only will this
create a delay and potential claim, but it will also be difficult to rapidly unload
the wall. It is possible the wall could move completely out of tolerances before
movement is stopped, and total reconstruction could be needed. Additionally, if
the wall moves, it will be risky to try to unload the wall since the last thing we
want to do is a) place additional equipment load and b) place workers in a
situation that could jeopardize their safety.

d. Additionally, it was mentioned that ODOT had some challenging experience
with wire faced MSE walls. It is our opinion that without the use of wire face
MSE wall, the construction of the wall will be very challenging, if not infeasible.
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Figure 1 - Soil Profile for MSE Wall 2

With these considerations in mind, I recommend that the MSE Wall 2 location be over-
excavated an additional 2.5-ft from what has been proposed, and backfilled with MSE
backfill grade material. The proposed scheme has the bottom of the leveling pad at
elevation 560.5 (5.5-ft below grade). Granular soil is at approximately elevation 558-ft or
an additional 2.5-ft. See comment 1. In addition, the water table is well below this
excavation. Advantages include:



a. Simple and rapid.

b. The backfilled over-excavation will eliminate any bearing capacity problems,
improve global stability, and may allow a reduction in the strap length.
However, it may require short shoring,.

3. Slope Stability: This is a major concern, specifically, a weathered shale layer a few inches
thick above competent and hard shale. This is a notoriously common condition in Ohio
that results in many landslides annually.

The borings, such as B-47, described severely weathered light gray shale above the
competent rock. The weathered seam that causes these frequent failures is typically only
a few inches thick, and as such, will not be identified by SPT borings. Typically, these
materials have low effective friction angles which could be as low as 12-degrees.

e -
y, \__P:c‘)?.%\'\ -

L

——CUYAHOGA VALLEY,
(LAKE DEPOSITS)

T CONEMAUGH, MONONGAHELA,
AND DUNKARD GROUPS \

}

SCIOTO VALLEY
(BEDFORD SHALE)

'"Figure 1 - Areas of Ohio Subject to Severe Slope Failures. “In the lower part of the Scioto
River valley, thick colluvium developed on shales of Mississippian age, particularly the Bedford
Shale, is prone to failure.”

This situation applies to both MSE Walls 1 and 2, with it possibly being more acute for
MSE Wall 1 where the depth to rock is only 13-ft. The consequences of this occurring on
these walls during construction or after the bridge is completed and in use could
include:

a. Construction delays while a new design is developed and constructed. The
repair cost will likely be nearly double the cost of performing ground
improvement or other alternative construction methods (see Conclusion and
Recommendations).

b. Delay of improved traffic function.

1 GeoFacts No. 8, Ohio Geological Survey, September 2003,



Road closure and detouring of traffic for 1-12 months, depending on the level of
damage.

. Slip surface will damage or fail the bridge abutment foundations. This could

possibly lead to the girders and deck also being damaged or a span falling off the
abutment bearings. Repair will require underpinning the bridge, removing the
abutment foundation, abutment, MSE wall, and approach embankment,
followed by installation of ground improvement, or other alternative methods,
and complete reconstruction of the abutment foundations, wall, and approach
embankment. If the superstructure is damaged, then the girders and deck may
also need to be replaced.

The slip and movement could be relatively rapid and cause injury to a motorists
or construction workers.

Conclusion and Recommendations

1:;

The use of over-excavation to improve bearing capacity is preferable to multi-phased
staged construction. See comment 2.

The consequence of a slip failure of these walls makes avoidance of this risk an
overriding priority. It is recommended that alternative construction methods be
evaluated. They would include:

i

ii.

iii.

1v.

Ground Improvement such as Controlled Modulus Columns and Vibro-Concrete
Columns.

Pile supported embankment. The shallow depth to rock makes this option
economical. An example could be HP 12x53 driven to rock on ten foot centers
with a small cap placed on top. Approximately three layers of geogrid on 1-2
foot lifts are placed on top. Details of this can be obtained from the FHWA,
Virginia Dot, Geogrid Manufacturers, and the British Standards Institute.
Several have been constructed in highway applications over the last several
years. Details can be provided upon request.

MSE wall supported on two geogrid layers with stone in between and bearing on
timber piles driven to rock. Piles are driven on approximately 5 to 10-ft on
centers and approximately 2-ft thick stone sandwiched between two layers of
geogrid. The wall is then constructed on this stable platform. This has been done
successfully on the VA-288 project.

MSE wall built on top of a pile supported raft foundation. Piles are driven on
approximately 15-ft centers and an approximately 1-ft thick reinforced slab is
poured on top. The wall is then constructed on this stable platform. This has
been done successfully in Virginia on the $750-million Springfield Interchange.
Key advantages include:

a. Much more economical than extending the bridge. No superstructure girders
are required.

b. More economical than CIP walls. The lateral load is taken up by the MSE
wall. There is no need to cast a large and expensive CIP vertical face with
architectural form liners.



3

.

Eliminates the need for costly and time consuming geotechnical
investigation, lab testing, interpretation, and design.

Eliminates the need for Geotechnical Instrumentation.

Eliminates the need for full time Geotechnical expertise being present at the
site full time.

Simple to construct. No new specialized knowledge required in design or
construction.

Eliminates risk and uncertainty in the short term and long term.

It would be advantageous at this stage of project development to complete a geologic
report for the site which includes historical landslide information for the project geologic

area.

Cone Penetrometer Testing (CPT) and soil sampling of the soils at the rock interface
should be performed before additional time and effort is expended on the current
approaches to MSE Walls 1 & 2. Without certainty regarding the presence of the very
soft weathered shale soil interface, significant time and resources could be expended on
a scheme that will later be shown to be non applicable. It could be more productive to
pursue the alternatives listed above until such data becomes available.

Muti-phased staged construction. If this is selected as the preferred alternative, it is
essential that:

a. The preliminary and final design phases establish a detailed Geotechnical
Instrumentation plan:

Instrumentation types, locations, and frequency of readings. At minimum,

the site will likely require:

o Several piezometers and settlement platforms for each wall and high fill
areas. Redundancy will need to be built into the plan to accommodate
instrumentation malfunction/failure/damage.

o One to two slope inclinometers (SI) for each wall face. The walls are very
tall and long. A single SI will not provide adequate coverage of the long
and critical abutment MSE Walls 1 & 2.

o Settlement Platforms.

o Recommend instrumentation references:

» FHWA-NHI-00-043, Mechanically Stabilized Earth Walls and
Reinforced Soil Slopes

» FHWA-NHI-132034, Ground Improvement Manual

» FHWA-HI-98-034, Geotechnical Instrumentation

» AASHTO Subsurface Investigation Manual

Construction Specifications. These should address issues such as:
installation, equipment and methods, qualifications for personnel installing
and monitoring the instrumentation, and contractor damaging and replacing
instrumentations including liquidated damages.



b. A highly qualified Geotechnical Instrumentation engineer to oversee
instrumentation installation, monitor instruments in the field, reduce data,
produce data reports, and communicate (verbal or electronic) with the design
and construction engineer on a nearly daily basis.



TECHNICAL MEMO CH2MHILL

SUPPLEMENTAL: Review Comments to DLZ’s
Geotechnical Report

MSE Walls 1 & 2 - US 23/SR 823 Interchange
Portsmouth, Ohio

PREPARED FOR: Rob Miller/CH2M HILL /COL
Steve Jirschele/COL
Shawn Thompson/COL
PREPARED BY: Christopher Dumas/WDC
DATE: November 5, 2007
Copy: Emad Farouz/WDC
PROJECT NUMBER: SCI1-823-10.13
1. Wall1 & 2: Sheet 12 of 30 of the Retaining Wall Plans dated 8-07 shows cross sections of
the abutments. These indicate approximately 10-ft of fill from the bottom of the
abutment pile cap to the bottom of the approach slab. Assuming the construction
sequence is to build the MSE wall, drive piles through hollow cans, fill the cans with
sand, construct the abutment, and then place the ten feet of fill to bottom of the
approach slab, and no surcharge load is to be placed, then evaluations of the following
should be considered:

a. How much primary and long term secondary settlement will occur after the piles
are driven? This settlement will occur in the soils below the MSE fill and cans.
Therefore, downdrag will need to be considered in the portion of the piles below
the cans.

b. 1If straps are to be placed on the abutment backwall for lateral restraint of the
backfill soils, primary and long term secondary settlement could pull the straps
downward and cause possible rotation of the backwall, structural distress,
and/or break the strap connections.

c. Impact of primary and long term secondary settlement on the approach slab.

BRIDGE PLANS (June 2007)

2. Rear Abutment Section - Ramp B (Sheet 3 of 3): See comment 1 above.
3. Forward Abutment Section - Ramp B (Sheet 3 of 3): The approach embankment and end

slope are approximately 30-ft in height. Since this height of fill is nearly the same as
MSE Wall 2, this approach embankment and end slope will likely be constructed in
stages. Assuming the construction sequence is to build the embankment in stages, drive
piles through hollow cans, fill the cans with sand, construct the abutment, and then
place the ten feet of fill to bottom of the approach slab, and no surcharge load is to be



placed, then evaluation of how much primary and long term secondary settlement will
occur after the piles are driven should be considered:

a. Bending Stresses in the Battered Piling: The plans show a front row of battered
piles. The downward movement of the soil will induce bending in the piles. The
magnitude of stress and impact on the performance of these piles will need to be
considered.

b. This settlement will occur in the soils below the cans. Therefore, downdrag will
need to be considered in the portion of the piles below the cans.

c. If straps are to be placed on the abutment backwall for lateral restraint of the
backfill soils, the primary and long term secondary settlement could pull the
straps downward and cause possible rotation of the backwall, structural distress,
and/or break the strap connections.

d. Impact of primary and long term secondary settlement on the approach slab.

4. Ramp C: Please see comments 1-3 above.
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SUBSURFACE EXPLORATION
FOR
BRIDGE AND MSE RETAINING WALLS

US 23 RAMP B OVER FAIRGROUND ROAD (CR 55)
(BRIDGE NO. SCI-823-1593)

US 23 RAMP C OVER FAIRGROUND ROAD (CR 55)
(BRIDGE NO. SCI-823-1595)
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(BRIDGE NO. SCI-823-1594)
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1.0 INTRODUCTION

This report includes the findings of the subsurface exploration and the engineering evaluation of
the foundations and mechanically stabilized earth (MSE) retaining walls for the US 23
Interchange bridges over Fairground Road of the Portsmouth bypass project. This project
consists in part of constructing three bridges for proposed US 23 Ramp B and US 23 Ramp C, as
well as SR 823 over Fairground Road (CR 55). Due to the close proximity and similarities of the
proposed structures, recommendations for all three bridges are presented in this document. The
findings of other structure evaluations for the Portsmouth bypass project will be submitted in
separate documents. It should be noted that this report has been modified from the version dated
September 4, 2007. Minor modifications regarding the staged construction details have been
made. The information contained in this report supercedes the information in any previous
versions of this report.

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

The geotechnical engineer has planned and supervised the performance of the geotechnical
engineering services, considered the findings, and prepared this report in accordance with
generally accepted geotechnical engineering practices. No other warranties, either expressed or
implied, are made as to the professional advice included in this report.

2.0 GENERAL PROJECT INFORMATION

It is understood that MSE walls will be placed at approximate SR 823 stations 891+70 (MSE
Wall No. 1) and 892458 (MSE Wall No. 2). See plan and elevation drawings for the proposed
MSE walls in Appendix I. Based upon the provided drawings, it is assumed that the maximum
height of MSE Wall No. | (east wall) is approximately 31.0 feet. Similarly, the assumed
maximum height of MSE Wall No. 2 (west wall) is approximately 29.0 feet. These heights are



based upon the maximum difference between the proposed grade of US 23 Ramp B and the
approximate existing grade. It should be noted that these wall heights do not include the
embedment depth.

The structures as planned, are all single span structures using MSE walls to hold back the
roadway embankments and contain the abutments. It is assumed that deep foundations will be
used to support the abutments of the proposed structures. ;

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

3.0 FIELD EXPLORATION

The field exploration consisted of drilling a total of nineteen borings in the area of the three
proposed structures over Fairground Road. Ten structure borings (TR-xx borings) were drilled
for previously proposed structure configurations. Six roadway borings (B-11xx borings) were
drilled for the proposed roadway in the area of the three proposed Fairground Road structures.
Finally, three structure borings (B-45 through B-47) were drilled for the currently proposed
structures over Fairground Road. The boring logs for all borings are presented in Appendix II.
Information concerning the drilling procedures is also presented in Appendix II.

The boring locations were planned and staked in the field by both representatives of DLZ and
representatives of Lockwood, Lanier, Mathias & Noland, Inc. (2LMN). The surveyed locations
and ground surface elevations of the borings were determined by representatives of 2LMN. The
surveyed locations of the borings are shown on the structure site plan presented in Appendix I,
and also on the boring location plan presented in Appendix II

4.0  FINDINGS
4.1 Geology of the Site

Generalized geological references report that the site lies on the east side of the flood
plain of the Teays Stage, Portsmouth River, which is currently the east side of the Scioto
River valley. This area is unglaciated, however the Scioto River valley is filled with
Illinoian and Wisconsin glacial outwash to depths of up to 90 feet.

The area of these structures is characterized by gently to moderately sloping topography
rising from of the floodplain of the Scioto River. The project area is located in the
Shawnee-Mississippian Plateau of the unglaciated portion of the Appalachian Plateau
Physiographic Region. The Shawnee-Mississippian Plateau is characterized by Devonian
aged to Pennsylvanian aged rocks and contains residual, colluvial, alluvial, and lacustrine
soils.



The genesis of the soils varies across the site. Soils in the floodplain consist primarily of
alluvium and alluvial terraces, generally composed of silty clay, coarse sand, gravel, and
cobbles. However, some soils on the hillsides are comprised of lacustrine deposits.
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 a result of the impoundment, vast quantities of sediments were deposited
ranging from 10 to 80 feet in thickness, thinning towards the margins.

Generalized geologic references report that bedrock across the proposed interchange site
consists of shale and sandstone of the Cuyahoga Formation, Sunbury shale, and Berea
sandstone of Mississippian to Devonian age.

Toward the eastern end of the proposed interchange, shale and sandstone of the
Cuyahoga Formation as well as Sunbury shale were evident in the borings drilled for the
Fairground Road structures. Borings drilled west of the Fairground Road site
encountered progressively thinner layers of the shale bedrock. Ultimately, the shale was
no longer encountered at the top of rock, generally west of the Norfolk and Southern
Railroad and immediately east of US 23. West of the Norfolk and Southern railroad,
Berea Sandstone was generally encountered at the top of rock.

4.2 Subsurface Conditions

The following sections present the generalized subsurface conditions encountered by the
borings. For more detailed information, refer to the boring logs presented in Appendix II.
The results of index tests (grain-size and plasticity) are shown on the boring logs,
presented in Appendix II. The results of strength and consolidation testing are presented
in Appendix III.

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

4.2.1 Soil Conditions

Borings drilled for structure elements and MSE retaining walls on the east side of
Fairground Road generally encountered 2 to 5 inches of topsoil at the surface.
Below the surface material, cohesive layers consisting of soil ranging from silt
(A-4b) to silty clay (A-6b) were encountered to depths ranging from 8.0 to 10.5
feet below the ground surface. Below this layer, cohesionless layers consisting of
soils ranging from gravel with sand (A-1-b) to silt (A-4b) were encountered to
depth ranging from 13.0 to 14.5 feet below the ground surface, at the top of
weathered bedrock.



Similarly, borings drilled for structure elements and MSE retaining walls on the
west side of Fairgrounds Road generally encountered 2 to 4 inches of topsoil at
the surface. Below the surface material, cohesive layers consisting of soil ranging
from sandy silt (A-4a) to silty clay (A-6b) were encountered to depths ranging
from 8.0 to 13.0 feet below the ground surface. Below this layer, cohesionless
layers consisting of soils ranging from coarse and fine sand (A-3a) to gravel with
sand, silt, and clay (A-2-6) were encountered to depths ranging from 17.5 to 21.5
feet below the ground surface, at the top of weathered bedrock.

4.2.2 Bedrock Conditions

Bedrock was confirmed by coring in all borings. Along the east side of
Fairground Road, the bedrock generally consisted of soft to medium hard
brownish gray shale and medium hard gray, argillaceous sandstone of the
Cuyahoga Formation to the termination of the borings, ranging in depth from 24.5
to 37.0 feet below the ground surface.

Borings drilled on the west side of Fairgrounds Road generally encountered
bedrock consisting of soft to medium hard gray shale interbedded with sandstone
of the Cuyahoga Formation. Three borings (B-45, B-46, and B-1116) were
advanced deep enough to encounter medium hard black shale (Sunbury shale) at
depths ranging from 33.8 to 38.0 feet below the ground surface, to the termination
of the borings. In this location the contact elevation of the Sunbury shale ranges
from approximately 527.8 to 531.8, as reported by the borings drilled at this site.

The recovery in each core run varied between 75 and 100 percent. The rock
quality designation (RQD) of the bedrock ranged between 21 and 100 percent
with an average of 74 percent, indicating “fair” to “good” quality rock.

Unconfined compressive strength of tested rock cores ranged between 1,971 and
4,011 pounds per square inch (psi). The tested rock cores were obtained at depths
between 20.4 feet and 38.1 feet below the ground surface. A summary of the
unconfined compressive strength of the tested cores is shown in Table 1. The
results of these tests are also presented in Appendix III.

Table 1-Rock Core Test Results

[ e ' ‘Unit Weight Unconfined Compressive
Boring Depth (ft) Rid (pef) 7 Strength -(pl;i)
B-45 27.2-28.2 155 2,651
B-45 37.5-38.1 147 A7
B-46 25.2-25.6 155 4,011
B-46 35.7-36.1 146 3.030
B-47 20.4-20.7 155 1,971
B-47 26.8-27.2 155 3,110




4.2.3 Groundwater Conditions

In borings where seepage was observed, it was first observed at depths ranging
from 7.0 to 23.5 feet below the ground surface. Seepage was not observed in
borings B-47, TR-54, TR-56, TR-57, and TR-58. Measurable water levels were
observed in borings B-1113 and B-1116 prior to rock coring at depths ranging
from 17.5 to 29.8 feet below the ground surface. Measurable final water levels
were present in all borings upon the completion of coring between approximate
depths of 3.3 and 18.0 feet. Final water levels include water that was used during
rock coring operations and consequently may not be representative of actual
groundwater conditions.

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.

A piezometer was installed in boring B-46 to monitor the groundwater level in the
area of the proposed Fairground Road structures. Readings indicate that the
groundwater level in boring B-46 is approximately 16.0 feet below the ground
surface, corresponding to an elevation of 549.6.

5.0 CONCLUSIONS AND RECOMMENDATIONS

It is understood that three bridges are proposed at the Fairground Road location. The
recommendations contained in this document pertain to all three of the proposed structures over
Fairground Road. For the two proposed MSE walls, separate analyses and recommendations are
presented for each of the walls (MSE Wall No. 1 and MSE Wall No. 2).

It is understood through comments from ODOT’s Office of Structural Engineering (OSE) that
single span structures are preferred for three proposed bridges over Fairground Road.
Furthermore, it is understood that driven HP 14x73 piles are preferred to support the proposed
structures. In addition to driven piles, recommendations for drilled shaft foundations are also
provided.

5.1 Mechanically Stabilized Earth (MSE) Retaining Wall Recommendations

It is understood that MSE walls will be used to construct the approach embankments and
contain the abutments. Recommendations for the MSE wall are presented in the
following sections. Based upon subsurface conditions and discussions with the client, it
was assumed that deep foundations would be used to support the bridges for the purposes
of performing stability analyses and settlement calculations for the proposed MSE walls.

It should be noted that MSE Wall No. 1 lies on the cast side of Fairground Road.
Similarly, MSE Wall No. 2 lies on the west side of Fairground Road. These walls are



continuous, extending in front of the abutments for all three proposed bridges at this
location. Because the walls are continuous, and due to the varied soil strength
characteristics along wall locations, the most critical subsurface conditions, coupled with
the greatest wall height were selected to analyze the stability and settlement of each wall.

5.1.1 MSE Walls - General Information

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

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, overturning, and
settlement.

Calculations for bearing capacity, sliding, and overturning as well as the results of
the global stability and settlement analyses are presented in Appendix I'V. Other
internal stability analyses (i.e. strap design) are required for the design of an MSE
wall, but are considered outside the scope of this report.

Global stability analyses have indicated that the approach embankments may be
built using slopes characterized by 2H:1V side slopes. It should be noted that
adjacent embankment sections may be more critical than the section analyzed for
this report. Consequently, the embankment side slope recommendations will be
presented in a separate report for the interchange. However, for the purposes of
these analyses it is assumed that 2H:1V slopes will be used.

5.1.2 Shear Strength Parameter Selection

Shear strength values for use in stability analyses were based on laboratory
strength testing, in-situ vane shear testing, in-situ moisture content and hand
penetrometer values, typical values, and engineering judgment. Table 2 outlines
the strength parameters assumed in analyses for the respective MSE retaining
walls and embankments. Also, the results of laboratory testing are included in
Appendix III.

Due to the varied results of CIU testing, possibly due to varying granular content,
additional test results from the interchange area were considered for the staged
construction evaluation of MSE Wall No. 2. Tests run on silty clay (A-6b)
samples obtained from nearby borings B-1105A and B-1108 reported the angle of
shearing resistance (from total stress curve, F,) ranging from 20.4 to 22.2
degrees. Considering these test results, as well as those from borings B-45 and B-
46, we conservatively selected 15.0 degrees for the angle of shearing resistance



for the staged construction analyses. The results of these tests are also included in
Appendix III.

In accordance with ODOT guidelines, a unit weight of 120 pounds per cubic foot
(pcf) and a friction angle of 34 degrees were selected for the backfill material in
the reinforced zone. Similarly, 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 2- Soil Parameters Used in The MSE Wall Stability Analyses

Unit Strength Parameters
Zone Soil Type Weight Undrained Drained

(pcf) c o c o'

Select Granular

Reinforced Fill Backfill 120 0 34 0 34
. " Compacted
Retained Soil Embankment Fill 120 0 30 0 30
Foundation Soil Very Stiff
(Wall No. 1) Silt (A-4b) & Silt 120 2350 0 0 29
(B-47 & B-1146) and Clay (A-6a)
Foundation Soil Stiff )
(Wall No. 2) 120 1500 0 0 29

(B-45 & B-1113) Silty Clay (A-6b)

*Bearing capacity analyses required an assumed value for the angle of shearing resistance (F,) for staged
construction evaluations of MSE Wall No. 2 only.

The stability analyses were performed using UTEXAS3 Version 1.204, a slope
stability computer program using variations of the method of slices. UTEXAS3
was developed by Dr. Stephen Wright at the University of Texas for the U.S.
Army Corps of Engineers. The results of stability analyses and settlement
calculations are included in Appendix IV.

5.1.3 MSE Wall Evaluations and Recommendations — Wall No. 1

For MSE Wall No. 1, located on the east side of Fairground Road, the subsurface
profile encountered by borings B-47 and B-1146 were assumed to be the most
critical borings with respect to stability. Consequently a composite profile based
upon these two borings was assumed in the stability analyses for this wall.

It should be noted that the maximum wall height (measured to the top of the
coping) was approximately 18.0 feet. However, as per ODOT’s Supplemental
Specification 840 (SS 840), section 840.04 A, the full height of MSE retaining
walls in front of abutments should be measured to the profile grade elevation at
the face of the wall. Consequently, the maximum wall height at the MSE Wall
No. 1 location was measured to be approximately 34.0 feet (including the 3-foot



embedment). It is assumed that the top of leveling pad for this wall will be placed
at approximate elevation 563.

Borings B-47 and B-1146 generally encountered very stiff silt (A-4b) and silt and
clay (A-6a) from the bottom of the leveling pad excavation (el. 561.5) to
approximate elevation 557.2. Below this layer, borings generally encountered

cohesionless silt (A-4b) to approximate elevation 554.5, at the top of weathered
bedrock.

Analyses were performed to determine the global stability, bearing capacity and
stability (overturning and sliding) of the proposed MSE wall bearing on the
existing soils. The results of the analyses indicated that the factors of safety for
global stability, bearing capacity and stability (overturning and sliding) were all
above the minimum recommended values.

Calculations have indicated that a minimum reinforcement length of 1.1 times the
full height (H+D) or 37.4 feet is required for stability of the proposed MSE wall
at the Wall No.1 location.

The maximum settlement at the face of MSE Wall No.l was estimated to be
approximately 3 inches for the full height wall section. Settlement was calculated
using the computer program EMBANK, using the “end of fill” option to model
the non-continuous embankment loading. Differential settlement at this location
was estimated to be approximately 0.4 percent, which is less than the typically
cited maximum value. MSE retaining walls are able to withstand relatively large
amounts of differential settlement, typically up to 100 millimeters per 10 meters
of wall length (1.0 percent).

Time-rate of consolidation calculations indicate that ninety percent of the total
primary consolidation should occur in approximately 7 days. Given the relatively
small magnitude of consolidation, and the short estimated time to ninety percent
consolidation, it will likely not be necessary to use prefabricated vertical drains
(wick drains) or other means to accelerate consolidation.

Table 3 presents the MSE retaining wall parameters and results of analyses for
MSE Wall No. 1.



Table 3 - MSE Retaining Wall Parameters and Analyses Results
MSE Wall No. 1, East of Fairground Road
Retained Soil (New Embankment)
Unit Weight = 120 pef
Coefficient of Active Earth Pressure (K,) = 0.33
(Based on @'=30°)
Sliding along base of MSE wall
Sliding Coefficient (1£)(0.67) = tan 29°(0.67) = 0.37
Allowable Bearing Capacity — Undrained Condition

Qan = 4,901 psf
Allowable Bearing Capacity — Drained Condition
Qan = 8,627 psf

Global Stability

Factor of Safety — Undrained Condition = 2.6

Factor of Safety — Drained Condition = 2.1

Factor of Safety — Drained Seismic Condition = 1.9

Estimated Settlement of MSE Volume

Maximum Total Settlement = 3 inches

Differential Settlement = 0.4% (maximum allowable is 1.0% ODOT BDM 204.6.2.1)
Full Height of MSE Wall = 34.0 feet (including embedment depth)

Minimum Embedment Depth = 3.0 feet’

Minimum Length of Reinforcement for External Stability, 1.1(H+D) = 37.4 feet

* Assumed lop of leveling pad elevation is 563. Embedment Depth may vary depending on actual top of
leveling pad elevation. Minimum embedment depth of 3.0 feet.

5.1.4 MSE Wall Evaluations and Recommendations — Wall No. 2

For MSE Wall No. 2, located on the west side of Fairground Road, the subsurface
profile encountered by borings B-45 and B-1113 were assumed to be the most
critical with respect to stability. Consequently a composite profile based upon
these two borings was assumed in the stability analyses for this wall.

It should be noted that the maximum wall height (measured to the top of the
coping) was approximately 16.5 feet. However, as per ODOT’s Supplemental
Specification 840 (SS 840), section 840.04 A, the full height of MSE retaining
walls in front of abutments should be measured to the profile grade elevation at
the face of the wall. Consequently, the maximum wall height was measured to be
approximately 32.0 feet (including the 3-foot embedment). It is assumed that the
top of leveling pad for this wall will be placed at approximate elevation 562.

Borings B-45 and B-1113 generally encountered stiff silty clay (A-6b) and gravel
with sand, silt, and clay (A-2-6) from the bottom of the leveling pad excavation
(el. 560.5) to approximate elevation 548.0. Below this layer, borings generally
encountered gravel with sand and silt (A-2-4) to approximate elevation 544.5, at
the top of weathered bedrock.



Analyses were performed to determine the global stability, bearing capacity and
stability (overturning and sliding) of the proposed MSE walls bearing on the
existing soils. The results of the analyses indicated that the factors of safety for
global stability, drained bearing capacity and stability (overturning and sliding)
were all above the minimum recommended values. However, the factor of safety
for undrained bearing capacity of MSE Wall No. 2 was found to be 1.7, which is
below the minimum required value of 2.5.

In order to construct the wall while maintaining the minimum factor of safety
against undrained bearing capacity, the use of staged construction was explored.

Additional analyses were performed which assume that an increase in the
undrained shear strength of the foundation soils will occur via consolidation under
the loading of each stage. These analyses indicate that MSE Wall No. 2 could be
built in three stages while monitoring the pore water pressures in clay layers. In
order to maintain the minimum required factor of safety against undrained bearing
capacity failure, it is recommended that the proposed MSE wall be constructed in
stages.

Based upon additional analyses, the first stage of 19.0 feet plus the embedment
depth may be constructed while maintaining a factor of safety of 2.5 against
undrained bearing capacity failure. At least ninety percent of excess pore
pressures should be allowed to dissipate prior to placing the next stage.
Correspondingly, excess pore water pressures measured in the foundation clay
layers during construction should fall below 1.6 psi prior to placing the next stage.
After excess pore pressures have sufficiently dissipated, the second stage of 8.0
feet may be constructed. At least ninety percent of excess pore pressures should
be allowed to dissipate prior to placing the final stage. Correspondingly, excess
pore water pressures measured in the foundation clay layers during construction
should fall below 0.7 psi prior to placing the final stage. After excess pore
pressures have sufficiently dissipated, the final stage may be constructed up to the
proposed grade.

Time-rate of consolidation calculations indicate that an estimated consolidation
period of 18 days after both the first stage and the second stage of construction
would be required to allow the excess pore water pressures to dissipate in the
foundation soils. It is anticipated that a significant portion of the pressures will
dissipate during the construction of the MSE walls. The ODOT construction
representative may modify the waiting periods observed during construction
based upon pore pressure measurements in the field. Given the relatively short
estimated time to ninety percent consolidation, it will likely not be necessary to
use prefabricated vertical drains (wick drains) or other means to accelerate
dissipation of pore water pressures for staged construction.

As stated previously, it is recommended that pore water pressures be monitored in
the clay layers of the foundation soils. Recommendations and placement
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instructions for the piezometers will be included in the Final Report of Subsurface
Exploration and MSE Wall and Embankment Evaluations for Proposed
US 23/SR 823 Interchange.

Calculations indicated that a minimum reinforcement length of 1.1 times the full

height (H+D) or 35.2 feet is required for stability of the proposed MSE wall at the
Wall No. 2 location.

The maximum settlement at the face of MSE Wall No. 2 was estimated to be
approximately 5 inches for the full height wall section. Settlement was calculated
using the computer program EMBANK, using the “end of fill” option to model
the non-continuous embankment loading. Differential settlement at this location
was estimated to be approximately 0.6 percent, which is less than the typically
cited maximum value. MSE retaining walls are able to withstand relatively large
amounts of differential settlement, typically up to 100 millimeters per 10 meters
of wall length (1.0 percent).

Table 4 presents the MSE retaining wall parameters and results of analyses for
MSE Wall No. 2.

Table 4 - MSE Retaining Wall Parameters and Analyses Results
MSE Wall No. 2, West of Fairground Road
Retained Soil (New Embankment)
Unit Weight = 120 pcf
Coefficient of Active Earth Pressure (K,) = 0.33
(Based on @' = 30°)
Sliding along base of MSE wall
Sliding Coefficient (m)(0.67) = tan 29°(0.67) = 0.37
Allowable Bearing Capacity — Undrained Condition (Staged Construction)”
Gau Stg. 1=3,153 psf  qau Stg.2=4,284 psf  qau Stg.3=4,761 psf
Allowable Bearing Capacity — Drained Condition
| Qau = 8,181 psf
Global Stability
Factor of Safety — Undrained Condition = 2.0
Factor of Safety — Drained Condition = 2.2
Factor of Safety — Drained Seismic Condition = 2.0
Estimated Settlement of MSE Volume
Maximum Total Settlement = 5 inches
Differential Settlement = 0.6% (maximum allowable is 1.0% ODOT BDM 204.6.2.1)
Full Height of MSE Wall = 32.0 feet (including embedment depth)
Minimum Embedment Depth = 3.0 feet’
Minimum Length of Reinforcement for External Stability, 1.1(H+D) = 35.2 feet

# Assumed top of leveling pad elevation is 562. Embedment depth may vary depending on actual top of
leveling pad. Minimum embedment depth of 3.0 feet.
" See Section 5.1.4 for staged construction details.
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Bridge Foundation Recommendations

It is understood that driven HP 14x73 piles are preferred to support the proposed
structures. In addition, recommendations for drilled shaft foundations are also provided.
Additionally, due to the nature of single span structures, uplift is not anticipated at either
of the abutment locations for the three structures. Due to the height of the proposed
embankments and the poor soil conditions encountered, it is assumed that spread footing
foundations will not be considered. Consequently, foundation recommendations for
spread footings will not be provided at this time. However, recommendations for spread
footings or alternative foundations can be provided upon request.

5.2.1 Pile Foundations

It is recommended that HP 14x73 piles, driven to refusal on the top of rock be
used to support the proposed abutments. Table 5 summarizes the site conditions
and foundation recommendations for the three proposed Fairground Road
structures. It should be noted that the bedrock surface varies across the project
area. The approximate pile tip elevations presented in Table 5 indicate the
approximate elevations at the boring locations only. Variations in the elevation at
which competent bedrock is encountered should be anticipated.

Table 5-Summary of Driven Pile Tip Elevations, HP 14x73"

; = Borine | EXisting Ground | Estimated
Structure Substructure Numbfr Surface Pile Tip
e b Elevation (Ft) | Elevation (F't)
SRS Rgn0 Rear B-1146 567.7 553.2
over Abutment
Fairgrounds Forward
Road PN B-1144 565.2 542.2
SREGES Al Rear B-1145 567.3 552.0
over Abutment
Fairgrounds Forward
R el Wb TR-55A 565.4 545.4
Ramp B over oas B-45 566.0 543.0
. Abutment
Fairgrounds F d
Road e TR-58 567.1 550.6
Abutment
Ramp C over e TR-54 566.9 551.9
: Abutment
Fairgrounds —
Road B-46 565.6 545.6
Abutment

* Cited pile tip elevations are also considered representative of HP 12x53 piles.

It is anticipated that piles will encounter refusal at a depth of approximately 14.5
to 16.5 feet below the ground surface for foundations on the east side of
Fairground Road. Similarly, it is anticipated that piles will encounter refusal at a
depth of approximately 20.0 to 23.0 feet below the existing ground surface for

12



foundations on the west side of Fairgrounds Road. Based upon the degree of
weathering and the strength characteristics of the shale bedrock, it is anticipated
that the piles will penetrate approximately one to two feet beyond the top of rock
elevation cited on the boring logs.

If driven to refusal, the maximum allowable capacity of the pile can be used.
Because the piles will be driven to bedrock, it is recommended that reinforced pile
points be used to prevent the piles from being damaged. Although reinforced pile
points are not required in shale, the predominate bedrock type in the area of the
proposed structure contains interbedded sandstone, which if driven into could
damage piles. Pile sleeves should be placed from the bottom of the leveling pad

to the pile cap elevation to permit pile installation through the soil reinforced zone
of the MSE wall.

To prevent downdrag forces from reducing the allowable capacity of the piles, the
piles should not be driven until at least ninety percent (U=90%) of the total
primary consolidation has occurred. Fill should be placed to the proposed
roadway grade level and allowed to consolidate prior to driving piles. It is
estimated that a waiting period of 18 and 7 days after completing fill placement
and prior to driving piles at the west and east abutments, respectively, will be
required to achieve ninety percent (U=90%) consolidation. = Downdrag
calculations are presented in Appendix IV.

Due to the tendency of certain shales to “relax”, it is recommended that the
contractor restrike the piles seven days after installation to ensure that the
allowable bearing capacity of the pile is met.

5.2.2 Drilled Shaft Foundations

As an alternative to pile foundations, drilled shafts could also be considered for
the support of the proposed abutments. It is recommended that the drilled shafts
be socketed a minimum of 5 feet into competent rock. The drilled shafts should
be straight (not belled) and may be designed based on an allowable bearing
pressure of 40 ksf (20 tsf). Calculations for drilled shaft foundations are
presented in Appendix IV.

For end-bearing drilled shafts, it is recommended that skin friction in the
overburden soil/fill and shallow rock socket be neglected. The bearing surface
should be clean and free of loose material and water prior to placement of
concrete. The drilled center-to-center spacing of drilled shafts should generally
be no less than 2.5 times their diameter. A qualified representative 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 a reasonable shaft diameter, drilled
shafts may be designed as friction-type shafts. Neglecting the overburden, upper
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two feet and bottom length equal to one diameter of the socket, an allowable
sidewall shear stress/adhesion of 3,750 pounds per square foot (psf) may be used
for the rock socket. If designed as friction-type shafts, the shafts should be
designed such that design loads are carried entirely by the rock socket resistance
ignoring any end bearing.

Shafts that are installed as friction-type piles must have good sidewall contact
with the concrete with preferably rough sides. If any shaft is allowed to sit over
12 hours filled with fluid (water or slurry), the potential for sidewall softening
develops. This is especially true with the rock sockets and granular materials.
The bedrock material encountered across the site contains argillaceous sandstone
and shales that could deteriorate quickly when exposed to water or left to
desiccate, losing its strength quickly. If it is anticipated that a drilled shaft
excavation will be allowed to remain open for longer than 12 hours, the shaft
excavation should be drilled at least 6 inches smaller in diameter and reamed to
the design diameter immediately prior to placement of concrete. If a drilled shaft
excavation does not have concrete placed within 12 hours of completion of the
excavation, the shaft should be oversized 6 inches in diameter prior to the
placement of concrete.

Drilled shafts that are end bearing and are allowed to remain open for more than
12 hours should be drilled short by at least 12 inches and reamed out to the design
bearing depth immediately prior to placement of concrete to prevent softening of
the bearing material. If a drilled shaft excavation does not have concrete placed
within 12 hours of completion of the excavation, the shaft should be extended 12
inches in depth prior to the placement of concrete.

Precautions should be taken to permit the shafts to be drilled and the concrete
placed under relatively dry conditions. Significant seepage was encountered by
several of the borings. In addition, groundwater levels indicate that groundwater
would flow into excavations into rock through granular layers overlying bedrock.
It should be anticipated that materials across the site could vary considerably and
temporary casing will be required during the drilling and concrete placement to
seal out water seepage in the overburden and to 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.

When using drilled shaft foundations in conjunction with MSE retaining walls, it
is necessary to consider the placement of the drilled shafts with respect to the
MSE wall and soil reinforcing straps. Drilled shafts should be installed at a
sufficient distance from the back of the MSE wall such that the soil reinforcement
can be splayed around the shafts with splay angles of 15 degrees or less. From
the center of the drilled shafts to the back of the MSE wall, this dimension is
approximately two times the shaft diameter.



5.3 General Earthwork Recommendations

The proposed alignment traverses a gently to moderately sloping area. Consequently, the
placement of fill will be required to construct the approach embankments at the
abutments. The maximum fill anticipated is approximately 31 feet at MSE Wall No. 2.

Generally between 2 to 5 inches of topsoil were encountered at the ground surface. All
topsoil and vegetation within the footprint of the new embankment and roadway should
be removed prior to new fill placement. All pavement, and organic soil within 3 feet of
subgrade level should also be removed prior to placing fill or pavement materials.

Soils with significant organic content were not encountered in any of the borings drilled
for the structures. However, organic or very soft soils may be encountered at locations
other than where the borings were drilled. Consequently, the contractor should be
prepared to perform overexcavation of any poor soils at other locations and replace the
overexcavated soil with compacted engineered fill as needed.

The embankments should be constructed in accordance with ODOT Item 203. It is
anticipated that the embankments will be constructed with side slopes of 2H:1V or flatter.
Based on the materials encountered by the borings, the foundation soils are considered
adequately stable under the proposed embankment loads.

Excavations should be prepared in accordance with ODOT Item 503, “Excavation for
Structures.” Excavations deeper than 5.0 feet must be sloped or shored to protect
workers entering the excavations. Refer to OSHA regulations (29CFR Part 1926)
concerning sloping and shoring requirements for excavations.

It is recommended that earthwork be performed under continuous observation and testing
by a soils technician with the general guidance of a geotechnical engineer.

Relative to the footing excavations, the following additional recommendations are
presented:

1. All footings should be founded deep enough for frost protection, considered to be
36 inches in this area.

2. Excavation bottoms should be examined by the geotechnical engineer prior to
placement of reinforcing steel and concrete in order to determine the suitability of
the supporting soils.

3. Excavations should be undercut to suitable bearing material if such material 1s not
encountered at the planned footing level. Such undercuts may be backfilled with
a lean mix concrete (1,500 psi @ 28 days) or footing concrete.



6.0

4. All footing excavations should be cut to stable side walls and flat bottoms with
the bottoms comprised of firm soil undisturbed by the method of excavation or
softened by standing water. Concrete should be placed the same day that the
footings are excavated.

5.4 Groundwater Considerations

In borings where seepage was observed, it was first observed at depths ranging from 7.0
to 23.5 feet below the ground surface. Seepage was not observed in borings B-47,
TR-54, TR-56, TR-57, and TR-58. Measurable water levels were observed in borings
B-1113 and B-1116 prior to rock coring at depths ranging from 17.5 to 29.8 feet below
the ground surface. Measurable final water levels were present in all borings upon the
completion of coring between approximate depths of 3.3 and 18.0 feet. Final water levels
include water that was used during rock coring operations and consequently may not be
representative of actual groundwater conditions.

Excavations for the leveling pad of the proposed MSE retaining walls are anticipated to
encounter only minor seepage. However, for deeper excavations, groundwater and
significant seepage should be anticipated in the granular layers overlying bedrock.
Excavations or shafts extending below the top of rock may encounter more significant
seepage through fractured zones in the bedrock. The contractor should be prepared to
deal with seepage, water flow, and precipitation that may enter any excavations.

CLOSING REMARKS

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

Respectfully submitted,

DLZ OHIO, INC.

e : B
//' .// # / )
é»&'f-—/ 4 v/ /’““V /

Steven J. Riedy
Geotechnical Engineer

Uiy U, bl

Dorothy A. Adams, P.E.
Senior Geotechnical Engineer

Sjr

M:Aprof012 13070.03\  nterchanges\US 23\Correspondence with CH2\Final ReportsiFairgrounds Road Structures\Fairground Road-combined-
Structure Report 11-05-07 sjr.doc
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APPENDIX I

Structure Plan and Profile Drawings - 117x17”
MSE Wall Plan and Elevation Drawings - 117x17”
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APPENDIX II

Boring Location Plan
General Information — Drilling Procedures and Logs of Borings
Legend — Boring Log Terminology
Boring Logs — Nineteen (19) Borings



GENERAL INFORMATION
DRILLING PROCEDURES AND LOGS OF BORINGS

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

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

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

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

The boring logs included in the Appendix have been prepared on the basis of the field
record of drilling and sampling, and the results of the laboratory examination and testing of
samples. Stratification lines on the boring logs indicating changes in soil stratigraphy
represent depths of changes approximated by the driller, by sampling effort and recovery,
and by laboratory test results. Actual depths to changes may differ somewhat from the
estimated depths, or transitions may occur gradually and not be sharply defined. The
boring logs presented in this report therefore contain both factual and interpretative
information and are not an exact copy of the field log.

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 one of the borings. Soil deposition
processes and natural geologic forces are such that soil and rock types and conditions may
change in short vertical intervals and horizontal distances.

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

S:AGeot\Forms\General Info English.doc




LEGEND - BORING LOG TERMINOLOGY
Explanation of each column, progressing from left to right
Depth (in feet) — refers to distance below the ground surface.
Elevation (in feet) — is referenced to mean sea level, unless otherwise noted.
Standard Penetration (N) — the number of blows required to drive a 2-inch O.D., 1-3/8 inch 1.D., split-barrel sampler, using a 140-
pound hammer with a 30-inch free fall. The blows are recorded in 6-inch drive increments. Standard penetration resistance is

determined from the total number of blows required for one foot of penetration by summing the second and third 6-inch increments
of an 18-inch drive.

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

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

Sample recovery from each drive is indicated numerically in the column headed “Recovery”.

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

The length of hydraulically pressed *Undisturbed” samples is indicated graphically by horizontal lines across the “Press” column.
Sample numbers are designated consecutively, increasing in depth.

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/sg.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 Stiff 0.50-1.0 4-8 Penetrated by thumb with moderate pressure
Stiff 1.0-2.0 8-15 Readily indented by thumb but not penetrated
Very Stiff 20-40 15-30 Readily indented by thumb nail
Hard over 4.0 over 30 Indented with difficulty by thumb nail

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

¢. 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"t0 3" - Fine 0.42 mm tc 0.074 mm

Gravel — Coarse 3" to 3" Silt 0.074 mm to 0.005 mm
- Fine %" t0 2.0 mm Clay smaller than 0.005 mm

S:\Dept\Geotechnical\Forms\Borings\Legend ODOT English.doc




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” 35 to 50%

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

Term Relative Moisture or Appearance

Dry No moisture present

Damp internal 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 or 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 total length of all core pieces which are at least four inches long, and then dividing this sum by the
total length of the core run.

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 1o determine the natural moisture content, liquid limit moisture content, or plastic limit moisture content,
the moisture content is indicated graphically.

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

SaDeptiGeotechnical\Forms\Borings\Legend ODOT English.doc
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APPENDIX III

Summary of Strength and Consolidation Test Results
Strength and Consolidation Test Results
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24 Results | ;
C,tsf | 0744
@, deg 0]
Tan(¢) 0 EE i i e
L L Y R
e 18 i
“f{j' B S A A - = -
o i C I B MR LT
wy
3 wa
@
@
@
£
77}
0.8
-“"""\ h""‘\ =
z d
7 N
| r \
/ \ /
\
0 f u 1
0 0.8 1.6 2.4 32 4 48
Normal Stress, tsf
3 Sample No. 1 2
Water Content, 21.6 21.6
25 __ | Dry Density, pcf 103.5 102.3
B | Saturation, 89.8 87.1
£ | Void Ratio 0.6646 0.6850
= 2 Diameter, in. 2.79 2.82
G Height, in. 5.58 5.58
Eﬁ . Water Content, 22.1 22.1
D 15 = 7 Dry Density, pcf 103.5 102.3
% 7 2 Saturation, 91.6 88.9
S % | Void Ratio 0.6646 0.6850
a 1 i Diameter, in. 2.79 2.82
/// Height, in. 5.58 5.58
12 Strain rate, in./min. 0.06 0.06
0.5 A
yivd Back Pressure, tsf 0.00 0.00
, j Cell Pressure, tsf 1.01 3.02
0 5 10 15 20 | Fail. Stress, tsf 1.49 1.49
Axial Strain, % Ult. Stress, tsf 1.65 1.63
o, Failure, tsf 2.50 4,51
L iatiommi , o, Failure, tsf Lol 3.02
Unconsolidated Undrained
Sample Type: 3" press tube Client: TranSystems. Inc.
Description:
Project: SCI1-823-0.00
Assumed Specific Gravity= 2.76 Source of Sample: B-45 Depth: 5.0
Remarks: Sample Number: P-1
Proj. No.: 61213070413 Date:

Figure
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;3 [7:]
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g = 7
= 0.8 3 0.8
o a
0.4 0.4 /
0 0
0% 10% 20% 0% 10% 20%
2 2
3| 4]
16 1.6
3 ]
- 1.2 B 12
0 n
58 se
3 I
S 0.8 z 0.8
o o
0.4 0.4
0 0
0% 10% 20% 0% 10% 20%
1.2 Peak Strength
Total
a= 0.74 st
o= 0.0deg
tan c= 0.00
o8 i =
3 /
o
0.4 /
{
0 i
0 0.8 1.6 2.4 32 4 48
p, tsf

Stress Paths:

o indicates peak + indicates end

Client: TranSystems. Inc.
Project: SCI1-823-0.00
Source of Sample: B-45 Depth: 5.0

Sam

Project No.: 0121-3070.03 Figure

ple Number: P-1

DLZ, INC.




CONSOLIDATION TEST REPORT

Source: B-45

Elev./Depth: 5.0

6403 \
6208 \\\
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6013 \\
5 N
5818 Sy N
G
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5623 ~ ‘
N N
™ N
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I e N
i N
5428 N
K=
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\\\
5233 A N N
AN
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- \\
e K
— L \\
4843
—~—l i \
~—r— \
L4648 iy,
N
S
#4553 "350 200 500 1000 2000 5000 10000 20000
Applied Pressure - psf
Halurl Dry Dens. LL Pi | sp.Gr USCS AASHTO '“'t;‘aa't?go'd
Saturation | Moisture (pcf) B
87.0 % 20.0 % 105.2 20 I8 2,75 Lo, A-6(11) 0.632
MATERIAL DESCRIPTICN
Project No. 0121- Client: TranSystems. Inc. Remarks:
Project: SCI-823-0.00

Sample No.: P-1

Figure




Dial Reading vs. Time

Project No.: 0121-3070.03
Project: SCI-823-0.00

Source: B-45 Sample No.: P-1 Elev./Depth: 5.0
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Dial Reading vs. Time

Project No.: 0121-3070.03
Project: SCI-823-0.00

Source: B-45 Sample No.: P-1 Elev./Depth: 5.0
4 4
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Dial Reading vs. Time

Project No.: 0121-3070.03
Project: SCI-823-0.00

Source: B-45 Sample No.: P-1 Elev./Depth: 5.0
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Vane Shear Test Report

Page 1o0f2

Project SCI-823 Portsmouth Bypass Date and Time 6/14/2007
Project No. 0121-3070.03 Boring Number B-45 Depth 6'
Client TranSystemns Corp Test Setup
Drill Rig & Crew ~ Doug W. on CME 850 = B
i
Vane Shear Test Device
Tested By Riedy / Mott I
Ex. Ground Surface ! Ha
Weather / Temp. ~ Sun /85 deg \ i
:
. o S :I- I 2
Soil Type Silty Clay (A-6b) :}
Il
ILLIN (I
DRILLING Hollowstem Augers !
Hollowstem augers D, g \ i
to depth \::
11
Vane Depth below B, 7 l‘!
bottom of augers :
i
Augers above Ha 2 h
ground surface :} Da
, AW Rod (Shear Vane) it Dt
Depth to vane tip D, € \ ::
\\:1
SHEAR VANE I
it
Vane Used 2.5 3 3.625" :}
]
ii|
Vane constant, k _ _ ::
(Ib-in to psf) [ 577 Jass 0.905 0
]
il
Masurement by Automatic Drive / Torque Cell Shear Vane B T
Max Torque 216 Ib-in ?S
Max UD Shear Strength 1116 psf
2500 Trere ) __Torque (“’"“)I"s Af‘gl‘"‘_" ROAORIAOn) —
2000 - = 0 s _
~ /AMM
E 150.0 5 ; |
2
T 1000 |
50.0 il e —4$— Peak Strength
T Hemoloed Stranh §
0.0 . . , ; .
0 10 20 30 4 70 80 90 100

0 50 60
Angular Rotation (deg}

DL1LZ Ohio, Inc.

ENGINEERS * ARCHITECTS * SCIENTISTS

PLANNERS * SURVEYDRS




Vane Shear Test Report Page 2 of 2

Read Time A time Rotation Torque Read Time Atime Rotation Torque
_ (degrees)  (in-Ibs.) . (degrees) _ (in-Ibs.)
Peak Strength Test Remolded Strength Test
15:32:01 0:00:00 0 0.0 15:48:20 0:00:00 0 0
15:32:28 0:00:27 3.2 13.4 15:48:31 0:00:11 1.3 2.6519108
15:32:40 0:00:39 4.7 34.9 15:48:43 0:00:23 2.8 13.496029
15:32:59 0:00:58 7.0 40.4 15:48:51 0:00:31 3.7 28.912601
15:33:17 0:01:16 9.1 52.9 15:49:00 0:00:40 4.8 40.501919
15:33:32 0:01:31 10.9 69.9 15:49:09 0:00:49 59 53.374943
15:33:46 0:01:45 12.6 87.0 15:49:20 0:01:00 7.2 61.857727
15:34:02 0:02:01 14.52 105.6 15:49:38 0:01:18 9.4 64.540031
15:34:14 0:02:13 15.96 117.2 15:49:51 0:01:31 10.92  65.733902
15:34:26 0:02:25 17.4 128.3 15:50:04 0:01:44 12.48  66.995094
15:34:38 0:02:37 18.84 136.2 15:50:20 0:02:00 14.4 66.730019
15:34:57 0:02:56 21.12 148.8 15:50:39 0:02:19 16.68 67.381081
15:35:21 0:03:20 24 160.3 15:50:50 0:02:30 18 65.608727
15:36:00 0:03:59 28.68 177.9 15:51:08 0:02:48 20.16 67.27784
15:36:33 0:04:32 32.64 193.7 15:51:30 0:03:10 22.8 66.025963
15:37:06 0:05:05 36.6 205.4 15:51:59 0:03:39 26.28  67.752907
15:37:34 0:05:33 39.96 212.2 15:52:18 0:03:58 28.56  67.584648
15:37:47 0:05:46 41.52 211.7 15:52:32 0:04:12 30.24  66.863716
15:38:07 0:06:06 43.92 215.7 15:52:44 0:04:24 31.68  67.083794
15:38:24 0:06:23 45.96 215.8 15:53:06 0:04:46 34.32  66.254555
15:38:36 0:06:35 47.4 213.0 15:563:27 0:05:07 36.84 66.090385
15:38:47 0:06:46 48.72 210.6 15:53:43 0:05:23 38.76  66.317818
15:39:00 0:06:59 50.28 209.2
15:39:17 0:07:16 52.32 209.6
15:39:43 0:07:42 55.44 205.7
15:40:08 0:08:07 58.44 203.5
15:40:23 0:08:22 60.24 198.6
15:40:41 0:08:40 62.4 193.7
15:41:05 0:09:04 65.28 191.7
15:41:23 0:09:22 67.44 187.1
15:41:44 0:09:43 69.96 182.8
Peak Torgue 215.7953 (lb-in) Remolded Torque 67.75291 (lb-in)
Vane Constant 5.17 Vane Constant 517
Peak Shear Strength 1116  psf Remolded Shear Strength 350 psf
Sensitivity 3.2

DLZ Ohio, Inc.

ENGINEERS * ARCHITECTS * SCIENTISTS
PLANNERS * SURVEYORS




3 Total Effective | T
C, tsf 0.745 0.360 B B
¢, deg 6.9 245 3 WP
Tan(o) 0.12 i 0.46
I.— ;l | | | T e B =
v B : =a
2 X T -
g— g P -
s AT P
a - e =]
e icaae: .
o5 [ _—— M=l
& 1 - __’/ =2 aa: . N
——— :;'T';';?‘ CEERLCY ~ N
—— - 2 ~ ™ N
P ol N ™ 4N N
Y/ = Y / h
- / Fi \ /
- : / \
7 /i n \ul \
1] L] 1 ’ L]
0 | | |
0 1 2 3 4 5 6
Total Normal Stress, tsf
Effective Normal Stress, tsf — — —
. Sample No. 1 2
Water Content, 14.3 14.3
5 __ | Dry Density, pcf 114.1 114.6
.8 | Saturation, 719 79.0
£ | Void Ratio 0.5045 0.4976
% 4 Diameter, in. 2.82 2.83
% Height, in. 559 558
g [ 1 Water Content, 18.0 17.0
® 3 i + | Dry Density, pcf 1149  117.1
° R 2 & Saturation, 100.0 100.0
= =T % | Void Ratio 0.4940 0.4663
8 o4 Diameter, in. 2.82 2.8l
7 I Height, in. 555 5.5
/[f { Strain rate, in./min. 0.01 0.01
" Back Pressure, tsf 3.31 3.31
f Cell Pressure, tsf 432 634
of Fail. Stress, tsf 196 251
0 5 10 15 20 Total Pore Pr., tsf 3.73 535
Axial Strain, % Ult. Stress, tsf 1.96 2.51
Total Pore Pr., tsf 3.73 5.35
5 o, Failure, tsf 2.55 3.49
Type of _TeSt' G, Failure, isf 0.59 0.98
CU with Pore Pressures
Sample Type: 3" press tube Client: TranSystems, Inc.
Description: Clayey sand with gravel
Project: SCI-823-0.00
LL=27 PL=16 Pi= 11
Assumed Specific Gravity= 2.75 Source of Sample: B-45 Depth: 8.0

Remarks:

Figure

Sample Number: P-2

Proj. No.: 2130700

Date: 7/20/07




7.5 7
1 ° 2
| 5 - | 6
| l ) S |
| | A B e
© o) i
5 g 4.5 = iz Sk 45[
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a [~ — == | . a @ U
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0 0
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0 E 9 =92
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[ ¥ al So
e 15 2 15
0 0
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2.4
Peak Strength ]
Total Effective =
-
a= 0.74 tsf 0.33 tsf — =
o= 6.9deg 225 deg - - )
- tan o= 0.12 0.41 | o
e Z .\ff i -
- /,*./ «
:‘”: s __,_,._’——}g"—___—d‘
a CaEp R
=3 —_A’// i = —;—f—_:_:'_qd—_——-—--__———_——
A 0 |
0.8 ——— =
- - A
—_ I
| i
— 1 A -
f” "
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0 // |
0 038 16 2.4 4 438
p, tsf

Stress Paths: Total Effective — — —

Client: TranSystems, Inc.
Project: SC1-823-0.00
Source of Sample: B-45 Depth: 8.0 Sample Number: P-2

Project No.: 0121-3070.03 Plgwrer .. . DLZ, INC.




3.6

Results
C, tst 1.518 [T
o, deg 0.0 1
Tan{d) 0.00
o 24
0
s
g. i — | —_
o - i =
P Ty
5] ¥
£ ~ A
RE: +F 7% N
zz / N AY
/ N k
J \
[ \
[ |
[ \
0 1 | 1
0 1.2 2.4 3.6 4.8 72
Normal Stress, tsf
g Sample No. 1 2
Water Content, 237 23.2
5 | Dry Density, pcf 99.7 102.6
& | Saturation, 90.3 94.7
'€ | Void Ratio 0.7215 0.6731
B 4 — — - Diameter, in. 2.84 2.85
@ — Height, in. 5.56 3.5
w
2 - Water Content, 23.6 230
w3 A= + | Dry Density, pct 99.7 102.6
% 7#’ P Saturation, 90.0 94.3
3 7 2 Void Ratio 0.7215 0.6731
o 2 2 Diameter, in. 2.84 2.85
// y Height, in. 5.56 5.55
A Strain rate, in./min. 0.06 0.06
1
/ Back Pressure, tsf 0.00 0.00
oH l Cell Pressure, tsf 1.01 3.00
0 5 10 15 20 I Fail. Stress, tsf 3.04 3.88
Axial Strain, % Ult. Stress, tsf 3.04 3.88
o, Failure, tsf 4.05 6.88
Type of Test: :
Failure, tsf 1.01 3.00
Unconsolidated Undrained e
Sample Type: 3 " press tube Client: TranSystems, Inc.
Description:
Project: SCI-823-0.00
Assumed Specific Gravity= 2.75 Source of Sample: B-46 Depth: 5.0
Remarks:
Proj. Me.: 1112 1-307103 Date:

Figure
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Stress Paths:

o indicates peak + indicates end

Client: TranSystems, Inc.
Project: SCI-823-0.00
Source of Sample: B-46
Project No.: 0121-3070.03

Depth: 5.0
Figure
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CONSOLIDATION TEST REPORT
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Applied Pressure - psf
Initial Void
Ngge DyDans. | oaw | B | 8pGe USCS AASHTO ok
Saturation | Moisture (pef)
90.3 % 23.1 % 100.0 36 18 2.71 CL A-6(17) 0.692
MATERIAL DESCRIPTION
Lean clay
Specific Gravity= 2.71 .
Project No. 0121- Client: TranSystems, Inc. Remarks:
Project: SCI-823-0.00
Source: B-46 Sample No.: P-| Elev./Depth: 5.0

Figure




Project No.:

0121-3070.03

Project: SCI-823-0.00

Dial Reading vs. Time

Source: B-46 Sample No.: P-1 Elev./Depth: 5.0
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Dial Reading vs. Time

Project No.: 0121-3070.03
Project: SCI-823-0.00

Elapsed Time {min.)

Source: B-46 Sample No.: p-1 Elev./Depth: 5.0
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Project No.: 0121-3070.03
Project: SCI-823-0.00

Dial Reading vs. Time

Elapsed Time (min.)

Elapsed Time {min.)

Source: B-46 Sample No.: P-1 Elev./Depth: 5.0
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39 Total Effective - e 4 SEEE
C, tsf 0.128 0o A
&, deg 23.8 35.8 | L 1 L e
Tan(é 0.44 0.72 - &
[- . | = . g 74" T
w— 28 /'/ —
%) —— L L-L
o T I
w - L
u =T —] L -
g
Y -  AmmMmEEEPZ7d X AN
o st P N
= /." = Vi o -
[92] 13 1 f 1 ! (/ % \\
C /- k \
b = é-—..‘ l \ \
P n Y
17 N | ) \
> i .' A \ \
0 “ f [ 1 |
0 1.3 2.6 3.9 5.2 6.5 7.8
Total Normal Stress, tsf
Effective Normal Stress, tsf — — —
8 1 Sample No. 1 2
Water Content, 16.7 16.7
5 — 2| _ | Dry Density, pcf 1082 110.2
[t 8 | Saturation, 78.2 82.3
£ | Void Ratio 0.5861 0.5573
5 4 Diameter, in. 2.86 2.85
- // Height, in. 5.61 9,599
oy
e y Water Content, 18.9 16.3
s f + | Dry Density, pcf 1129 1185
% / ! 2 Saturation, 100.0 100.0
= ] i = | Void Ratio 0.5208 0.4484
a off ! ——{ ;| | Diameter, in. 2.80 276
[ R Height, in. 5.58 5.56
Strain rate, in./min. 0.01 0.01
1 Back Pressure, tsf 3.31 331
,/ Cell Pressure, tsf 432 6.34
0 Fail. Stress, tsf 1.75 4.48
0 5 10 5 20 Total Pore Pr., tsf 3.49 4.85
Axial Strain, % Ult. Stress, tsf 1.75 4,48
Total Pore Pr., tsf 3.49 4.85
G, Failure, tsf 2.58 5.96
Type of Test: = .
Fail tsf .83 1.49
CU with Pore Pressures i A H
Sample Type: 3" press tube Client: TranSystems, Inc.
Description: Clayey sand
Project: SCI-823-0.00
LL= 32 PL=17 Pl= 15
Assumed Specific Gravity=2.75 Source of Sample: B-46 Depth: 8.0

Remarks:

Figure

Sample Number: P-2

Proj. No.: 0121307003

Date: 7/20/07

LZ
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tan o= 0.40 0.67
4
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o
2
. T /
0 1

p, tsf

Stress Paths: Total Effective — — —

Client: TranSystems. Inc.

Project: SCI-823-0.00
Source of Sample: B-46 Depth: 8.0 Sample Number: P-2

Project No.: 0121-3070.03 Figure DLZ, INC.




8 Results
Ctst | 1119 - -
0, deg 0.0 ! i
Tan(0) 0.00 s
B i
e I
- 22
2 - B
e A3 O R |- i
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5} of;
@
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w T i e J/ -"L__ 1 ’ N P
1 g it ~
A s N\
1'/ N M
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/ \
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/ f \ \
\
0 | h>
0 1 2 3 4 5
Normal Stress, tsf
8 Sample No. 1 2
Water Content, 23.0 242
5 __ | Dry Density, pcf 97.6 97.8
I | Saturation, 83.5 88.1
£ | Void Ratio 0.7585 0.7561
% 4 Diameter, in. 2.84 2.84
& Height, in. 4.95 35:33
wn
£ LA Water Content, 22.7 22.9
& 3 H + | Dry Density, pcf 976  97.8
% - el Saturation, 82.4 83.1
3 = ———— = Void Ratio 0.7585 0.7561
a 2 L —] Diameter, in. 2.84 2.84
A Height, in. 4.95 5.53
Strain rate, in./min. 0.06 0.06
! ‘; Back Pressure, tsf 0.00 0.00
& 7 Ilff Cell Pressure, tsf 3.00 1.01
0 5 10 15 20 | Fail. Stress, tsf 248 225
Axial Strain, % Ult. Stress, tsf 248 225
o, Failure, tsf 5.47 3.26
Type of Test: :
Failure, tsf 3.00 1.01
Unconsolidated Undrained S AN
Sample Type: 3 " press tube Client: TranSystems, Inc.
Description:
Project: SCI-823-0.00
LL=26 PL=19 Pi=7
Assumed Specific Gravity= 2.75 Source of Sample: B-47 Depth: 4.0
Remarks: Sample Number: ST-|

Figure

Proj. Mo.: 11 21- 307003

Date: 7/21/07
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Stress Paths: o indicates peak + indicates end
Client: TranSystems. Inc.
Project: SCI-823-0.00
Source of Sample: B-47 Depth: 4.0 Sample Number: ST-1

Project No.: 0121-3070.03

Figure

DLZ, INC.




Vane Shear Test Report

Page 10of2

Begin 2:30pm

Project SCI-823-0.00 Date and Time 6/18/2007 End 3:00pm
Project No. 0121-3070-03 . Boring Number B-47 Depth 6.0
Client ODOT Test Setup
=0
Drill Rig & Crew CME 850/ D. Wamsley . 14
Vane Shear Test Device i
Tested B B Mott I
Y Ex. Ground Surface y Ha
Weather / Temp.  sunny 96 \ ::
77 W77 A77TA
Soil Type SILTY CLAY with sand H
il
|
DRILLING Hollowstem Augers h
i
Hollowstem augers D, \;u
to depth :;L
i
Vane Depth below D, 1.25 i
bottom of augers Uy
il
Augers above M. i
ground surface i Da
AW Rod (Shear Vane i Dt
Depth to vane tip D, ( ) \ E:
Il
SHEAR VANE i
it
Vane Used 3.625" by
1l
Vane constant, k i
(Ib-in to psf) 0.905 1':
it
Masurement by Automatic/torque cell Shasr VERE ! :
Max Torque 253 Ib-in Ds
1
Max UD Shear Strength 1306 psf
250.0 |
€ 200.0
2
D 1500 b ———— "
&
g b ela o (—— bk otl v — & s
i b B | —#%— Peak Strength i
' B ) -—#—-Remolded Strength ’—
0.0 2 : : : :
0.00 10.00 20.00 30.00 40.00 50.00 60.00

Angular Rotation (deg)

DLZ Ohio, Inc.

EMNGINEERS * ARCHITECTS * SCIEMTISTS
Pl ANNFRS * Sl IRVFYDRS




Vane Shear Test Report

Read Time A time Rotation  Torque
_ (degrees) _ (in-Ibs.)
Peak Strength Test
14:38:34 0:00:00 0.00 0.0
14:38:42 0:00:08 0.77 7.6
14:38:48 0:00:14 1.35 7.4
14:39:13 0:00:39 3.77 33.6
14:39:28 0:00:54 5.22 32.6
14:39:42 0:01:08 6.57 314
14:40:05 0:01:31 8.80 42.4
14:40:17 0:01:43 9.96 539
14:40:38 0:02:04 11.99 80.2
14:40:54 0:02:20 13.53 107.9
14:41:12 0:02:38 15.27 143.7
14:41:38 0:03:04 17.79 180.7
14:42:07 0:03:33 20.59 218.2
14:42:22 0:03:48 22.04 233.7
14:42:41 0:04:07 23.88 246.0
14:43:05 0:04:31 26.20 251.3
14:43:34 0:05:00 29.00 252.5
14:44:05 0:05:31 32.00 252.5
14:44:18 0:05:44 33.25 247.0
14:44:33 0:05:59 34.70 241.1
14:44:49 0:06:15 36.25 241.0
14:45:04 0:06:30 37.70 237.7
14:45:19 0:06:45 39.15 236.0
14:45:41 0:07:07 41.28 238.1
14:45:49 0:07:15 42.05 237.6
14:46:02 0:07:28 43.31 233.8
14:46:12 0:07:38 4427 232.2
14:46:38 0:08:04 46.79 232.0
14:46:51 0:08:17 48.04 230.9
Peak Torque 252.5498 (Ib-in)
Vane Constant 5.17
Peak Shear Sirength 1306  psf

Page 2 of 2
Read Time A time Rotation Torque
(degrees)  (in-Ibs.)
Remolded Strength Test
14:56:26 0:00:00 0.00 0.0
14:56:34 0:00:08 0.77 8.1
14:56:38 0:00:12 1.16 8.0
14:56:44 0:00:18 1.74 7.9
14:56:53 0:00:27 2.61 16.7
14:57:00 0:00:34 3.29 20.1
14:57:07 0:00:41 3.96 43.2
14:57:13 0:00:47 4.54 64.2
14:57:22 0:00:56 5.41 104.7
14:57:29 0:01:03 6.09 118.0
14:57:34 0:01:08 6.57 121.0
14:57:39 0:01:13 7.06 121.9
14:57:45 0:01:19 7.64 119.2
14:57:55 0:01:29 8.60 117.2
14:58:03 0:01:37 9.38 117.3
14:58:13 0:01:47 10.34 116.8
14:58:20 0:01:54 11.02 116.3
14:58:28 0:02:02 11.79 114.8
14:58:35 0:02:09 12.47 114.4
14:58:50 0:02:24 13.92 114.3
14:58:57 0:02:31 14.60 112.3
14:59:02 0:02:36 15.08 109.3
14:59:09 0:02:43 15.76 107.9
Remolded Torque 121.93  (lb-in)
Vane Constant 5.17
ARemolded Shear Strength 630.40 psf
Sensitivity 2.1

: | P
DLZ Ohio, Inc.
ENGINEERS * ARCHITECTS * SCIENTISTS
PLANNERS " SURVEYORS




3.6 Results |1 N
C, tsf 1.808 5] =
5, oG O S -
Tan(d) 0
L e T T L DL +
ﬂ oo e, -
g il g
g
n 20 B - C
25 1A ~
[ b
2 N
P 42 £ \\
& \
/ A\
/ \
Y
| \
0
0 12 2.4 36 4.8 6
Normal Stress, tsf
B : Sample No. 1
Water Content, 19.8
5 __ | Dry Density, pcf 102.7
Ir\ .8 | Saturation, 81.0
'€ | Void Ratio 0.6713
B 4 t Diameter, in. 2.85
o | N ] Height, in. 5.03
W = —
g I 1 Water Content, 18.4
“ 3 IJ = | D1y Density, pcf 102.7
e ]1 2 | Saturation, 75.4
S ] 2 Void Ratio 0.6713
o 2fHf Diameter, in. 2.85
Height, in. 5.03
Strain rate, in./min. 0.06
]
;’ Back Pressure, tsf 0.00
I
i [ _ Cell Pressure, tsf 3.00
i 5
0 5 10 15 20 | Fail. Stress, tsf 3.62
Axial Strain, % Ult. Stress, tsf 3.62
o, Failure, tsf 6.61
Type of Test: .
Failure, tsf 3.00
Unconsolidated Undrained i et
Sample Type: Client: TranSystems, Inc.
Description: Silty clay
Project: SCI-823-0.00
LL=23 PL=17 Pi=6
Assumed Specific Gravity= 2.75 Source of Sample: B-47 Depth: 6.0

Remarks:

Figure

Sample Number: ST-2

Proj. Na. 012 1-3070.03

Date: 7/21/07
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Total
= 1.81tsf
o= 0.0deg
tan o= 0.00
4
B
o
2 ——
! | LA [
?
S | T : +
: |'
8 | | i |
0 1 2 3 4 &
p. tsf
Stress Paths: o indicates peak + indicates end
Client: TranSystems. Inc.
Project: SCI-823-0.00
Source of Sample: B-47 Depth: 6.0 Sample Number: ST-2
Project No.: 0121-3070.03 Figure DLZ, INC.
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3.3 Total Effective -+
C, tsf 0.091 0 //
0, deg 20.4 36.8 -+ al
Tan(o) 0.37 0.75 - i
" -
] T -"f J’ -
w 22 - -
@ L 1 - - ~ :
n) ] L
7 —
E}» = AT = - == =y
)
5 1z e =
E et N
Wy - T >
: ] M, N
o, e / N
P — / N\
A 4 =1 F, L, \
AAMB v il N f A \
— N N A
il b [ " I
0 | Tﬂ 1 I | 1
0 €1 2.2 3.3 4.4 55 6.6
Total Normal Stress, tsf
Effective Normal Stress, tsf — — —
8 Sample No. 1 2
Water Content, 27.6 24.7
5 __ | Dry Density, pcf 91.6 96.3
.8 | Saturation, 86.8 86.9
‘€ | Void Ratio 0.8742 0.7830
B 4 Diameter, in. 2.82 2.79
G ] Height, in. 5.54 4.95
:é;) Water Content, 28.5 242
4 & - + | Dry Density, pcf 96.3  103.1
% — @ Saturation, 100.0 100.0
= &% Void Ratio 0.7834 0.6657
S 2 Fé Diameter, in. 2798 2.74
Vi Height, in. 5.44 4.79
/ ] Strain rate, in./min. 0.01 0.01
i Back Pressure, tst 3.31 3.31
A Cell Pressure, tsf 4.32 6.34
o Fail. Stress, tsf 1.34 3.50
0 5 10 15 20 Total Pore Pr., tsf 3.95 5.29
Axial Strain, % Ult. Stress, tsf 1.34 3.50
Total Pore Pr., tsf 3.95 5.29
G, Failure, tsf 1.71 4.55
Type of Test: o ;
Failure, tsf 0.37 1.04
CU with Pore Pressures 2
Sample Type: Press tube Client: TranSystems. Inc.
Description:
Project: SCI-823-0.00
Li= 38 PL=21 Pl= 17
Assumed Specific Gravity= 2.75 Scurce of Sample: B-1105A Depth: 16.0

Remarks:

Figure

Sample Number: ST4

Proj. Ma.: 1 21-317n603

Date: 5/24/07
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Client: TranSystems. Inc.
Project: SCI-823-0.00
Source of Sample: B-1105A Depth: 16.0 Sample Number: ST4

Project No.: 0121-3070.03 clgure .. DLZ, INC.
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Total Normal Stress, tst
Effective Normal Stress, tsf — — —
. Sample No. 1 2
i Water Content, 28.4 29.1
25 = PN _ | Dry Density, pct 95.8 95.6
v N 3 | Saturation, 98.7 1004
] 3 € | Void Ratio 0.7914 0.7964
B 2 ,}’ e - Diameter, in. 2.84 2.83
& / Height, in. 5.56 5.56
w
g ;' Water Content, 26.3 25.7
9D 15 +; | Dry Density, pef 99.7  100.6
2 { 2 | Saturation, 100.0  100.0
3 s Void Ratio 0.7223 0.7068
O 11 = Diameter, in. 2.79 2.76
II & Height, in. 556 556
i‘ vz Strain rate, in./min. 0.06 0.06
0.5 = 4 Back Pressure, tsf 4.03 4.03
, Cell Pressure, tsf 5.04 6.05
0 Fail. Stress, tsf 0.83 2.63
0 5 0 15 20 Total Pore Pr., tsf 4.71 522
Axial Strain, % Ult. Stress, tsf 0.83 2.63
Total Pore Pr., tsf 4,71 5.22
o, Failure, tsf 1.16 3.45
Type of Test: - ;
; Failure, tsf 0.33 0.82
CU with Pore Pressures Oy (WIS
Sample Type: 3" Press TUbe Client: TranSystems, Inc.
Description: Lean clay
Project: SCI-823-0.00
Li= 38 PL=19 Pl= 19
Assumed Specific Gravity= 2.75 Source of Sample: B-1108 Depth: 18.0
Remarks: Sample Number: P3
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APPENDIX IV

MSE Wall Bearing Capacity and Stability Calculations
MSE Wall Global Stability Analysis Results
MSE Wall Settlement Calculations
Downdrag Calculations
Drilled Shaft — Side Friction and End Bearing Calculations -
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oy SUBJECT Client CH2M Hill JOB NUMBER 0121-3070.03
Project  SCI-823 Portsmouth Bypass SHEET NO. “2- OF 21

ltem MSE Wall Stability COMP. BY ﬁ% £ DATE g-13-07
Wall No. 1, Fairground Road CHECKEDBY pAA4 DATE Z-3/07
Full Height MSE wall, based on B-47 & B-1146
STABILITY OF MSE WALL
Assumptions: Wall Properties Foundational Soil Properties
1 Estimated height of embankment; H=31.0" HeD = 34 feet ¢ Cohesion
2 Sssume bridge is supported on deep foundations Vi = Eil2 pef o' Friction angle

3 Ground water; Dw=0.0' L = 374 feet wr = 240 ps'f Traffic loading

4 Traffic loading is neglected in resisting forces L factor Length factor-range (0.7 -1.0)

5 b = deg Friction Angle of Embankment Fill
RESISTANCE AGAINST SLIDING ALONG BASE '
Thrust: P =K, [E H 2p (OTH} TRAFFIC LOADING
¢ ¥ ¥ | A
where; K = tan?(45-L) K, = 033 i _
2 EMBANKMENT /|
P, = 25582 Ibs per foot of wall FILL /!
Resistance: P, = W() (Drained) T ——tm
) Pt
where; =|Z |tan = 037 ! | z
M [3J (¢) Iz . Lot
3 R
P = 56,459  Ibs per foot of wall { | g
USE THIS VALUE
P, = L(C ) (Undrained)
P = 87,890  Ibs per foot of wall
Use Drained Value
5 Calculated Required Resistance Against Sliding is
FS = P' F§ = 221 FS = 1.50

RESISTANCE AGAINST OVERTURNING
* Summation of Moments about point "O" (base of wall).

* Traffic loading is neglected in resisting forces

a2 ” g L
ZM“”N’“E = 2"853’4?0 Ib-ft E”Mrr.tl‘xll'ng = ﬁL(EJ
TMocumng = 305,184 Ib-fe M i = Ko [l e [ﬁ] i H[EJ]
2 ! 2
SM Calculated Required Resistance Against Overturning is
FS = e i FS = 935 FS = 200

CnErTHITn ¢




Client  CH2M Hill

Project SCI-823 Portsmouth Bypass

ltem

MSE Wall Bearing Capacity

Wall No. 1, Fairground Road

Full Height MSE wall, based on B-47 & B-1146

JOB NUMBER 0121-3070.03

SHEET NO. 3 OF 24
COMP.BY <A DATE 4-13-07
CHECKEDBY DAA DATE §-31-07

BEARING CAPACITY OF A MSE WALL
Ref: {AASHTO; STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES, 17th Edition, 2002}

TRAFFIC LOADING

rfi""""
EMBANKMENT 1 |
f REINFORCED
FiLL I
Il’ | Z E
Fo H
T S Do
r‘—-—;—-—-
s '
P JJ\—c---i-—q---
!
i ! I 3
) i ok s aomanll }
o | b
e H
W
Effective Bearing Pressure
s Wty
A Eeg Oy = 4,806 psf

Ultimate undrained bearing capacity, g .,

1
Qur=cN.+0, N, +'"2'7‘BA; Jur =

_ Yyt
GarL FS

Factor of Safety =

Ultimate drained bearing capacity, g .,

12,252 psf
Quu = 4,901 psf
2.55 OK

13 ] l
Quir=°¢ N¢'+GDN'J +H2-}HBN’ Qur = 21,567 psf
g — Yuer q
LT o AL = 8,627 psf
Factor of Safety =  4.49 0K

Soil Properties

YemB =
Oegmg =

YrDN =

= N e 0

Unit weight
Friction ang.
Unit weight
Cohesion
Friction ang.
Cohesion

Friction ang.

Embankment fill
Embankment fill
Foundation soil
Foundation soil
Foundation soil
Foundation soil

Foundation soil

Wy = 240 psf Traffic loading

L=B = 374 ft Length of MSE reinforcement
Lfactor = = 4.4 Length factor-range (0.7 - 1.0)
D = Embedment depth

Dw = ft Groundwater depth

H+D = 34 ft

H = EUStIR Height of wall

Ka = 0.33

Pa = 11333 ft Moment arm

Fwe = 17 ft Moment arm

B' = 3362 ft

i = 57.6 pcf

W, 8,976 1b/ft of wall Weight from traffic
Wie = 152,592 Ib/ft of wall Weight from MSE wall
Bearing Capacity Factors for Equations (AASHTO)
Undrained Drained

N, 5.14 N. 27.86

N, 1.00 N, 1644

N, 0.00 N, 1934

Eccentricity of Resultant Force Kern

e = 1.89 ft e<l/6 = 6.23 ft




3 SUBIECT Client CH2M Hill JOB NUMBER 0121-3070.03
; D Project  SCI-823 Portsmouth Bypass SHEET NO. 1{ OF 21

ltem  MSE Wall Stability COMP. BY _{%& DATE £-13-07
Wall No. 2, Fairground Road CHECKEDBY DHAA DATE 9-3i-07
Full Height MSE wall, based on B-45 & B-1113
STABILITY OF MSE WALL
Assumptions: Wall Properties Foundational Soil Properties

Cohesion
¢ Friction angle

W 240 psf Traffic loading

4 Traffic loading is négiected in resisting forces L factor = Length factor-range (0.7 - 1.1)

5 o = g 30 deg Friction Angle of Embankment Fill
RESISTANCE AGAINST SLIDING ALONG BASE

1 Estimated height of embankment; H=29.0'
2 Sssume bridge is supported on deep foundations

' 3 Ground water; Dw=0.0'

TRAFFIC LOADING

Thrust: F.=K, [%}Hz +a)TH]

| SV,

where; K = tan’ (45— 2) K, = 033
2 EMBANKMENT
P, = 22,810  Ibs per foot of wall FILL
]
Resistance: P = W(u) (Drained) T =
J;-'_-—
h 2 0.37 P
; _ = _ :
e =2 ) b oo i
< NN \I,(r\ N
P = 50,012 Ibs per foot of wall L
USE THIS VALUE
P, =L(c) (Undrained)
P = 52,800  1lbs per foot of wall
Use Drained Value
- Calculated Required Resistance Against Sliding is
FS:? FS = 219 FS = 150

RESISTANCE AGAINST OVERTURNING
* Summation of Moments about point "O" (base of wall).
‘ * Traffic loading is neglected in resisting forces

| TMugising = 2,378,957 Ib-t M, = L[ % }
IMoeruming = 256.819  Ib-ft el 1 sl H H
? ZMun;crrm-:rr'rg Ku|:2 7'H ( 3 ]"‘a)rH( 2
| > M Calculated Required Resistance Against Overturning is
FS = —— """ FS = 926 FS = 200

' (NN g




B SUBJECT Client  CH2M Hill JOB NUMBER 0121-3070.03
S %D I l z [ Project SCI-823 Portsmouth Bypass SHEET NO. 45 OF 74
Iltem  MSE Wall Bearing Capacity COMP. BY Y DATE £-)3-0%

Wall No. 2, Fairground Road CHECKEDBY aA DATE £-2/1-07

Full Height Wall

BEARING CAPACITY OF A MSE WALL
Ref: {AASHTO; STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES, 17th Edition, 2002}
Soil Properties
TRAFFIG LOADING
v & 9 YemB = Unit weight Embankment fill
L O'emp = Friction ang. Embankment fill
EMBANKMENT /| Yon = Unit weight Foundation soil
FRLE :'J_.E_-_ c = Cohesion Foundation soil
J,fr_"‘;_" [0} = Friction ang,. Foundation soil
T ﬁ ¢! = Cohesion Foundation soil
Plo—s——t” S '1| ; o’ — Friction ang. Foundation soil
rf :
g \?\ ) Loads and Parameters
: | *L based on H+D=32'
Ll = 240 psf Traffic loading
w L=B = 352 ft Length of MSE reinforcement
L L factor = Length factor-range (0.7 - 1.1)
Effective Bearing Pressure D = (o3 ft Embedment depth
. W, + W, . Dw = 0 1t Groundwater depth
v L=1¢ v = 4,542 psf H+D = 32 ft
H = .29 ft Height of wall
Ultimate undrained bearing capacity. g ,; Ka = 0.33
I [ Pa = 10667 ft Moment arm
Qui=cN+0', N, "’E VBN qur = 7883 psf [ we = 16 ft Moment arm
_ Yuer BI. = 3162 ft
o= "pg Que = 3,153 psf 7 = 576 pcf
W, 8,448 Ib/ft of wall Weight from traffic
Factor of Safety = 1.74 No Good Woe = 135,168 Ib/ft of wall Weight from MSE wall
Ultimate drained bearing capacity. g ., Bearing Capacity Factors for Equations (AASHTO)
] Undrained Drained
r=CN A N 4orBN, o o 20453 per N, 5.14 N, 27.86
N, 1.00 N 16.44
o, = 2L Que = 8,181 psf N 0.00 N 1934
FS ?
Factor of Safety = 4.50 0K Eccentricity of Resultant Force Kern
e = 1.79 fi e<l/B = 587 ft




SDLZ ™

Client  CH2M Hill JOB NUMBER 0121-3070.03

Project SCI-823 Portsmouth Bypass SHEET NO. (g OF 2}

ltem  Undrained Strength Analysis - Staged Const. COMP, BY CAHH DATE. 5-132-067
MSE wall No. 2, Fairground Road CHECKEDBY 7){4A DATE _£-30-077

Determine Increase in Undrained Shear Strength Due to Consolidation

Undrained Strength Analysis - Staged Construction

Ref: Ladd, Charles C. {1991). "Stability Evaluation During Staged Construction." The Twenty-Second Karl Terzaghi Lecture. , Joumnal of
Geotechnical Engineering, ASCE, 117(4), 540-615

Embankment  “~__ K Increase in Undrained Shear Strength from consolidation
"~ oz
c, =Cy,+ Ao"-'tan(d)cu)
S:agez\ H e
\ ! Where: ¢, Initial undrained shear sg_rén'gt_h, UU or q, testing
Sage Ex. Ground Surface &, Determined from CIU -té_stin_g
/ A0’ Effective stress increase due to embankment loading
D\ N N NNNNARRANNNRN e :
oLayer 1 Foundation Soil Ac'=(H, - Vi )U :
Fp— Where: U Average degree of goﬁSolidalion— (%)
H, Height of Embankment, Stage n (ft)
Embankment Fill
*hawre Yan 120 pef
__________________________________________________ Top of leveling pad el. 562.0"

Bot. of excavation el. 560.5

Depths measured from bottom of leveling pad excavation, betow MSE retaining wall

Stage 1 Embankment First Stage Embankment Height Hi= 19.0 Average Percent Consolidation U= 90%
Initial Undrained Shear B cy (pst), After Percent

Depth | Soil Type Strength, ¢, (pst) Ac' (psf) | ¢, (deg) Ac, (psh Consolidation Increase
0-12.5 | A-6b/A-2-6 1500 2052 15.0 550 2050 37%

Stage 2 Embankment Second Stage Embankment Height H,= 8.0 Average Percent Consolidation U= 90%
0-12.5 | A-6b/A-2-6 2050 864 15.0 232 2282 11%

Stage 3 Embankment Third Stage Embankment Height — Hy= 2.0 Average Percent Consolidation U= 0%
0-12.5 | A-6b/A-2-6 2282 0 15.0 0 2282 0%




T SUBJECT  Client  CH2M Hil JOB NUMBER 0121-3070.03
{%’% D I f 2 ' Project SCl-823 Portsmouth Bypass SHEET NO. 7 OF 21
ltlem  MSE Wall Bearing Capacity COMP.BY <7}/ DATE 8-/3-07

Wall No. 2, Fairground Road CHECKEDBY T)AA DATE £-30-07

Stage 1, H+D=22', based on B-45 & B-1113

BEARING CAPACITY OF A MSE WALL
' Ref: {AASHTO; STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES, 17th Edition, 2002}
Soil Properties
TRAFFIC LOADING
F F Py YemB Unit weight Embankment fill
i O'emp Friction ang. Embankment fill
EMBANKMENT E YroN Unit weight Foundation soil
o REINFORGED
FILE }f-.-i—- e c Cohesion Foundation soil
f H Lo} Friction ang. Foundation soil
I T {f_j___ g’ Cohesion Foundation soil
P s o' Frictionang.  Foundation soil
= |
N \,} J “Ai\ ™ T j: N Loads and Parameters
| o |\ D- *L based on H+D=32'
e+ Gy = 240 psf Traffic loading
W T = 352 ft Length of MSE reinforcement
L I Lfactor = B Length factor-range (0.7 - 1.1)
Effective Bearing Pressure D = ft Embedment depth
| iy = W, +W,s Dw = 0 ft Groundwater depth
P L~% Jy = 3,032 psf H+D = 22 ft
H = ek Height of wall
Ultimate undrained bearing capacity, g . Ka = 0.33
1 M Pa = 73333 ft Moment arm
qULT=CNc +a'p Nq "373 M' Qur = 7,883 psf rwt = 11 ft Moment arm
B’ = 3344 ft
Qare= qF”’;" Quv = 3,153 psf 7! = 576 pef
W, 8,448 Ib/ft of wall Weight from traffic
Factor of Safety = 2.60 OK Woe = 92,928 Ib/ft of wall Weight from MSE wall
| Ultimate drained bearing capacity, g ., Bearing Capacity Factors for Equations (AASHTO)
| Undrained Drained
ur=CN AT N ASYBN, - g0 = 21467 pot N, 5.14 N. 27.86
N, 1.00 N, 1644
Gar = q;;’ Qui = 8587 pst N, 0.00 N, 1934
Factor of Safety = 7.08 OK Eccentricity of Resultant Force Kern
e = (.88 ft e<l/6 = 5.87 ft




F’" N SUBJECT Client  CH2M Hill JOB NUMBER 0121-3070.03
. ‘g;i% D I Z Project SCI-823 Portsmouth Bypass SHEET NO. 123 OF 4

ltem  MSE Wall Bearing Capacity COMP.BY <5/ ¥ DATE -13-07
Wall No. 2, Fairground Road CHECKEDBY DAA DATE -3)-27

Stage 2, H+D=27'+3'=30', based on B-45 & B-1113

BEARING CAPACITY OF A MSE WALL
Ref: {AASHTO; STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES, i7th Edition, 2002}
Soil Properties

TRAFFIC LOADING
YemB Unit weight Embankment fill
O'emp Friction ang,. Embankment fill
EMBANKMENT YeoN - Unit weight Foundation soil
FILL c Cohesion Foundation soil
) = deg. Friction ang. Foundation soil
T —r;'—""‘*—"* ¢’ = psf CQhe'sion. Foundgtion soil
P R o’ = _deg.  Friction ang. Foundation soil
M
£ §

Loads and Parameters
*L based on H+D=32'

o = 240 psf Traffic loading
W L=B = 352 ft Length of MSE reinforcement
L L factor Length factor-range (0.7 - 1.1)
Effective Bearing Pressure ' D Embedment depth
W+ Wi Dw Groundwater depth
i 5 =
v Jolo Oy = 4219 psf H+D
H Height of wall
Ultimate undrained bearing capacity. g .. Ka =
1 M Pa = 10 ft Moment arm
QULT':CAE"'OJDN:;']'E}HBM Qur = 10,710 psf rwe = 15 ft Moment arm
B' = 3204 ft
Garn =1L Qe = ' = 576 pof
ALLT "o aL = 4,284 psf P4 = L pe
W, 8,448 |b/ft of wall Weight from traffic
Factor ot Safety = 2.54 OK Woe = 126,720 1b/ft of wall Weight from MSE wall
Ultimate drained bearing capacity, g ., Bearing Capacity Factors for Equations (AASHTO)
[ Undrained Drained
Gur=CN AT N VBN, qur = 20,687 psf N, 5.14 N. 27.86
N, 1.00 N, 16.44
G, = TUL Qur = 8275 psf N, 0.00 N, 1934
| ALL FS = e A ps ; v .
= 4.90 OK Eccentricity of Resultant Force Kern

| Factor of Safety
e = 1.58 ft e<L/6 = 587 ft

e - - O T Ll S IR R e} ArAAAAT 4.4 4 MBa



5 SUBJECT Client  CH2M Hill JOB NUMBER 0121-3070.03
DL Z Project SCI-823 Portsmouth Bypass SHEET NO. = OF Zt
ltem  MSE Wall Bearing Capacity COMP.BY S/ DATE B-/3-07
Wall No. 2, Fairground Road CHECKED BY ﬂf Af DATE Z-31-p77

Stage 3, H+D=29'+3'=32', based on B-45 & B-1113_

BEARING CAPACITY OF A MSE WALL
Ref: {AASHTO; STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES, 17th Edition, 2002}
Sail Properties
TRAFFIC LOADING
1 YEMEB Unit Wf':lght Embankment fill
O'Ems Friction ang. Embankment fill
EMBANKMENT YeDN Unit weight ~ Foundation soil |
FiLL c Cohesion Foundation soil
b Friction ang. Foundation soil
T ; c' Cohesion Foundation soil
i]_.-‘—.-
P D ' S 2 ¢’ Friction ang. Foundation soil
i
SRR Vi Loads and Parameters
*L based on H+D=32"'
Gl = 240 psf Traffic loading
W L=B = 352 fi Length of MSE reinforcement
L I Lfactor = - 1.1 Length factor-range (0.7 - 1.1)
Effective Bearing Pressure D = w3t Embedment depth
WA W,, Dw = o ft Groundwater depth
g =— i
v L= Jy = 4,542 pSf H+D = 32 ft
H = tades Height of wall
Ultimate undrained bearing capacity. g .x Ka = 0.33
1 [ Pa = 10.667 ft Moment arm
qur-‘-chi-wDNq’f'i?’BM Qur = 11,902 psf Frwe = 16 ft Moment arm
q B' = 31.62 fi
e SULT 1
9at = "p¢ Que = 4,761 psf 7 = 576 pcf
W, 8,448 Ib/ft of wall Weight from traffic
Factor of Safety = 2.62 OK Woe = 135,168 1b/ft of wall Weight from MSE wall
Ultimate drained bearing capacity, g .. Bearing Capacity Factors for Equations (AASHTO)
. ' | 5 Undrained Drained
ir=CN AT N+ VBN, 0 = 20453 pst N, 5.14 N, 27.86
N, 1.00 N, 1644
_ YGurt :
T Quv = 8,181 psf N, 0.00 N. 1934
Factor of Safety = 4.50 OK Eccentricity of Resultant Force Kern

€ = 179 ft e<l/6 = 5.87 ft




ENGINEERS + ARCHITECTS « SCIENTISTS
PLANMERS + SURVEYOURS

CUENT__ O HZ M Hilf PROJECT NO. 12i-3070.0%

PROJECT_<42i- B2%  Brlennwrh 52\1,““:« SHEET NO. / O o Z1

SUBJECT _Fairatouads Rd  “dpudnres COMP. BY SAK  DNE_P/ 5-.03
Sheend  Coritiry %,'on Dm,fﬁ CHECKEDBY __ DAA  owe_F-310

- uons-wz,-wn B mwrwf —‘Cof‘ M // No 2.
gg,' jizo ,04 f) zzw,ag; g f5 E’/an
_ g_&g,:,agis fﬁo re /Onz;bams 'f}:r:md/

: -_""ss ‘}05}'};« o LYEIOL it

: // vf;’. 90%‘{'1‘5‘ 57:;-’ b) e l

e B




(0/¥1/8 3T | ¥ 9w | €0 '0L0E-1210 'ON 1J3r0dd

00 '0-€28-13S

SISATYNY ALITIEYLS 19E0719 3SKW

9%171-4 B Lp-g sBuiuog uo pasvog
I 'ON 110M pooy punoubuioy

abuoyouazur £2-sn

2 fe iy +745

6'1=8S4 2lWsIag
I'@=S4 pauloJ(q

9'2=S4 pauloJpun

00 LSlidygomoalTTNSINZION WY S1IES'L L L00Z/S L “Bmp Agers

R ENE] §2) TN T
— 2255 T3 e Kt =
12655 13 LMO @ A ~ A
\m. "~ 796 feped bugers7 | N
0€96 13 e

[ _

®

./I NOM 3SKW

xv.hm

FUSURAGWS WNWIUIW

HI'T="1
0'E

(puauwpagus Buipn|oup
14BlaH W4 ,0'vE=H

(OM 35903 1

'ON NOoM

A3Nigog S

owsm | [ T 1T T T T T T 11T 11711 34N3DNJ3S POOY SPUNOUBUD 4
#sd o2 Bupoon diggoul 9y1l-9 B /- UO pasvyg
siIsAyouy
Gyl GP 00001 GY 00001 »20Jpag G 10i491 D}
0zl 62 0 6¢ 0 1S aS007| ¢ 1014830
0cl B 0 0 0S¢T 09-¢/0f-¥ 3313+S 'A| € 104310
ozl 0¢ 0 0¢ 0 N4 ‘quy pa300duwo] | 2 10l4a} ol
) ¢ 0 R 0 N4 3ISKW Pa320dwo]| [ 10/483} 0K
(32d) L | (B3py ¢ (3SA ST Bep) ¢ (3sd) > adA] oS ASUayS[SuUc) [IEEERIN
paulodpun

pauoJq

0'0L0EV L2 0oy



JECTA SVA-TERCTR (1Y _ - 1Y eyl #

€0 '0L0E-1210 'ON 133r0dd

00 0-£28-10S

SISATIUNY ALITIEVLIS WE019 3SKW

€111-9 3 Sp-g sbuiuog uo pasog

2 'ON 1108 pooy punoubuioy
abuoyouazur £2-sn

00 LSIyyRosl THIANZIC, WY SEIESLL LO0ZIS LB "Gmp ANjiqers

\£Z SNisal

UANED DL 02 Z LoV

Sl R o 0'2=S4 Dus|SS
2'2=S4 pauoug
0'2=S4 paulodpun
©
.m,vvw“hm AVv /y /
I| Tes T ima yay ..w\ .Hh.....llT..”IdIlnH.|l.ﬂ..I el -
i \ '
® ~ ~~ ~
2 [ wmame NI
099G 15 \\
/
,\\ 2'GE = HI'T=T]
/ 1/(.:@3 —_— 1UBWP WS gﬂ%E?L\Qm
, \ @ ® (rUaupaguwa Bulpndun
/ 1UblaH 24 0'2€=H
owsm | | T T 1T I T I T T T T T 1711 Cl S FEO0I & PN JEOR
450 b3 BUPLOT (g40ul 34N31DNULS VoY SpunoUBuro 4
e1ll-4 8 G- U0 posvog
sisAyouy  A3Nnic03S
Shl S 00001 S 00001 #>04pag G 101433 O
0zl og 0 0g 0 y—2-v 3S00T | ¥ 101433 OW
0zl 62 0 0 0051 9-2-Y/49-V F3S A € 10[J330W
0zl 0g 0 0g 0 N4 qu3 3320duo]| 2 1053 0K
ozl ¥e 0 e 0 ERENT P2320dWo] | T 104330
(320> £ | (B3P & | (I35 ,0 | (Bapy & | (450 D 3dAL 0§ ADuUa3sIsU0) 10[I33 O
pauroJq paulodpun




Lo/vi/d 3180 ._

¥rs QWD _ €0 '0L0E-1210 'ON 1J3r0dd

IQLSHdYYRA00 TR WY BFES!LL LOOZISLIE “tmp fiigeis QWAEZ SMsab REDOLOEN 24 (g

SISATYNY ALITIEVLS LINIWANVEW3

00 '0-£28-1JS

E111-9 3 Sy-g sbuiuog uo pasog
pUawuogwl Yooouddy |)oM POOY pUNoUBUio 4

abuoyousrur gz-sn

12 fo £/ F77(5
L'T=S4 2lusiag
(Pal4pads) g'1=S4 paulvug
£2=S4 paulnJpun
®)
G ”vvm. ”,.w_ mm.v L. IV /
_a%mﬁ@w W - -
~
AWV .
7 i _ N
.0°99¢ 13 \ \\ AN >
/
/
/ +4YBleH NNy L0'82=H
A3NIG0LS jUaWHUOGWT YDdoouddy
/ 34NEDNULS PVOY spuUnoUBulo 4
[ e e SUARE # o, T e
0'¥65 13 SIS oul
#sd 0y2 BuipooT Dg40d] SRR CRIREE
aJdnmo4 adoyS a3juljul
c'1=S4 prauoJq
Sl St 00001 St 00001 H204pag 7 101433} Ol
0zl o€ 0 . 08 B _ ¥-2-v 3S007| € 10[483 O
0Z1 62 0 0 . 00GL S-g=l fES 3313FS 'A| 2 1014330
ozl og 0 0¢ 0 N4 "qu3 Pa320dwWo] | T 101431 0K
(32D L | (O3p) §| (3sd) 0 | (Bapy & | (45dy o 3dAL 0S5  ADUa35/5u0] 1O[433 O
pauroJq pauoJpun




L0/S3/8 uEn_ Ars ,,.._._au_ €0 DLOE-1210 'ON 1D3rOdd A AT e el i R MMM St e |
00 '0-£28-13S
SISATENY ALITNIGVYLS w8070 3SKH
E111-9 3 S¥-g sBuluog uo pasog
2 'ON 119M pooy punoubuio i
abuoyduazuy g2-sn
12 Fo H F77YS i
8'1=S4 pauloJ(
KRz RE] @) \
e — .lf T =~/ 2 0056 T3
, -~
® o e P
: ‘ 7,295 ‘16 ped Buiara] .ﬂr \\\ ' /
0896 13 = "
B "0'695 15 99BNG ol < |\ |
/ ,2'GE = HI'I="

jUduWpagWe WNWIUW (g

r/ (Fuawpacwa Buipnidun
® WS 438 yubiaH NNy L02E=H

_ (MOM 353M) 2 'ON 110M

8J4N3YDNULS POOY SpUnoUbulo 4

ores _ “ _ _ ,ummu odvm_mcm__QOn_vn_ _u_m.m_c,x.__. _ _ _ mﬁﬁﬂlm Vw mVIm uo bwmdm

(D0 4uNS D1303uYd AQY pajruasauday 2n)

'saunapind uoIEDdNULSUOD

paboys Bumopnoy aunssaud auod wunwiIxop

10213 3403U3 30 A3NIQ0LS SUIWUA3L3(]

SISATIVNY §838LS anlll3 443
Gyl GP 00001 Gt 00001 X20.Jpag EEERT
0zl 0g 0 0§ 0 ¥—c-v 38S007[ ¢ 101423 O}
0zl 62 0 0 00S1 9-2-¥/99-v 3313S A € 10l4a3 0l
0zl 0g 0 0¢ 0 IERCTE! 033200W0] | 2 10/433 0}
0zl ve 0 ¥ 0 : N4 3ISKW ©3350dwWo]| T 10/4S} O
(32D £ | Gapy | 35d) O (Bap) ¢ | (35d) > 8dA|[ oS  ADUS3SISuo)] 101483 Ol

LAV R aUIvAPUN




Hill

DI z CLIENT CHZ i

PROJECT Sl 1- 823 Pordamopouth RBypass

ENGINEERS » ARCHITECTS » SCIENTISTS
SUBJECT Fa:‘f‘arou.na’s Ra :g‘/'rw ?Lurc.‘a

0izl-Bo70.03
LS OF 21l
S 4K ONE_F14-C

PROJECT NO.
SHEET NO.
COMP. BY
CHECKED BY.

PLANNERS * SURVEYORS )
Conso /mfajﬁ;bn ,/ SeHlervront _wunder 145Euall

:{"dgmf@,{f

Easz’ Mu‘g’
\/u Hfrtf %b‘ s 2
Top of Awdm7 .&4 "'“'?u’ 543 o
el S6l5’ : :
A-st [ A- o

A ledlsabs’)

i LJ'.\{N*:L

e./ S’S‘?Z__g:_ ;i
e A |‘5572 :

Py ?
s \rﬂ\s&f 2 il

) e:‘ sses |

* :45&:@12, = f
fm} f

e
I
¥ s
i

);‘ F?_‘.'J,J uma,

;u {

e "f'/_S m'?c’f

: ,I gopm PLL _,.___dgi(,u,fa T”l
i ﬂ?’ﬁfa?p /\."“

'-:N__,Q
_,fn_

Af}mt” C‘;j :

- Feons EMEAUK :
TTotal  Lettloment 0 23 oFf #2579

K 5‘?’?0-
z*l:’a"

- Prmﬁ e e Mi oy f5 L{?and[ & HH{

| /{J [ ,c:qw,q NM arﬂ _f?_ J

J&uﬂ%ﬂ'{?%'_"’—' ;“*’-(‘fgﬁ‘f?"f '%'J .f W."W/._____:.

DAA_ owe 3-8

5{9?.5 z‘?i

*ma;/']lufg, ern{zmii .{:"hcm B ‘f?
% N-valdes - 8 -uz

-}-«f‘{.’fh

ﬂ'psm‘ﬂef

lncam PP:.. Jﬁrb{




Fairground Road wall No 1

Sheet 1o of 21
&-15-07
jgflg g-3(-0°7

UAAAAA ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Highway Administration AAAAA¢
INCREMENT OF STRESSES BENEATH THE END OF FILL CONDITION

3

3 project Name : SCI-823

3 File Name : FRwWl1

: Date 8/14/10

3

3

3

* Embank. slope, x direc. =

9 y direc. =

3 Embankment top width &

2 Embankment bottom width =

3 Ground surface Elev. =

: water table Elev. =

3

3 LAYER

3 N§. TYPE THICK.

3 (ft)

3

2 1 INCOMP. 6.0

A 2 CcoMP. 4.3

z 3 coMp. 2.7

3

2 SUBLAYER

: NS§. THICK.

: (ft)

3 1 INCOMP.

2 2 4.30

, 3 2.70

3

3

3

E X = 0.00

® Layer Stress Sett. S

j (psf)  (in.) (

3 1 INCOMP. INCOMP. 1IN

2 2 7358 0.20 16

2 3 107.27 0.04 16
LG e

: ) ng,t? 2.8

3 X = 236.00

* Layer Stress Sert. S

: (psf) (in.) (

4 1 INCOMP. INCOMP.

3 2 1756.04 2.88 17

: 3 1759.93 0.45 17

2 3.33

3

3

2

AAAAAA Hit arrow keys to di

3

Client : CH2M Hill 3

Project Manager : Nix 3

Computed by :osir :

3

Settlement for X-Direction :
59.00 (ft) Height of fill H = 29.50 (ft) 3
00.10 (ft) unit weight of fill = 120.00 (pcf) °*
273.00 (ft) p load/unit area = 3540.00 (psf) °3
391.00 (ft) Foundation Elev. = 567.50 (ft) @
567.50 (ft) :
559.20 (ft) Unit weight of wat. = 62.40 (pcf) :

; 3

COEFFICIENT UNIT  SPECIFIC VOID 2
COMP. RECOMP. SWELL. WEIGHT GRAVITY RATIO 3
(pct) : ?

--------------- 120.00  ---- ———- 3
0.190 0.000 0.000 120.00 2.65 0.52 2
0.070 0.000 0.000 120.00 2.65 1.00 :
SOIL STRESSES 3

ELEV. INITIAL MAX .PAST PRESS. #
(fo (ps) (pst) ;

3

559.35 978.00 978.00 3
555.85 1188.96 1188.96 2
3

3

X = 59.00 X = 118.00 X = 177.00 #
tress Sett. Stress Sett. Stress Sett. =
psf)  (in.) (psf)  (in.) (psf)  Cin.) :
COMP. INCOMP. i 3
83.33 2.80 1755.80 2.88 1756.07 2.88 3
53 75 0.43 1759.24 0.45 1760.03 0.45 :
0 3. 23,;:> ., 3.33 3.33 »
R :’;M}?'?: ?

X = 295.00 b ow e !
trgss %ettj PropoaJ freet 31 3
S ) 'in. . - + 3
p /AJ _""!k“ ":'_, r?(E(J:— ‘?}ta’?*s 3
3

55.14 2.88 &l :
e _..(.):,fg f) s PR ”FW{,\}&T i 2 Sfyig 3
3.33 3

3

3

splay next screen. <F8> Print. <F1l0> Main Menu AAAAAU
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i Shet 17 of 21

Assumes Normally consolidated Soil sgE  8-15- 5‘7’&)’4/;, 8-3/-07
UAAAAA ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Highway Administration AAAA
INCREMENT OF STRESSES BENEATH THE END OF FILL CONDITION

Project Name : SCI-823 Client 1 CH2M Hill
File Name : FRW2 Project Manager : Nix
Date : 8/14/10 Computed by 1 sjr

sett]lement for X-Direction

56.80 (ft) Height of fill H
00.10 (ft) Unit weight of fill
331.00 (ft) p load/unit area

28.40 (ft)
120.00 (pcf)
3408.00 (psf)

Embank. slope, x direc.
y direc.
eEmbankment top width

L O I TR T |

Embankment bottom width 444.60 (ft) Foundation Elev, 565.60 (ft)
Ground surface Elev. '565.60 (ft) ] ) - .
water table Elev. 550.00 (ft) Unit weight of wat. = 62.40 (pcf)
LAYER COEFFICIENT UNIT SPECIFIC VOiD
N§. TYPE THICK. COMP. RECOMP. SWELL. WEIGHT GRAVITY RATIO
(fv) (pcf) i
1 INCOMP. 5.1 —---- —-—-— —eeee 120.00 ———— ———
2 COMP . 5.4 0.240 0.040 0.000 120.00 2.65 0.69
3 COomP. 7.5 0.050 0.050 0.050 120.00 2.65 1.00
SUBLAYER SOIL STRESSES
N§. THICK. ELEV. INITIAL MAX.PAST PRESS.
(fo) (f) (psf) (pst)
1 INCOMP.
2 5.40 557.80 ' 936.00 936.00
3 7.50 Sali3n 1710.00 1710.00
X = 0.00 X = 28.40 s G 56.80 X = 85.20
Layer Stress Sett. Stress Sett. Stress Sett. Stress Sett.

(psf) (in.) (pst) (in.) (psf) (in.) (pst) (in.)

1 INCOMP. TINCOMP. INCOMP. INCOMP. '
2 70.38 0.29 848.38 2.58 1620.45 4.02 1688.52 4.12
3 131.36  0.07 849.87 0.39 1565.69 0.64 1687.74 0.67

e e e i i — T -

o ~ e ~

£0.36 4 4 2.97 (" 465 4.79
T g L e
qaq&f Sl%_QB
X = 113.60 X = 142.00
Layer Stress Sett. Stress Sett.

(psf) (in.) (psf) (in.)

1 INCOMP. INCOMP.
2 1689.74 4.12 1689.95 4.12
3 1694.31 0.67 1695.54 0.67

Wl W ow oW oW w W W W W oW W W oW oW W oW W W W W oW W W W oW W oWl OW oW oW oW oW oW oW oWw oW oW oW oW oW oW oW oW oW oW oW oW oW W W w W W
W W oW oW W W ow W W W Ww W owow W W W W W W W W W W W W oW Ww W W W W W W WwWwWwWwWwWwWwWwWwWw W W Www Wwoww ww W

AAAABRA Hit arrow keys to display next screen. <F8> Print. <F1l0> Main Menu AAAAAU
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Checked.

SKT

AASHTO Type 4 (54") Concrete |-Beams

SCI-823-10.13
RAMP B OVER FAIRGROUND ROAD

VERTICAL CLEARANCES

Filename: Warkes\profi TranSystems\31986141 541 S\structures\Documenis\Step 8 - Preliminary Design Reporf\Bridge Preliminary Design Reports\Bridge SCI823-1593C Ramp B over
Fargroundy[RampB_Fairground_Vert_Chrxis]Verical Clearance
By: DGS

PROFILE DATA - Fairground Road

Date:  &172007
Date:  S26/2007

LEGEMNDY;

User Input - Mot Critical

User Inpul - Critical 1o Output

Use existing pavement elevations as Fairground Aoad will not be reconstracted in this project

FAIRGROUND ROAD FAIRGROUND FAIRGROUND ROAD -
POINT LOCATION ROAD STATION | EXISTING ELEV. @ POINT
1 E/Pavement 58 n'a S67.67
2 Centerlineg na 567.90
3 E/Pavement NE wa 567.75
Vertical Curve: PVC Sta. 2608+25.00 PVl Sta. 2609+50.00 PVT Sta. 2610+75.00
PVC Elev. 58849 PViElev. 580.65 PVT Elev 584.38
gl 0.93%
g2 2.98%
LG 250
Vertical Curve: PVT Sta. 2610+75.00 PVI Sta. 2613+75.00
PVT Elev, 584,38 PVIElev. 60332
g 2.98%
Superelevation Data: Station LLeft Shoulder Pavement Right Shoulder
2604+08.84 4.0% 7% <T1%
261242525 -4.0% TA% T A%
RAMP B LOCATION RAMF B | LT. SHOULDER RT. SHOULDER | RAMP B - FINISHED
POINT DESCRIPTION STA. OFF.*| PG ELEV. X-SLOPE PVMT X-SLOPE X-SLOPE GRADE @ POINT
1 RT. FASCIABEAM | 2610+76.19| 7.84 594,42 -4.0% T 1% 7.1% 59386
2 RT. FASCIA BEAM | 2610+B7.00| 7.57 59474 -A.0% T1% 7% 59417
3 HT. FASCIA BEAM | 26108854 | 7.87 595.08 -4.0% T.1% -7 1% 504 .52
* For Offsets allow positive {+) to denote an offset to the right of the baseline and negative {-) to dencte an offset to the left of the baseline
STRUCTURE DEPTH Haunch + Max. Top Flange = 4.0 in
POINT | BEAM DESCRIPTION Slab Haunch Top Flange Web Bot. Flange Splice Total
1 AASHTO TYPE 4 8,50 4.00 54 - 6650 in
2 AASHTO TYPE 4 850 4.00 54 - B6.50 in
3 AASHTO TYPE 4 B.50 4.00 54 = 66.50 in
VERTICAL CLEARANCE - RAMP B OVER FAIRGROUND RD.
RAMP B - FINISHED GRADE & | STRUCTURE DEPTH BOT. BEAM FAIRGROUND RD. - FINISHED VERTICAL
POINT LOCATION POINT {in.) ELEVATION GRADE & POINT CLEARANCE (ft.}
1 RT. FASCIA BEAM 593.86 66.50 588.32 56767 20.65 Ok
2 RT. FASCIA BEAM 59417 66,50 58863 6740 20.73 oK
3 HT. FASCIA BEAM 594,52 66,50 588,98 56775 21.23 O

Vertical Clearance






Ohio Prestressers Association

51 Mallard Point Hebron Ohio 43025-9688 Phone: 740-928-2727 Email: mekilc@columbus.rr.com

July 11, 2007

Doug Stachler, P.E.

CH2M HILL - Columbus, OH Office
5775 Perimeter Drive, Suite 180
Dublin, OH 43017

Re: ODOT - Portsmouth Bypass Project - Prestressed Beam Design

Dear Doug:

Thank you for the opportunity to provide input for your prestressed concrete bridge design.
Pursuant to your e-mail, and on behalf of my member PCI producers, Prestress Services
Industries, LLC, and United Precast, Inc., | offer the following:

Bridge 1 - Ramp B Bridge over Fairground Rd.
Project Name: SCI-823-10.13 (Portsmouth Bypass)
PID: 79977

Bridge No. SCI-823-1593

SFN: 7306717

Span Length = 98'-10"

No. of Beams =5

Beam Type: AASHTO Type 4 (54")

Concrete 28 day strength fc' = 7000 psi

Concrete strength @ release fci' = 5500 psi

No. of Strands = 49

Bridge 2 - SR-823 Bridge over Fairground Rd.
Project Name: SCI-823-10.13 (Portsmouth Bypass)
PID: 79977

Bridge No. SCI-823-1594

SFN: 7306725

Span Length = 101'-4"

No. of Beams = 9

Beam Type: Modified AASHTO Type 4 (60")
Concrete 28 day strength f¢' = 7000 psi
Concrete strength @ release fci' = 5500 psi

No. of Strands = 49

Bridge 3 - Ramp C Bridge over Fairground Rd.
Project Name: SCI1-823-10.13 (Portsmouth Bypass)
PID: 79977

Bridge No. SCI-823-1595

SFN: 7306733

Span Length = 106'-10"

No. of Beams =5

Beam Type: Modified AASHTO Type 4 (60")
Concrete 28 day strength fc' = 7000 psi

Concrete strength @ release fci' = 5500 psi

No. of Strands = 50




Producing Type 4 |-Beams is no problem for either member producer.

Release strengths and 28 day strengths you propose will not add any additional cost to
the beams.

3. The beams will be able to be delivered safely to the jobsite.

M =

Both Ohio Prestressers Association members are looking forward to competing on this project
when it comes to sale. If you need any additional information, please call.

Sincerely,
Ohio Prestressers Association

Mary Ellen Kimberlin
Executive Director






inter-office
communication

to: James A. Brushart, District 9 Deputy Director date: Apr. 19, 2007

from: Timothy J. Keller, Administrator, Office of Structural Engineering by: Ananda Dharma, P.E.

subject: SCI-823-6.81; PID 19415; Bridge No. SCI-823-1593; Ramp B over Fairground Road;
Revised Structure Type Study Review

Attn.:  Thomas M. Barnitz, District 9 Production Administrator

We have briefly reviewed Revised Structure Type Study submission from CH2MHill for the proposed
bridge along Ramp B over Fairground Road. Our comments are shown below.

General Comments

1. We agree that the proposed structure should consist of a single span composite prestressed
concrete I-beams with reinforced concrete deck and semi-integral abutments supported on MSE walls.
Also, see the next comment regarding the use of MSE walls.

2. The determination of the maost suitable soil improvement alternative for the proposed
MSE walls is contingent upon approval of the Wall Type Study which will be submitted in a
separate |I0OC by Peter Narsavage. Please incorporate Mr. Narsavage's comments prior to
proceeding with Preliminary Design.

3. Even though the reinforced concrete deck slab will be curved, the
prestressed concrete I-beams will beplaced parallel. Please make sure the 2" Preformed
Expansion Joint Filler separating the concrete superstructure from the wingwalls will be placed parallel
to the prestressed concrete I-beams. Refer to Standard Bridge Drawing No. SICD-1-96.

4. Please reduce the deck overhang as much as possible. We would
like to encourage the Design Consultant to attend a seminar on State
of Practice for Highly Skewed Bridges which will be held on April 24,
2007 at ODOT Central Office Auditorium. Additional information for
the seminar and how to register can be found from the Office of
Structural Engineering's website at the following website address:
http://www.dot.state.och.us/se/skew/skew.htm

The Design Consultant will find the seminar to be very
informative because not only will it discuss the
design/construction of skewed bridges, but also problems
associated with the construction of deck overhang.

B We could not wverify the 30'-0" proposed horizontal clearance
after referring to the ODOT's L&D Manual, Volume 1, Fig. 600-1.
Please make sure that approval of horizontal clearance is obtained



from ODOT - Office of Roadway Engineering Services prior to
proceeding.

The superelevation rate at the proposed Ramp B is 7% which
corresponds to 35 mph Design Speed. What is the Design Speed of the
northbound U.S.R. 23 at the proposed location? The proposed Ramp B
will carry traffic exiting northbound U.S.R. 23 onto eastbound S.R.
823. Ramp B would preferably be designed with the same design speed
as northbound U.S.R. 23. However, our office cannot comment on the
alignment and profile grade because the geometric review of the
proposed alignment will need to be reviewed by the ODOT - Office of
Roadway Engineering Services. Please make sure that an approval from
the ODOT - Office of Roadway Engineering Services prior to proceeding
with the next design stage.

Include the Structure File Number in the Title block. Structure
File Number for this bridge is 7306717. For future projects,
Structure File Number can be obtained by contacting Ms. Kathy J.
Keller, Office of Structural Engineering, Bridge Inventory section
(Phone: 614-752-9973)

Our office recommends that the District approves the Revised Structure
Type Study submission subject to resolution of these comments. Your
concurrence with the above comments submitted in writing constitutes
compliance.

Nothing in these comments is to be construed as authorizing extra work for which additional
compensation may be claimed. If you have reason to believe that these comments require work outside
the limits of your Scope of Services, please contact this office before proceeding.

Should you have any questions concerning our review comments for the above referenced project, please
contact our office.

TIK:JS:ad

John K. Wetzel, ODOT District 9

Lawrence A. Wills, ODOT District 9

Timothy J. Keller, Office of Structural Engineering

Jawdat Siddiqt, Office of Structural Engineering

Richard A. Bruce, Office of Roadway Engineering Services
file
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CH2MIHILL

DESIGNER RESPONSE TO REVIEW COMMENTS

BY: SKT DATE: 04/26/07

Bridge SCI-823-1593: Ramp B over Fairground Road

PROJECT: SCI-823-10.13: Portsmouth Bypass

PROJ. NO: 319861.08.03

REVIEWER:

OQDOT OSE - Ananda Dharma, P.E.

PHASE: Tvpe Studv

Reference
Page/Sheet No.

Review Comment

Designer Response

ODOT Comments
General We agree that the proposed structure Will comply.
should consist of single span composite
prestressed concrete I-beams with
reinforced concrete deck and semi-integral
abutments supported on MSE walls. Also,
see the next comment regarding the use of
MSE walls.
ys . ., |will ly. Per the Wall Type Stud
General The determination of the most suitable soil  |,5~ ;;I;‘PP);t " reI:I i r:av aa & geﬁ; 5k f i1
improvement alternative for the proposed 23 2007, ODOT OSE belige;es that M%E
MSE walls is contingent 1.1p0n .app roval of walls at the Fairground Road location can
the Wall Type Study, which will be N .
; ' be built in two stages without any
submitted in a separate IOC by Peter | I 1i
Narsavage. Ploase inc ok surcharging or ground improvement.
savage. Please incorporate Mr.
Narsavage's comments prior to proceeding
with Preliminary Design.
Site Plan Even though the reinforced concrete deck  |Will comply.
(1/3) slab will be curved, the prestressed concrete

[-beams will be placed parallel. Please make
sure the 2" Preformed Expansion Joint Filler
separating the concrete superstructure from
the wingwalls will be placed parallel to the
prestressed concrete I-beams. Refer to
Standard Bridge Drawing No. SICD-1-96.
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EHIZMNILL

DESIGNER RESPONSE TO REVIEW COMMENTS

BY: SKT DATE: 04/26/07

Bridge SCI-823-1593: Ramp B over Fairground Road|

PROJECT: SCI-823-10.13: Portsmouth Bypass PROJ. NO: 319861.08.03
REVIEWER: ODOT OSE - Ananda Dharma, P.E. PHASE: Tvpe Study
Transverse Please reduce the deck overhang as much as|Will comply. 54" prestressed concrete I-
Section possible. We would like to encourage the  |beams were used for all three structures
(2/3) Design Consultant to attend a seminar on  |along Fairground Road. However, with

State of Practice for Highly Skewed Bridges,
which will be held on April 24, 2007 at
ODOT Central Office Auditorium,.
Additional information for the seminar and
how to register can be found from the Office
of Structural Engineering’s website at the
following website address:

http:/ / www.dot.state.oh.us/se/skew.htm.
The Design Consultant will find the seminar
to be very informative, because not only
will it discuss the design/construction of
skewed bridges, but also problems
associated with the construction of deck
overhang.

span lengths ranging from 98'-10" at
Ramp B to 106’-10” at Ramp C, this may
require a highly reinforced design.
During Preliminary Design Report
development, we will investigate the use
of deeper prestressed concrete I-beams at
the SR-823 over Fairground Road and the
Ramp C over Fairground Road bridges,
because overhang dimensions will not be
an issue and deck geometry will permit a
wider top flange. For the Ramp B over
Fairground Road bridge, the curved
reinforced concrete deck geometry will
not allow for a wider top flange, while
controlling the overhang dimensions to
acceptable values. During Preliminary
Design Report development, we will

investigate if 4-54” prestressed concrete [- |

beams will work, and if not, we will add
an additional beam line.

i
|
|
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DESIGNER RESPONSE TO REVIEW COMMENTS

SHZRFIHILL BY: SKT DATE: 04/26/07
Bridge SCI-823-1593: Ramp B over Fairground Road]
PROJECT: SCI-823-10.13: Portsmouth Bypass PROJ. NO: 319861.08.03
REVIEWER: ODOT OSE - Ananda Dharma, P.E. PHASE: Type Studv
Site Plan |5, We could not verity the 30"-0" proposed See attached documentation pertaining to
(1/3) horizontal clearance after referring to design/posted speed and design year

ODOT’s L&D Manual, Volume 1, Fig. 600-1.
Please make sure that approval of
horizontal clearance is obtained from
ODOT - Office of Roadway Engineering
Services prior to proceeding.

ADT along Fairground Road to justify the
required 30-0” clear zone distance to the
MSE walls. Since the PAVR submittal,
CH2M HILL has had discussions with the
Scioto County Engineer's Office. The
county stated that Fairground Road will
be improved to 2-12' lanes and that the
speed limit is 55 mph. With a design
speed of 60 mph and an ADT greater than
3000 vpd, Fig 600-1E recommmends a clear
zone distance of 30'-0” when the ditch
foreslope varies between 6:1 to 4:1. Due to
additional culverts being added along
Fairground Road, new ditches are being
designed with foreslopes varying from 6:1
to 4:1; the steeper than 6:1 foreslope also
provides the avoidance of utilities, while
also using existing drainage structures.
Providing lateral bridge clearance equal to
the clear zone provides a safer roadway
and allows for future improvements.
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CH2MIHILL

DESIGNER RESPONSE TO REVIEW COMMENTS

BY: SKT DATE: 04/26/07

Bridge SCI-823-1593: Ramp B over Fairground Road

PROJECT: SCI-823-10.13: Portsmouth Bypass

PROJ. NO: 319861.08.03

REVIEWER: ODOT OSE - Ananda Dharma, P.E. PHASE: T'vpe Studv
Transverse [6. The superelevation rate at the proposed The design speed of the northbound
Section Ramp B is 7%, which corresponds to 35 U.S.R. 23 at the proposed location is
(2/3) mph Design Speed. What is the Design currently 40 mph. Attached is an email
Speed of the northbound U.S.R. 23 at the from ODOT District 9 approving our
proposed location? The proposed Ramp B |geometric design of the interchange. Also
will carry traffic exiting northbound US.R. [attached is the Technical Memorandum
23 onto eastbound S.R. 823. Ramp B would [explaining our geometric design of the
preferably be designed with the same interchange, which ODOT District 9 was
design speed as northbound U.S.R. 23. provided.
However, our office cannot comment on the
alignment and profile grade, because the
geometric review of the proposed alignment
will need to be reviewed by the ODOT -
Office of Roadway Engineering Services.
Please make sure to obtain an approval
from the ODOT - Office of Roadway
Engineering Services prior to proceeding
with the next design stage.
General |7. Include the Structure File Number in the Wiil comply.

Title Block. The Structure File Number for
this bridge is 7306717. For future projects,
the Structure File Number can be obtained
by contacting Ms. Kathy J. Keller, Office of
Structural Engineering, Bridge Inventory
Section (Ph. 614-752-9973).
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Thompson, Shawn/COL

From: mdweeks@transystems.com

Sent:  Thursday, September 01, 2005 4:19 PM
To: Thompson, Shawn/COL

Cc: Milter, Robert/COL

Subject: FW: SCI-823 Fairground Road

Shawn,
See the information from Dave Norris concerning Fairground Rd (CR55). You will need to take this info into
account when determining the required horizontal clearances to your overhead bridge substructures.

Michael D. Weeks, PE. PS

TranSystems Corporation

5747 Perimeter Drive, Suite 240

Dublin, OH 43017

Ph: (614) 336-8480 Fax: (614) 336-8540

From: David Norris [mailto:David.Norris@dot.state.oh.us]
Sent: Thursday, September 01, 2005 4:08 PM

To: CO-Michael Weeks

Subject: SCI-823 Fairground Road

Mike,

| spoke with Clyde Willis, Scioto County Engineer today.

He said he has no plans to widen CR 55 in the future, but he thought it would be a good idea to allow for 24"
pavement. There's not much traffic, except for the fair, and for the swap days, and other events.

He said the speed limit is 55 mph.

| found the Functional Classification to be Minor Collector, per CO Planning

http://iwww dot state.oh.us/planning/Functional%20Class/2004FuncClass/District09/Scioto.pdf

Clyde also said the speed limit on CR-28 (Lucasville-Minford) is 56 mph where we cross.

David A. Norris, PE

ODOT District 9 DDD Engineering Assistant
PO Box 467 Chillicothe, OH 45601

Toll Free: (888) 819-8501

Direct Phone: (740)-774-9061

57272007



RECORD OF TELEPHONE CONVERSATION

Date: June 7, 2006 Job No. | 403030064

Time: 11:45 a.m. Project: SCI-823-0.00

Contact: Rita Thoroughman Subject: Sideroad Traffic Counts
Phone No.: | 740-259-5541 By: Mike Weeks

Summary of Conversation:

| talked with Rita Thoroughman, Office Manager at the Scioto County Engineer's Office
maintenance garage, about the ADTs for the sideroads. She provided me with the following:

Swauger Valley-Minford (CR 31) — north of Shumway = 1,041

Blue Run Rd (CR 29) - north of Flowers-Ison Rd = 937

Morris Lane-Blue Run (CR 54) west of Twp. Rd. 182 = 251

Flatwood-Fallen Timbers (CR 184) south of Blue Run (TR 182) = 768

Fairground Rd. (CR 55) north of Thomas Hollow Rd (TR 158) = 3,056

Highland Bend Rd (TR 248) at Portsmouth Corp. Limit (Slocum Ave. in Portsmouth) = 1,897
Nothing for Pershing Ave. since in Portsmouth (does not think Portsmouth will have any counts)

¢ \Documents and Sestogssthomps 13y Documens: MaihOL Temyp Adachments:Phone memo Suiote County wraltic counts &7-06 doc



TECHNICAL MEMORANDUM CH2NWVIHILL

Ramp Design Speeds (Design/Cost Evaluation)
US-23 Interchange
Portsmouth Bypass (SCI-823-0.00)

PREPARED FOR: Mike Weeks/ TranSystems Corporation
PREPARED BY: Ram Nunna/CH2M HILL
Andy Wolpert/CH2M HILL
DATE: June 21, 2005
RE: Ramp Design Speeds
Introduction

This technical memorandum discusses the design speeds for the ramps associated with the
proposed US 23/5R 823 interchange (See Exhibit 1 for plan view). As a follow-up of an
earlier technical memo (dated May 7, 2005) this memo specifically addresses the design and
cost issues arising out of the TranSystems review of the May 7, 2005 technical memo. The
design team offers this memo as a means of considering design options and selecting an
appropriate, cost effective solution for ramp alignments and structure/roadway widths.

The speeds discussed in this memo pertain to the sharpest curve on the ramp proper.
Figure 503-1, L&D Volume 1, shows the range of ramp design speeds that can be used based
on the mainline design speeds. ODOT recommends a design speed in the lower range for
loop ramps, and a design speed in the middle to upper range for directional ramps. After
evaluating the horizontal and vertical constraints for the ramp design, the design team has
established per project design criteria a design speed of 35 mph for Ramps A and D, and a
design speed of 40 mph for Ramp B and 45 mph for Ramp C. The design speed controls the
three dimensional geometry of the ramp (Horizontal curvature, vertical curvature and
stopping sight distance).

Overview of Design Trade-offs

The current typical section design for the ramps is consistent with ODOT L&D Volume 1;
Fig. 303-1 design requirements for 1-lane directional ramps. However, the standard typical
section does not provide full horizontal stopping sight distance (HSSD) requirements for the
selected design speeds on ramps A, B and C. due to the restricted line of sight by the
roadway features like bridge parapet, median barrier and retaining walls. The proposed
vertical alignments for the ramps meet or exceed ODOT’s stopping sight distance (SSD)
requirement for the established design speed

We note that, according to L&D, Volume 1, Section 105.1, design exceptions for design
speed related items are not required for ramps, since ramps do not have continuous design
speeds throughout their entire length. Even without the need of the design exception

COL\TRANSYSTEME\319861/TM - RAMP CESIGM SPEEDS 6-21-05.00C 1
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RAMP DESIGN SPEEDS (DESIGRCOST EVALUATION; US-23 INTERCHAMGE PORTEMOUTH BYZASS
(5C1-823-0.00)

request, we believe it is appropriate to fully address the design issues and trade-offs, and to
document the decision regarding the design speeds and the structure widths.

There are cost implications associated with designing the structures and roadway to provide
the required SSD for established design speed. In addition, there may be potential
operational and safety implications if the structures and roadway is designed with less than
minimum SSD.

This memo outlines the available options and is intended for use in decision making and
documentation of the design speeds and structure widths.

Other Considerations

Safety, traffic operations, and maintenance are all important considerations when reviewing
SSD issues. Safety research suggests that nominal deficiencies in SSD do not usually
produce measurable reduction in safety. NCHRP Report 400 confirms that only severe
restrictions in SSD lead to measurable reduction in safety. Research by Neuman and
Glennon {“Cost Effectiveness of Improvements to Stopping Sight Distance”, Transportation
Research Record 923) notes that improving geometrics to full SSD requirements are often
not cost effective, except where the restriction is severe and the traffic volumes are high,
The research also notes that the 55D within 5 to 10 mph of the design speed may be
adequate and cost effective, particularly when the cost implications of providing full SSD
are significant. Finally the length of the highway over which the restriction in 55D exists is
important factor in understanding and gauging the severity of the restriction.

Ramp A (Southbound US 23 to Southbound SR 823)

Ramp A carries a moderate traffic volume of (9400 ADT, 2030 design year from
southbound US 23 to southbound SR 823 on a horizontal alignment with 35 mph
design speed. The proposed vertical alignment meets ODOT’s SSD requirements for
35 mph. Ramp A is separated from loop Ramp D by a concrete median barrier (See
Exhibit 1 for plan view),

Horizontal alignment for directional Ramp A adjacent to Ramp D is a circular curve
with a length of 764.0 feet and degree of curvature 14°31". The curve is curving left
in the direction of travel. With the standard typical section design, the proposed
concrete median barrier separating Ramp A and Ramp D traffic limits the line of
sight and the available HSSD required for the 35 mph design speed. The length of
HSSD restriction is approximately 700 feet. For analysis purposes following options
were considered.

Option 1 Design the ramp for the normal cross section of a 1-lane directional
ramp (6" median shoulder, 6 right shoulder) and accept the resultant
SSD provided by those dimensions.

Option 2 Design the ramp for the full SSD for 35 mph (12" median shoulder, 6’
right shoulder).

COLITRANSYSTEMS\319361/TM - RAMP DESIGN SPEEDS 5-21-05.00C 2
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RAMP DEBIGN SPEEDS (DESIGNICOST EVALUATION) LS-23 INTERCHANGE PORTSMOUTH BYEASS

Evaluation and Recommendation

Table 1 compares the HSSD, shoulder widths, and corresponding costs associated
with all the options.  Option 1 would offer the lower construction cost and
minimizes the impacts to the wetland area. However, Option 1 does not provide
HSSD per ODOT criteria for 35 mph; it meets the criteria for 30 mph. Option 2 meets
the HSSD requirement for 35 mph but at the expense of additional cost for shoulder
pavement/earthwork and additional impacts to the wetlands. The 12 median
shoulder width would add approximately $35,000 in additional costs for
pavement/earthwork and $20,000 for wetland mitigation (onsite or offsite).

It is also important to consider the length of highway over which the sight restriction
occurs. The actual length of sight restriction is 700 feet along the horizontal curve
adjacent to Ramp D alignment. The approximate travel time along the 700 feet sight
distance restricion would be 13.6 seconds (at 35 mph) which is about 54 times
above the driver reaction time (2.5 seconds) used to calculate the SSD.

Based on the length of HSSD restriction (700 feet), the increased shoulder width
would improve the available HSSD with associated operational and safety benefits.
The operational and safety benefits would offset the nominal additional cost
($55,000) associated with the increased shoulder width.

Based on construction cost of the pavement/earthwork, cost of additional wetland
mitigation, length of HSSD restriction, assessment of safety and operational impacts,
the design team recommends Option 2 be considered for Ramp A.

Ramp B (Northbound US 23 to Southbound SR 823)

Ramp B is a directional ramp, carries moderate traffic (3600 ADT, 2030 design year)
from northbound US 23 to southbound SR 823 on a horizontal alignment with 40
mph design speed (See Exhibit 1 for plan view). The proposed vertical alignment
meets ODOT’s SSD requirement for 40 mph design speed.

Horizontal alignment for directional Ramp B is a circular curve with a length of
913.37 feet and a degree of curvature 11°15°. The curve is curving right in the
direction of travel. With standard typical section design, the proposed parapet over
the retaining wall and the bridge parapets over the Norfolk Southern Railroad and
Fairgrounds road, along the right edge of shoulder, limits the line of sight and the
available HSSD required for 40 mph design speed. The length of HSSD restriction is
approximately 900 feet. The provision of a flatter curvature was not considered as
an option, due to severe bridge skew over the Norfolk Southern Railroad and
Fairgrounds road bridges. For analysis following options were considered.

Option 1 Design the structure for the normal cross section of a 1-lane
directional ramp (6" left shoulder, 8 right shoulder) and accept the
resultant HSSD.

Option 2 Design the structure for the full SSD for 40 mph (6” left shoulder, 15
right shoulder).

COLTRANSYSTEMS319851/TM - RAMP DESIGN SPEEDS 6-21-05.00C 3
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RAMP DESIGN SPEEDS (DESIGN'COST EVALUATIONG HUS-TYINTERCHANGE PORTSMOUTH BYPASS
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Option 3 Design the structure for the same total width as Option 1, but shift 2
of the bridge width normally provided on the left shoulder to the
right shoulder (4 left shoulder, 10° right shoulder); therefore,
increasing the available SSD without increasing total structure width.

Option 4 Design the structure for a 12' right shoulder width and accept the
resultant FISSD.

Evaluation and Recommendation

Table 2 compares the HSSD, shoulder widths, and corresponding bridge costs
associated with all the options. Option 1 and Option 3 would offer the lowest
construction cost; however both the options do not provide adequate HSSD required
for 40 mph design speed. Option 3 would improve the HSSD stightly over Option 1,
but at the expense of a left shoulder dimension less than is normally provide.
Option 2 meets the full SSD requirement for 40 mph, but at the cost of a wider bridge
deck. The 15 right shoulder width would add approximately $270,000 and $120,000
to the structure costs over Norfolk Southern Railroad and Fairgrounds road. Option
4 represents an operational compromise, providing some additional stopping sight
with additional cost of $150,000 and $60,000 to the structures over Norfolk Southem
Railroad and Fairgrounds road.

Options 1 and 3 represent the lowest construction cost alternatives. Of course, the
trade off is that both the options do not provide HSSD required for 40 mph design
speed and Option 3 has substandard left shoulder. Option 2 provides the required
HSSD for 40 mph however at the expense of additional costs and some safety
concerns due to the 15 feet wide shoulder (the wide shoulder may encourage unsafe
maneuvers). Option 4 improves HSSD nominally over options 1 and 3 for high
additional cost and still does not provide the required HSSD for 40 mph design
speed. A nominal 5 mph increase in design speed is associated with a huge increase
in structure costs. This additional cost would not be expected to produce
quantifiable safety or operational benefits.

The reduction in design speed is within 5 mph for all the options and is within the
upper and lower range of the ramp design speed as per L&D, Volume 1, Section 500,
figure 503-1. According to the L&D, Volume 1, Section 105, design exceptions for
speed related items are not required for ramps, since ramps do not have continuous
design speeds throughout their entire length. Accordingly the reduction in design
speed for Options 1, 3 and 4 on Ramp A does not require a design exception. Of all
the options, Option 1 minimizes the bridge width and has the lowest construction
cost and the typical section is consistent with the ODOT criteria. Based on the profile
design for Ramp B the vertical upgrade of 58% (6% maximum) is not conducive to
higher (greater than 40 mph) design speeds

It is also important to consider the length of highway over which the sight restriction
occurs. The actual length of sight restriction is 900 feet along the horizontal curve.
The approximate travel time along the 900 feet sight distance restriction would be
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RAMP DESIGN SPEEDS (DESIGNCOST EVALUATION) US-23 INTERCHANGE PORTSMOUTH BYPASS
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15.3 seconds (at 40 mph) which is about 6 times above the driver reaction time (2.5
seconds) used to calculate the SSD.

Based on the length of HISSD restriction (900 feet), any increase in normal (8 feet)
shoulder width would improve the available SSD. However the increase in shoulder
width to 15 feet to attain adequate HSSD for 40 mph is associated with additional
increase in structural costs. The additional costs would not be expected to produce
quantifiable safety or operational benefits.

Based on construction costs, length of HSSD restriction, assessment of safety and
operational impacts, design team recommends that option 1 be considered for Ramp
B.

Ramp C (Northbound SR 823 to Northbound US 23)

Ramp C is also a directional ramp carries, moderate traffic (9400 ADT, 2030 design
year) from northbound SR 823 to northbound US23 on a horizontal alignment with
45 mph design speed (See Exhibit 1 for plan view). The proposed vertical alignment
meets ODOT’s SSD requirements for 45 mph design speed.

The horizontal alignment for directional Ramp C is a circular curve with a length of
744.85 feet and a degree of curvature of 7%45’. The curve is curving right in the
direction of travel. With standard typical section design, the proposed bridge
parapets over the Norfolk Southern Railroad and the parapets over the retaining
walls, along the right edge of shoulder, limits the line of sight and the available
HSSD required for 45 mph design speed. The length of HSSD restriction is
approximately 600 feet. The provision of a flatter curvature was not considered as
an option, due to severe bridge skew over the Norfolk Southern Railroad and
Fairgrounds road bridges. For analysis following options were considered.

Option 1 Design the structure for the normal cross section of a 1-lane
directional ramp (6 left shoulder, 8" right shoulder) and accept the
resultant HSSD.

Option 2 Design the structure for the full SSD for 45 mph (6" left shoulder, 14’

right shoulder).

Option 3 Design the structure for the same total width as Option 1, but shift 2°
of the bridge width normally provided on the left shoulder to the
right shoulder (4° left shoulder, 10" right shoulder); therefore,
increasing the available SSD without increasing total structure width.

Table 3 compares the HSSD, shoulder widths and corresponding bridge costs
associated with all the options. Option 1 and Option 3 would offer the lowest
construction cost; however both the options do not provide adequate HSSD required
for 45 mph design speed. Option 3 would improve the HSSD slightly over option 1,
but at the expense of substandard left shoulder. Option 2 meets the full HSSD
requirement far 45 mph, but at accost of wider bridge deck. The 14 feet right
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shoulder width would add approximately add $180,000 to the structure cost over
Norfolk Southern Railroad.

Options 1 and 3 represent the lowest construction cost alternatives. Of course, the
trade off is that both the options do not provide HSSD for 45 mph design speed and
Option 3 has substandard shoulder. Option 2 provides the required HSSD for 45
mph at the expense of high additional bridge costs and some safety concerns due to
the 14 feet wide shoulder. For a nominal 5 mph increase in design speed is
associated with a high increase in structure costs. This additional cost would not be
expected to produce quantifiable safety or operational benefits.

The reduction in design speed for Options 1 and 3, as compared to Option 2, is
within 5 mph and in turn it is within the upper and lower ranges of the ramp design
speed as per L&D, Volume 1, Section 500, figure 503-1. According to the L&D,
Volume 1, Section 105, design exceptions for speed related items are not required for
ramps, since ramps do not have continuous design speeds throughout their entire
length. Accordingly the reduction in design speed for options 1 and 3 on Ramp A
does not require a design exception. Of all the options, option 1 minimizes the
bridge width and has the lowest construction cost and the typical section is
consistent with the ODOT criteria.

It is also important to consider the length of highway over which the sight restriction
occurs. The actual length of sight restriction is 600 feet along the horizontal curve.
The approximate travel time along the 600 feet sight distance restriction would be 9.1
seconds (at 45 mph) which is about 3.6 times above the driver reaction time (2.5
seconds) used to calculate the S5D.

Based on the length of HSSD restriction (600 feet), any increase in normal (8 feet)
shoulder width would improve the available SSD. However, the increase in
shoulder width to 14 feet to attain adequate HSSD for 45 mph is associated with
additional increase in structural costs. The additional costs would not be expected to
produce quantifiable safety or operational benefits.

Based on construction costs, length of HSSD restriction, assessment of safety and
operational impacts and profile design constraints, design team recommends that
option 1 be considered for Ramp C.

Ramp D (Northbound SR 823 to Southbound US 23)

Ramp D is a loop ramp, carries moderate traffic volumes (3600, 2030 ADT) from
northbound SR 823 to southbound US 23 on a horizontal alignment with 35 mph
design speed. The proposed alignment uses the minimum allowable radius for 35
mph and does not cause any geometric or sight distance issues. Right-of-way and
wetland impacts are minimized by this design.

Design team recommends that the current design, which utilizes the normal cross
section as per L&D Volume 1, Fig. 303-1, be utilized.
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PAMP DESIGN SPEEDS [DESIGNCOST EVALUATION) US-23 INTERCHANGE PORTSMOUTH BYPASS
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Conclusions
Based on the analysis and evaluation following are the recommendations:

RAMP A - 6 feet right shoulder, 16 feet lane and 12 feet median shoulder adjacent to
Ramp D segment, resultant design speed is 35 mph

RAMP B- 8 right shoulder, 16 feet lane and 6" left shoulder on Norfolk Southern
Railroad and Fairgrounds road bridges, resultant design speed is 35 mph

RAMP C - 8 right shoulder, 16 feet lane and & left shoulder on Norfolk Southern
Railroad bridge - resultant design speed is 40 mph.

COLITRANSYSTEMSG12861/TM - RAMP DESIGN SPEEDS 6-21-05.D0C 7
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Wolpert, Andy/COL

From: eks@iransysiems.com
Sent: Tuesday, June 08, 2006 3.30 PM
To: Miller, Robert/COL

Cc: Wolpert, Andy/COL; Thompson, Shawn/COL, jgbrown@transystems.com;
munna@iransystems.com

Subject: US23 Interchange TM approval

Rob.

N-8 agrees with the recommendations in the TM for the US 23 interchange layout (see below) This was already
incorporated in your PAVR design.

Mike,

| have reviewed the report by CH2M, dated June 21, 2005,

Dhstrict 9 concurs with the recommended options for Ramps B & C.

For Ramp A, the 35 mph design speed is preferable, but if the 12’ left shoulder causes significant design, layout
or environmental difficulties, the Option 1 (31 mph design speed) should be acceptable.,

Sorry for not responding mare quickly.

David A. Norris, PE

ODOT District 8 DDD Engineering Assistant
PO Box 467 Chillicothe, OH 45601

Toll Free: (8883 819-8501

Direct Phone: (740)-774-8061

Mike Weeks, P.E,, P.5.
Senior Roadway Engineer
TranSystems

Main 614-336-8480 Ext 32111
Direct 614-932-6449

(06/12/2000
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