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REPORT
OF
SUBSURFACE EXPLORATION
FOR
BRIDGE AND MSE RETAINING WALLS
US 52 RAMP A OVER OHIO RIVER ROAD (TO NORTHBOUND SR 823)
PROJECT SCI-823-0.00 PORTSMOUTH BYPASS (PID 77366)
SCIOTO COUNTY, OHIO

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 US 52 Ramp A of
the Portsmouth bypass project. The findings included in this report pertain to US 52 Ramp A to
northbound SR 823 only. The findings of other structure evaluations for the Portsmouth bypass
project will be submitted in separate documents.

This project consists in part of constructing a bridge for proposed US 52 Ramp A over Ohio
River Road (CR 503). The structure as planned, is a two-span structure using MSE walls to hold
back the roadway embankments and contain the abutments.

The purpose of this exploration was to 1) determine the subsurface conditions to the depths of
the borings, 2) evaluate the engineering characteristics of the subsurface materials, and 3)
provide information to assist in the design of the structure foundations, 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

Based upon the structure site plan, which is presented in Appendix I, it is assumed that the
maximum height of the embankment/MSE wall at the rear and forward abutments will be
approximately 27.9 and 34.1 feet, respectively. These heights are based upon the maximum
difference between the proposed grade of US 52 Ramp A and the existing grade as per the
revised profile for Ramp A, received May 15, 2007. In addition, it is understood that the MSE
walls will be placed at approximate stations 39+17 and 41+50 for the rear and forward
abutments, respectively.

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 six structure borings for the proposed bridge
and MSE walls. Borings B-33 through B-36 were drilled for the currently proposed structure, as
indicated on the structure site plan. These borings were drilled between January 26 and February
1, 2007. Borings TR-62 and TR-76 were drilled for a previous design configuration. These
borings were drilled between March 18 and 30, 2005. The bedrock encountered in boring TR-
66, drilled for Ramp B, was also considered in the analyses of the drilled shaft foundations. 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 representatives of DLZ. The
surveyed locations and ground surface elevations of the borings were determined by
representatives of Lockwood, Lanier, Mathias & Noland, Inc. (2LMN). The surveyed locations
of the borings are reflected on the structure site plan presented in Appendix 1.

4.0 FINDINGS
4.1 Geology of the Site

The area of this structure is characterized by gently to steeply sloping topography rising
from of the floodplain of the Ohio 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. Below approximately elevation 700, the soils on the hillsides are generally
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. Bedrock within the structure area is primarily sandstone of the Logan
Formation of Mississippian age. Bedrock of the Pennsylvanian Breathitt Formation can
be found at the top of the slopes to typically above approximately elevation 770.



4.2 Subsurface Conditions

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

4.2.1 Soil Conditions

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

Borings B-33 and B-36 were drilled for the rear and forward abutments,
respectively, of the approved structure configuration. Similarly, borings B-34 and
B-35 were drilled for the pier of the currently proposed structure. Boring TR-76
was also considered in the evaluation of the rear abutment location, while boring
TR-62 was considered in the evaluation of the forward abutment location.

All borings, except boring TR-62, encountered 2 to 5 inches of topsoil underlain
by natural soils. Boring TR-62 encountered 3 inches of aggregate base at the
ground surface. Borings B-33, B-34, TR-62, and TR-76 encountered natural
cohesive soil deposits below the surface material, while borings B-35 and B-36
encountered natural granular soil deposits. The natural cohesive deposits
consisted of hard Silt and Clay (A-6a), stiff to hard Sandy Silt (A-4a), and very
stiff Silt (A-4b) , while the granular soil deposits consisted mainly of medium
dense to very dense Sandy Silt (A-4a), and very dense Gravel with Sand and Silt
(A-2-4). The native soil deposits extended to depths ranging between

approximately 3.0 and 13.0 feet below the ground surface, where bedrock was
encountered.

4.2.2 Bedrock Conditions

In the area of the proposed structure, bedrock was encountered in all borings. The
bedrock consisted of soft to hard, slightly to highly weathered, argillaceous
sandstone.  Severely weathered, argillaceous sandstone was encountered in
borings B-33, B-34, B-35, and TR-62 above the competent sandstone. The
amount of rock recovered in each core run varied between 92 and 100 percent.
The rock quality designation (RQD) of the bedrock ranged between 60 and 86
percent with an average of 73 percent indicating “fair” to “good” rock.

Unconfined compressive strength of tested rock cores ranged between 5,450 and
11,036 pounds per square inch (psi). The tested rock cores were obtained at
depths between 9.3 feet and 21.3 feet below the ground surface. A summary of
the unconfined compressive strength of the tested cores is shown in Table 1.
Anticipating the possibility that the foundations will need to be designed for



lateral loading, the elastic modulus of selected cores was also measured. The
results of these tests are presented in Appendix IIL.

Table 1-Rock Core Test Results

; Unit Weight Unconfined Compressive

Boring Depth (ft) (pch) g Strength (p si)

B-33 20.8-21.3 149.7 9,284

B-34 20.1-20.7 155.4 5,450

B-35 8.4-8.9 157.2 10,892

B-36 9.6-10.0 158.3 9,260

TR-62 9.3-9.7 154.4 10,794

TR-76 19.6-20.0 140.2 11,036

4.2.3 Groundwater Conditions

Seepage was not observed in any of the borings drilled for this structure. There
were no measurable water levels in the borings prior to rock coring. Measurable
water levels were present in all borings upon the completion of coring between
approximate depths of 1.2 and 10.5 feet. Final water levels include water that was
used during rock coring operations. Consequently, any seepage zones that might
exist in the rock were masked.

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

5.0 CONCLUSIONS AND RECOMMENDATIONS

It is understood through comments from ODOT’s Office of Structural Engineering (OSE) that
driven steel H-piles were preferred for supporting the abutments. Prebored CIP piles and drilled
shafts could also be considered for the support of the abutments. Spread footings, prebored CIP
piles, driven piles and drilled shafts could be considered for supporting the pier. Additionally, it
is understood that MSE walls will be used to contain the abutments and hold back the roadway
embankment. Recommendations for the piles, drilled shafts, spread footings, and MSE walls are
presented in the following sections.

8.1 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, it was assumed that deep
foundations would be used for the stability analyses and settlement calculations for the
proposed MSE walls.



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.

A global stability analysis and bearing capacity analysis were performed for the
MSE walls at this bridge location in accordance with ODOT and AASHTO
guidelines. The MSE walls were also analyzed for sliding and overturning.

Calculations for bearing capacity, sliding, and overturning as well as the results of
the global stability and settlement analyses are presented in Appendix IV. 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. The parameters required
to perform the stability analyses are presented in Table 2. 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
(pef) ¢ o ¢' o'
Reinforced Fill Campagied 120 0 | 34 | o | 34
Granular Fill
; g Compacted
Retained Soil Eiibsilriiat Fill 120 0 30 0 30
Foundation Soil :
(Rear Abutment) Sar?fi]ffstﬁ t}gfia) 120 | 1750 | 0 0 29
(Boring B-33) Y
Foundation Soil Compacted
(Assumes Undercut) s 120 0 34 0 34+
; Granular Fill
Bearing on Bedrock

*Sliding analyses for MSE walls on compacted granular fill bearing on Rock use ¢’=34°, otherwise use
friction angle for compacted granular fill or existing soil below undercut, whichever is less.

5.1.2 MSE Wall Evaluations and Recommendations — Rear Abutment

The rear abutment was considered more critical at this structure due to the 11.0-
foot thick soil layer at this location. In contrast, competent bedrock was
encountered within 3.0 feet of the existing ground surface at the forward
abutment.



An embankment height of 27.9 feet, as shown on the structure site plan, was
assumed for the analyses of the rear abutment MSE wall. Including the additional
embedment depth to the top of the leveling pad, a total wall height of 30.9 feet
was assumed for the analyses. Additionally, the soil profile and properties
encountered by boring B-33 were assumed the analyses of the rear abutment MSE
wall.

Boring B-33 encountered stiff Sandy Silt (A-4a) to an approximate depth of 8.0
feet below the ground surface. Below this layer, very dense Gravel with Sand and
Silt (A-2-4), and severely weathered sandstone was encountered to an
approximate depth of 14.5 feet below the ground surface, at the top of cored
bedrock.

Initially, analyses were undertaken to ascertain the global stability, bearing
capacity and stability (sliding and overturning) of the MSE walls bearing on the
existing soils. The results of the analyses indicated that the factors of safety for
global stability, sliding, overturning, and drained bearing capacity were adequate.
However, bearing capacity calculations indicated that the factor of safety for the
undrained bearing capacity is 2.3, which is less than the recommended minimum
value of 2.5.

Additional analyses indicated that an adequate factor of safety can be achieved if
seme-af-the some of the existing foundation soils are removed and replaced with
compacted granular fill. Consequently, it is recommended that the existing
foundations soils be overexcavated to an approximate depth of 4.3 feet below the
bottom of the proposed leveling pad, corresponding to an approximate elevation
of 550.4 (based on boring B-33). The compacted granular fill below the leveling
pad should conform to ODOT Supplemental Specification 840. The limits of the
“remove and replace” area should extend beyond the edge of the MSE wall/select
granular footprint by a distance equal to the depth of the aggregate base.

For stability, sliding calculations have indicated that a minimum reinforcement

length of 0.7 times the full height (H+D) or 21.6 feet is required for stability of
the proposed MSE wall at the rear abutment location.

The total maximum settlement (without overexcavation) at the face of the
proposed rear abutment MSE wall was estimated to be approximately 4 inches at
the centerline of the ramp. 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 0.7 percent, which is slightly 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). The settlement calculations assumed no
overexcavation within the MSE wall footprint area. However, overexcavation is
recommended to increase the bearing capacity of the MSE foundation soils.



Therefore, if the recommended overexcavation is preformed, the anticipated
settlement of the proposed MSE wall at the rear abutment is assumed to be
negligible.

If overexcavation of the soft / compressible soils at the rear abutment is
performed as recommended, it will not be necessary to monitor the settlement of
the proposed embankments as previously thought.

Table 3 presents the MSE retaining wall parameters and results of analyses at the
rear abutment. ‘

Table 3 - MSE Retaining Wall Parameters and Analyses Results
(Rear Abutment) Undercut with Compacted Granular Fill Foundation
Retained Soil (New Embankment)
Unit Weight = 120 pcf
Coefficient of Active Earth Pressure (K,) = 0.00*
(Based on @'=30°)
Sliding along base of MSE wall
Sliding Coefficient (£¢)(0.67) = tan 30°(0.67) = 0.39*%*
Allowable Bearing Capacity — Undrained Condition (Without overexcavation)
Gan = 3,667 psf
Allowable Bearing Capacity — Drained Condition (With overexcavation)
Qan = 6,853 psf
Global Stability (Without Overexcavation)
Factor of Safety — Undrained Condition = 2.0
Factor of Safety — Drained Condition = 1.7
Factor of Safety — Drained Seismic Condition= 1.6
Estimated Settlement of MSE volume
Maximum Total Settlement = 4.0 inches (Without Overexcavation)
Differential Settlement = 0.7% (maximum allowable is 1.0% ODOT BDM 204.6.2.1)
Maximum Total Settlement (With Overexcavation) - Negligible
Full Height of MSE Wall = 30.9 feet (including embedment depth)
Minimum Embedment Depth = 3.0 feet
Minimum Length of Reinforcement for External Stability, 0.7(H+D) = 21.6 feet
*For external stability Ka=0.0, back to back wall analyses. Ref: FHWA-NHI-00-043
**Sliding analyses for MSE walls on compacted granular fill bearing on Rock use ¢°=34°, otherwise use

friction angle for compacted granular fill or existing soil below undercut, whichever is less. In this case, use
friction angle of soil below undercut, ¢’=30°.

5.1.3 MSE Wall Evaluations and Recommendations — Forward Abutment

An embankment height of 34.1 feet, as shown on the structure site plan, was
assumed for the analyses of the forward abutment MSE wall. Including the
additional embedment depth to the top of the leveling pad, a total wall height of
37.1 feet was assumed for the analyses. Additionally, the soil profile and
properties encountered by boring B-36 were assumed for the analyses of the
forward abutment MSE wall.



5.2

Boring B-36 encountered Sandy Silt (A-4a) to a depth of 3.0 feet below the
ground surface. Below the thin soil layer, slightly weathered sandstone was
encountered to a depth of 13.0 feet below the ground surface, upon termination of
the boring.

Consequently, at the forward abutment, it is recommended that the MSE wall be
constructed on bedrock. It is anticipated that significant variations in the
elevation of the top of rock will be encountered along the leveling pad.
Significant rock excavation may be required on the right side of the forward
abutment to construct the leveling pad and the MSE fill. On the left side of the
forward abutment, where the top of rock may be below the bottom of the leveling
pad elevation, it is recommended that the existing soils be overexcavated to the
top of bedrock and replaced with compacted granular fill to the leveling pad
elevation. If the leveling pad is founded on bedrock, no embedment into the rock
is required. The compacted granular fill below the leveling pad should conform
to ODOT Supplemental Specification 840. The limits of the “remove and
replace” area should extend beyond the edge of the MSE wall/select granular
footprint by a distance equal to the depth of the aggregate base.

A stability (overturning and sliding) analysis was performed for the proposed
MSE wall at the forward abutment location. However, due to the shallow nature
of the existing soils at the forward abutment, global stability and settlement
analyses were not required, and were assumed to be adequate. For compacted
granular fill bearing on bedrock, a friction angle of 34 degrees may be used for
internal stability and sliding calculations.

For stability, sliding calculations have indicated that a minimum reinforcement
length of 0.7 times the full height (H+D) or 26.0 feet is required for stability of
the proposed MSE wall at the forward abutment location.

Bridge Foundation Recommendations

Table 4 summarizes the site conditions and foundation recommendations. It should be
noted that the bedrock surface varies widely across the project area. The approximate
bearing elevations presented in Table 4 indicate the elevations at the boring locations
only. Variations in the elevation at which competent bedrock is encountered should be
anticipated.



SEE BOM 202.2.3.2.a.
STEEL ‘H’ PILES DESIGN LOADS

Table 4-Summary of Foundation Recommendations

Ry Approximate
Ground DR o Allowable
Structural | Structure / 2 Bearing !
: Surface Foundation Type : Bearing
Element Boring : Elevation 2
Elevation (Feet) Capacity
(Feet) ;
HP 12x53-driven 547.4 Y 70 tong
Ab%;irent B.33 558.4 CIP Piles-prebored 537.4* Pile Capacity
Drilled Shafts 537.4* 40 ksf™™
Spread Footings 542.6 40 kst
HP 12x53-driven 544.6 70 tons
Left/B-34 338.6 CIP Piles-prebored 537.6% Pile Capacity””
Pier Drilled Shaft 525.6%*% 40 ksf "
Spread Footings 555.8 40 ksf
BHEH:[B-83 s Drilled Shafts 536.9%* 40 kst
Forward B-36 558.5 CIP Piles 549.4% Pile Capacity
Abutment ) Drilled Shaft 549 .4* 40 kst

* Includes 5-foot socket into competent rock, assumes no significant lateral loads.

** Drilled shaft tip elevation reflects 19-foot rock socket, design based upon lateral loading.
™ Pile capacity should conform to ODOT BDM 202.2.3.2

""" End bearing capacity only, refer to section 5.3 for more information

5.2.1 Rear Abutment

From comments by OSE, which are based on preliminary borings, it is understood
that driven H-piles are preferred to support the abutments of the proposed
structure. However, additional borings drilled for the currently proposed structure
indicate that approximately 11.0 feet of overburden is present at the rear abutment
location.

For MSE wall stability purposes, an overexcavation of the existing foundation
soils is recommended at the rear abutment location. Consequently, if this is
performed, the anticipated settlement will be negligible. As a result, no
appreciable downdrag forces will be applied to the piles.

If driven H-piles are used at the rear abutment, it is anticipated that HP 12x53
piles would be used and they would be driven to refusal at the top of bedrock, at a
depth of approximately 11.0 feet below the existing ground surface. If driven to
refusal, the allowable capacity of the pile can be used. Because the piles will be
driven to, or very near bedrock, it is recommended that reinforced pile points be
used to prevent the piles from being damaged. Piles sleeves should be placed
from the bottom of the leveling pad to the pile cap elevation, through the soil
reinforced zone of the MSE wall. Piles should be driven through the sleeves after
the MSE wall has been constructed up to the pile cap elevation.

As an alternative to driven H-piles, the rear abutment can be supported by cast-in-
place (CIP), reinforced concrete piles. The CIP piles would be placed in prebored



holes 12 inches larger than the diameter of the pile and 5 feet deep into bedrock.
After installing the CIP pile in the prebored hole, grout or cement should be
placed in the void area around the pile in the prebored hole prior to constructing
the embankment (per OSE). Therefore, a pile sleeve may not be required for the
installation of the piles. However, consideration should be given to the use of pile
sleeves to mitigate down drag effects from compaction and to protect the pile
during the embankment construction. The allowable pile capacity, as per ODOT
BDM 202.2.3.2.b, may be utilized in this configuration. Recommended bearing
elevations for the CIP pile foundations are presented in Table 4. Excessive lateral
loading and uplift is not anticipated to be a concern at this site. However, if these
forces are determined to be significant, longer socket lengths may be required.

The contractor should anticipate the need for significant bracing of the prebored
CIP piles to provide stability and ensure proper alignment of the abutment piles.
The contractor should be prepared to perform hand-compaction near the abutment
piles as necessary during the construction of the approach embankment.

Due to the relatively low rigidity of the piles compared to drilled shafts, it is
anticipated that the piles will provide low resistance to lateral forces. Therefore,
the prebored and socketed CIP pile or driven pile foundation systems may not
provide sufficient lateral support if significant lateral loads are present.

As an alternative to pile foundations, drilled shafts could also be considered for
the support of the rear abutment. 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). Recommended bearing elevations for drilled shaft foundations
are presented in Table 4. For additional recommendations on drilled shafts, refer
to Section 5.3.

At this time, it is understood that the use of spread footings may not be feasible at
the abutment locations due to the proposed bridge configuration. Consequently,
recommendations for spread footings at the rear abutment (bearing in MSE fill)
are not presented.

5.2.2 Pier

The currently proposed structure utilizes an integral straddle bent pier. The
proposed bottom of footing / pile cap is assumed to be approximately elevation
552.78, as shown on the structure site plan presented in Appendix I. Due to the
variation in subsurface conditions, recommendations for left and right pier
foundations are presented separately.

Borings drilled for the pier encountered weathered bedrock at approximate
elevations 545.6 and 556.4 for the left and the right substructures, respectively.

10



5.2.2.1 Pier — Left Foundation

Boring B-34 was drilled for the currently proposed left pier foundation.
Boring B-34 encountered approximately 13.0 feet of Silt (A-4b) and
Sandy Silt (A-4a) overlying bedrock. Highly weathered, argillaceous
sandstone was encountered in this boring below the soil to a depth of 19.7
feet, where more competent bedrock was encountered.

At the proposed foundation elevation of 552.78, boring B-34 encountered
very stiff Sandy Silt. This material would provide considerably less
bearing capacity than the underlying bedrock and the footing loads may
induce undesirable settlement. Consequently, it is recommended that
spread footings, founded on rock be considered to support the left pier.
This footing should be founded at or below elevation 542.6, and may be
designed based upon an allowable bearing pressure of 40 ksf (20 tsf).

Consideration should be given to the means and extent of the excavation,
which would be required for the use of spread footings. An excavation
approximately 16.0 feet deep would be required. To avoid the closure of
the adjacent Ohio River Road and disruption of existing utilities,
significant shoring would be required.
95

If the depth of excavation/required for the use of spread footings is
excessive, pile foundationsg/could be considered for the support of the left
pier. Driven HP 12x53,(70ton piles driven to refusal on bedrock could be
considered to support the left pier. It is anticipated that piles could be
driven to a depth of 14 feet, corresponding to an elevation of 544.6 (as per
boring B-34). Depending on the elevation and configuration of the pile
cap, driven piles may be of concern at this location. Typically, seven to
ten feet of pile embedment is desirable for the lateral support of driven
piles.

If sufficient embedment cannot be achieved with driven H-piles piles the
use of prebored CIP piles could also be considered. CIP piles could be
prebored into bedrock to provide lateral support. Recommended bearing
elevations for the CIP pile foundations are presented in Table 4.
Additional recommendations for prebored CIP piles are presented in
Section 5.2.1. At this time, lateral loading and uplift is not anticipated to
be a concern for this type of foundation. However, if these forces are
determined to be significant, longer socket lengths may be required.

Given the column arrangement being utilized for the straddle bent pier, a
single drilled shaft has been considered for the support of the left pier
column. [t is understood that preliminary structural designs utilized a 54-
inch reinforced concrete column to support the proposed bent.
Preliminary lateral and axial service loads have been provided by
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TranSystems for the purposes of preliminary design of the laterally loaded
drilled shaft. Analyses indicate that a 60-inch diameter drilled shaft could
support the 54-inch column and limit deflections at the top of the column
to approximately 0.6 inches. Analyses also indicate that a 19-foot deep
rock socket will be required to resist the lateral loading. Based upon
boring B-34, this corresponds to a bearing elevation of 525.6. The drilled
shafts should be straight (not belled) and may utilize an allowable bearing
pressure of 40 kst (20 tsf). If additional capacity is required, the drilled
shaft may be designed as a friction-type drilled shaft. Recommendations
for the design of friction-type drilled shafts are presented in section 5.3.
The minimum 19-foot deep rock socket is required for stability under
lateral loading. It may be increased if necessary for axial loading capacity.

If the structural configuration or loading changes, DLZ should be notified
so that we may revise our recommendations as required to ensure adequate
geotechnical design of the drilled shaft. Calculations for the preliminary
design of the drilled shatt are presented in Appendix IV.

5.2.2.2  Pier — Right Foundation

Boring B-35 was drilled for the currently proposed right pier foundation.
Boring B-35 encountered only 2.0 feet of Gravel with Sand and Silt (A-2-
4) overlying bedrock. Moderately weathered, argillaceous sandstone was
encountered below the soil to the completion depth of 12.5 feet.

Based upon the conditions encountered in boring B-35, it is recommended
that spread footings, founded on rock be considered to support the right
pier. This footing should be founded at or below elevation 555.7, and may
be designed based upon an allowable bearing pressure of 40 ksf (20 tsf).
It should be noted that competent bedrock was encountered above the
proposed bottom of footing, as indicated on the structure site plan in
Appendix I. Consequently, excavations approximately 2.9 feet into

competent bedrock will be required to construct the footing as shown on
the structure site plan.

Given the column arrangement being utilized for the straddle bent pier, a
single drilled shaft has been considered for the support of the right pier
column. It is understood that preliminary structural designs utilized a 54-
inch reinforced concrete column to support the proposed bent.
Preliminary lateral and axial service loads have been provided by
TranSystems for the purposes of preliminary design of the laterally loaded
drilled shaft. Analyses indicate that a 60-inch drilled shaft could support
the 54-inch column and limit deflections at the top of the column to
approximately 0.5 inches. Analyses also indicate that a 19-foot deep rock
socket will be required to resist the lateral loading. Based upon boring B-
35, this corresponds to a bearing elevation of 536.9. The drilled shafts
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should be straight (not belled) and may utilize an allowable bearing
pressure of 40 kst (20 tsf). If additional capacity is required, the drilled
shaft may be designed as a friction-type drilled shaft. Recommendations
for the design of friction-type drilled shafts are presented in section 5.3.
The minimum 19-foot deep rock socket is required for stability under
lateral loading. It may be increased if necessary for axial loading.

If the structural configuration or loading changes, DLZ should be notified
so that we may revise our recommendations as required to ensure adequate
geotechnical design of the drilled shaft. Calculations for the preliminary
design of the drilled shaft are presented in Appendix IV.

5.2.3 Forward Abutment

Boring B-36, drilled for the currently proposed forward abutment, indicates that
approximately 3.0 feet of overburden is present at forward abutment location.
Below the soil, slightly weathered argillaceous sandstone was encountered to the
completion depth of 13.0 feet.
FwiL.

The@abutment can be supported by cast-in-place (CIP), reinforced concrete
piles. Due to the shallow overburden encountered by the boring, the piles should
be prebored into bedrock to provide lateral support. The CIP piles would be
placed in prebored holes 12 inches larger than the diameter of the pile and 5 feet
deep into bedrock. After installing the CIP pile in the prebored hole, grout or
cement should be placed in the void area around the pile in the prebored hole
prior to constructing the embankment. Therefore, a pile sleeve may not be
required for the installation of the piles. However, consideration should be given
to the use of pile sleeves to mitigate down drag effects from compaction and to
protect the pile during the embankment construction. The allowable pile capacity,
as per ODOT BDM 202.2.3.2.b, may be utilized in this configuration.
Recommended bearing elevations for the CIP pile foundations are presented in
Table 2. Excessive lateral loading and uplift is not anticipated to be a concern at
this site. However, if these forces are determined to be significant, longer socket
lengths may be required.

The contractor should anticipate the need for significant bracing of the prebored
CIP piles to provide stability and ensure proper alignment of the abutment piles.
The contractor should be prepared to perform hand-compaction near the abutment
piles as necessary during the construction of the approach embankment.

Due to the relatively low rigidity of the piles compared to drilled shafts, it is
anticipated that the piles will provide low resistance to lateral forces. Therefore,
the prebored and socketed CIP pile foundation system may not provide sufficient
lateral support if significant lateral loads are present.
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As an alternative to a pile foundation, drilled shafts could also be considered for
the support of the rear abutment. It is recommended that 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). Recommended bearing elevations for drilled shaft foundations
are presented in Table 4. For additional recommendations on drilied shafts, refer
to section 5.3.

At this time, it is understood that the use of spread footings may not be feasible at
the abutment locations due to the proposed bridge configuration. Consequently,
recommendations for spread footings at the forward abutment (bearing in MSE
fill) are not presented.

53 General Drilled Shaft Recommendations

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 reasonable shaft diameter, drilied shafts
should be designed as friction-type shafts. Neglecting the overburden, upper two feet and
bottom length equal to one diameter of the socket, 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 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,

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
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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. Although no significant seepage was encountered by
any of the borings drilled for this project, water could flow into the drilled shaft
excavations at other locations during installation particularly within wet zones that may
be present in the rock. It should be anticipated that materials across the site could vary
considerably and temporary casing will be required during the drilling and concrete
placement to seal out water seepage in the overburden and prevent cave-in. During
simultaneous concrete placement and casing removal operations, sufficient concrete
should be maintained inside the casing to offset the hydrostatic head of any
groundwater. Extreme care must be exercised during concrete placement and removal
of the casing so that soil intrusion is avoided.

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.

5.4 General Earthwork Recommendations

The proposed alignment of US 52 Ramp A over Ohio River Road 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 35 feet, near the proposed forward abutment. In addition, excavations up
to 16 feet deep are anticipated for the foundations.

The proposed MSE wall at the forward abutment is located at the base of an existing rock
cut. Consequently, it is anticipated that significant excavation into bedrock will be
required to accommodate the soil reinforcing straps of the MSE wall. The contractor
should be prepared to excavate hard, durable sandstone by blasting or other appropriate
means. In places where fill is to be placed on bedrock, a level bench should be cut into
the bedrock prior to the placement of fill for stability purposes.

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.

Organic soils were not encountered in any of the borings. However, if organic soils are
encountered, it is recommended that at least the top 3 feet of subgrade soil be removed
prior to the construction of the new embankment. Overexcavation may need to be deeper
if organic soils are encountered at depths greater than three feet.
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The embankments should be constructed in accordance with ODOT Items 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 is 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.

4. All footing excavations should be cut fo 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.

While excavating for the footings, unsuitable soils may be encountered deeper than
indicated by the borings. These unsuitable materials will need to be overexcavated until
suitable bearing material is encountered. Overexcavations should be backfilled with
compacted engineered fill.

5.5 Groundwater Considerations

Water seepage was not encountered in any of the borings and no groundwater was noted
prior to adding drill water. Representative final water levels could not be obtained due to
the use of water during rock coring operations. Foundation construction on top of the
rock is expected to encounter only minor seepage. Excavations or shafts extending below
ground level may encounter more significant seepage through fractured zones in the rock.
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The contractor should be prepared to deal with seepage and water flow that may enter
any excavations.

6.0 CLOSING REMARKS

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

Respectfully submitted,
DLZ OHIO, INC.
WQ : 7&@? DAA

Steven J. Riedy
Geotechnical Engineer

Wm@%% A. Dotamd)

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

sjr
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APPENDIX I

Structure Plan and Profile Drawing - 117x17”
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APPENDIX II

General Information — Drilling Procedures and Logs of Borings
Legend — Boring Log Terminology
Boring Logs — Seven (7) Borings
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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. Inthe 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.

Soilrock 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\Geot\Forms\General Info English.doc
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LEGEND - BORING LOG TERMINOLOGY

Explanation of each column, progressing from left to right
1. Depth {in feet) — refers to distance below the ground surface.
2. Elevation {in feet} — is referenced to mean sea level, unless otherwise noted.

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

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

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

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

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

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

9. Soil Description

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

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

Cohesive Soils — Consistency

Unconfined Blows/Foot

Compression Standard
Term tons/sq.ft. Penetration  Hand Manipulation
Very Soft less than 0.25 below 2 Easily penetrated by fist
Soft 0.25-0.50 2-4 Easily penetrated by thumb
Medium 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 20-4.0 15 - 30 Readily indented by thumb nail
Hard over 4.0 over 30 Indented with difficuity 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 Chio Department of Transportation Classification System. Soil particle size definitions are as follows:

Description Size Description Size

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

Cobbles gty — Fine 0.42 mm to 0.074 mm

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

S:\Dept\GeotechnicahForms\Borings\Legend ODOT English.doc
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11.
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13.

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

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

trace 0to 10%

little 10 to 20%

some 2010 35%

“and" 35 to 50%

Moisture content of cohesionless soils (sands and gravels) is described as follows:
Term Belative Moisture or Appearance

Dry No moisture present

Damp Internal moisture, but none te little surface moisture

Moist Free water on surface

Wet Voids filled with free water

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

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

Rock Hardness and Rock Quality Designation

a.

b.

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.

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.

Gradation — when tests are performed, the percentage of each particle size is listed in the appropriate column (defined in item 9¢).

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

The standard penetration (N) value in blows per foct is indicated graphically.
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APPENDIX III

Laboratory Test Results
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APPENDIX IV

MSE Wall Global Stability Analysis Results
MSE Wall Bearing Capacity and Stability Calculations
MSE Wall Settlement Calculations
Drilled Shaft — End Bearing and Side Resistance Calculations
Drilled Shaft — Laterally Loaded LPile Analysis
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54 BACK-TO-BACK WALLS

For walls which are built back-to-back as shown in figure 50, a modified value of backfill thrust
influences the external stability calculations. As indicated in figure 50, two cases can be considered.

® For Case], the overall base width is large enough so that each wall behaves and can be designed
independently. In particular, there is no overlapping of the reinforcements. Theoretically, if the
distance, D, between the two walls is shorter than:

D = H, tan (45 - cpkz) | (55)

then the active wedges at the back of each wall cannot fiilly spread out and the active thrust is
reduced. However, 1t 1s assumned that for values oft

D >H, ta‘n(45°-<p/2):='o.s H, ' \ ' (56)

- full active thrust is mobilized:

® Yor Case I, there is an overlapping of the reinforcements such that the two walls interact. When

the overlap, Ly, is greater than 0.3 H,, where H, is the shorter of the parallel walls, no active

earth thrust from the backfill needs to be considered for external stability calculations. For-

intermediate geometries between Case 1 and Case Il, the active earth thrust may be linearly
interpolated from the full active case to zero. For Case II geometries with overlaps greater than
0.3 Hz, L/H ratios for each wall as low as 0. 6 may be con51dered

. Con31der1ng this: case, designers mi ight be tempted touse smgle reinforcements connected to both

- wall facings.. ‘This alternative completely changes the. strain patterns in the structure and results |
~ in higher reinforcement tensions such that the design method in this manual is no longer

applicable, In addition, difficulties in maintaining wall ahgnment could be encountered during
constructlon, espemally when the walls are not ina tangent section.

Based ona performance review, back-to back walls with overlapplng reinforcemernits may be

- designed for static load conditions with a distance between parallel facing as low as L/H = 0.6,
where H is the_ height of each wall, and for conditions where the seismic horizontal accelerations
at the foundation level is less than 0.05g. For walls in more seismically active areas (up to 0.19g)
a distance of 1.1H, is presently recommended. For walls subjected to significant seismic loading
(up to 0.40g) successful performance has been observed when the distance between parallel
facings was at least 1.2H,.

Justification of narrower back-to-back distances (< 1,1H,) between faces in seismically active
areas require a more detailed analysis be performed to include effects of potential non-uniform
distribution of seismic and inertial forces within the wall, as suggested by numerlcal studies and
not provided for in the present design methodology.

5»5!-...
W

-178-

vﬂh“




qu,;fg D L Z SUBJECT Client  TranSystems Corp

Project SCI-823 Pertsmouth Bypass

[tem MSE Wall Bearing Capacity

JOB NUMBER 0121-3070.03
SHEET NO. 5 OF 3%
COMP. BY S DATE  g-29.5F

Rear Abutment, Based upon boring B-33

CHECKEDBY Typ A

Analysis assumes overlapping soil reinforcement

DATE f1107

Based upon existing foundation soils

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

l TRAFFIC LOADING

T
EMBANKMENT /|
|
|

FILL !
o
|

REINFORCED

[
|

|
frees
/———JI——--

|
! |

o N =
/
]

Soil Properties

Yemp = 120 pef Unit weight Embankment fill
Pevp = 30 deg.  Friction ang. Embankment fill
YeoN = 120 pef Unit weight Foundation soil
c =  1750° psf Cohesion Foundation soil
) = 0 = deg.  Friction ang. Foundation soil
(e = 0 pst Cohesion Foundation soil
0 = 29 = deg. Friction ang. Foundation soil

Loads and Parameters

I Effective Bearing Pressure
o = W, + Wy

[ v L—2¢ Ov = 3,948 psf

Ultimate undrained bearing capacity. g .

. |
QULT:CNc"'Gqu‘i'EVBM Qur = 9,168 psf

! Qurt

GarL= FS Jar = 3,667 psf
Factor of Safety = 2.32 No Good

l Ultimate drained bearing capacity, g .

(] 1) l
I qULT“CNr+O'DNﬁ+E}/IBN7 Qur = 14,889 psf

_ Y9uir
i Garre = FS Qo = 5,956 [JSf
Factor of Safety =  3.77 OK

Wy = 240 psf Traffic loading

L=B = 21 .63 ft Length of MSE reinforcement
L factor = 0.7 Length factor-range (0.7 - 1.0)
D = gt Embedment depth

Dw = 0 ft Groundwater depth

H+D = 309 ft

H = 279 :ft Height of wall

Ka = 0.00 Ka = 0.0*K, Due to overlap
[ Pa = 103 ft Moment arm

T Wt = 1545 ft Moment arm

B' = 21.63 ft

7' = 576 pcf

W, 5,191 Ib/ft of wall Weight from traffic
Wwe = 80,204 Ib/ft of wall Weight from MSE wall
Bearing Capacity Factors for Equations (AASHTO)
Undrained Drained

N, 5.14 N. 2786

N, 1.00 N, 1644

N, 0.00 N, 1934

Eccentricity of Resultant Force Kern

e = 0.00 ft e<l/6 = 361 it

MSE-BearingCapacity-Rear Abutment [MSE full Height]

5/29/2007 - 5:10 PM




SUBJECT Client  TranSystems Corp JOB NUMBER 0121-3070.03
Project  SCI-823 Portsmouth Bypass SHEET NO. (o OF 29

Item  MSE Wall Stability COMP, BY - DATE 529 0%
Rear Abutment, Based upon boring B-33 CHECKEDBY ")A/ DATE fo=f “H'F
Analysis assumes averlapping soil reinforcement Based upon existing foundation soils : ;
| STABILITY OF MSE WALL
Assumptions: Wall Properties Foundational Soil Properties
1 Estimated height of embankment; H=27.9' H+D = 309 i feet c = 1750 E psf Cohesion

2 Sssume bridge is supported on deep foundations Vmse = 120 1 pef o = g deg Friction angle
3 Ground water; Dw=0.0' L = 2163 feet Wy = 240  psf Traffic loading
4 Traffic loading is neglected in resisting forces L factor 370 Length factor-range (0.7 - 1.0)

5 For External Stability, Ka=0.0*K from reinforcing strap overlap ¢ = Friction Angle of Embankment Fill

RESISTANCE AGAINST SLIbING ALONG BASE

TRAFFIC LOADING

Thrust: P, :K{%}Hl +(0TH}

|

where; K, =tan s (45— E) K, = 000
2 EMBANKMENT
P, = 0 Ibs per foot of wall FILL
J——
‘.'
] Resistance: P, = W(u) (Drained) T ity
" P "l__.,_...
]
| where; n= [%] tan (¢) no= 0.37 ’,,r—-J—--.
I
N NN \ff\
P, = 29,675  Ibs per foot of wall ‘
I USE THIS VALUE
= L(C) (Undrained)
I P, = 37,853  Ibs per foot of wall

Use Drained Value

| Calculated Required Resistance Against Sliding is

P
F§=—+ FS = #HHHHH FS = 1.50

L FS$ 2 ® puede Kazoo
| F$ 715 RESISTANCE AGAINST OVERTURNING
* Summation of Moments about point "O" (base of wall).
I * Traffic loading is neglected in resisting forces

| TMugsing = 867407  Ib-ft M, = ’HL(%J
zMovenurning = 0 Ib-ft Evaemmmg = Ka l Wz[ﬁj ral £
2 3 2
I S M Calculated Required Resistance Against Overturning is
FS = TS FS = #iMM FS = 2.00

| M overtiumin g = G D
Fsy» do Due To K. 20.0




@?&DLZ SUBJECT

Client

TranSystems Corp

Project SCI-823 Portsmouth Bypass

ltem

MSE Wall Bearing Capacity

JOB NUMBER 0121-3070.03
SHEET NO, 7 OF 2%
COMP.BY =2l DATE &.29.p7

Rear Abutment, Based upon boring B-33

CHECKED BY -7y 2/ &

Analysis assumes overlapping soil reinforcement

DATE fy/ /07

Based upon undercut of existing foundation soils

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

TRAFFIC LOADING

N
EMBANKMENT /|
i i.‘"'*"'; REINFORGED
[ ZONE
“,——J:——- H
1 =y
l_,.:_._.
P—
[
/ ! i
~ NN, BN ANNANN
! | . ;I\r
o1 i
e H
W
L
Effective Bearing Pressure
= W, + Wise
v L—Ze Oy = 3,948 pSf
Ultimate undrained bearing capacity. g ..
, 1
Quur=cN 40, N, +57’BM Qur = 17,133 psf
_ Yuir
Gar = Fs Qe = 6,853 psf
Factor of Safety = 4.34 OK
Uitimate drained bearing capacity, g ..
1 ) l A
Guir=¢ NC+O-DNQ+E2/BN}‘ Qur = 17,133 psf
Gars= % Qe = 6,853 psf
Factor of Safety =  4.34 OK

Soail Properties

Yemp = 120 pef Unit weight

Oeve = 30 deg.  Frictionang.
YeDN = 120 pef Unit weight

c = . 0 : psf Cohesion

) = 30 deg. Friction ang.
c' E 0 psf Cohesion

o' = 30 deg.  Friction ang.

(5e d) if -?rr‘ %0;' mlm mﬁd@f‘a«w’f”
ﬁgT HESHTD St < spee fa. B
Loads and Parameters

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

Foundation soil

Hinhway briclgea, 5.8.2

Wy = 240 psf Traffic loading

L= = 21.63 ft Length of MSE reinforcement
L factor = a7 Length factor-range (0.7 - 1.0)
D = aaut Embedment depth

Dw = 0 ft Groundwater depth

H+D = 309 ft

H = 209 f Height of wall

Ka = 0.00 Ka = 0.0*K, Due to overlap
[ Pa = 103 ft Moment arm

Wt = 1545 ft Moment arm

B' = 21.63 ft

s A = 576 pcf

W, 5,191 Ib/ft of wall Weight from traffic
Woe = 80,204 lb/ft of wall Weight from MSE wall
Bearing Capacity Factors for Equations (AASHTO)
Undrained Drained

N, 30.14 N. 3014

W, 18.40 N, 1840

N, 22.40 N, 2240

Eccentricity of Resultant Force Kern

e = 0.00 ft e<L/6 = 3.61 ft

MSE-BearingCapacity-Rear Abutment_undercut [MSE full Height]

5/29/2007 - 5:15 PM




SUBJECT Client  TranSystems Corp JOB NUMBER 0121-3070.03
j Project  SCI-823 Portsmouth Bypass SHEET NO. <& OF %27

ltem  MSE Wall Stability COMP. BY o DATE  5.59.47
Rear Abutment, Based upon boring B-33 CHECKED BY ;’{} {3/«‘5 DATE @ g’ f /& 1
Analysis assumes overlapping soll reinforcement Based upon undercut of existing foundation soils
STABILITY OF MSE WALL
Assumptions: Wall Properties _ Foundational Soil Properties
1 Estimated height of embankment;, H=27.9' H+D = 30.9 % feet o = 0 pst Cohesion
2 Sssume bridge is supported on deep foundations Vmse = 120 pef o = 130 - deg Friction angle
3 Ground water; Dw=0.0" L = 2163 feet Wy = 240 psf Traffic loading
4 Traffic loading is neglected in resisting forces L factor = 70 Length factor-range (0.7 - 1.0)
i L\ jrE
5 For External Stability, Ka=0.0"K from reinforcing strap overlap ¢ = 30 deg Friction Angle of Embankment Fill
| RESISTANCE AGAINST SLIDING ALONG BASE
1
Thrust: P =K, |:E }Hz + o, H:| TRAFFIC LOADING
| . ¢ L] : | f v r v _
where; K, =tan"(45-L) K. = 0.00 b
2 EMBANKMENT /|
i REINFORCED
| P, = 0 1bs per foot of wall FILL ol | e
1" ! i
|
| Resistance: P, =W(u) (Drained) | e
"L——-I,—-—
P—m 1.
where; = (E] tan () M= 0.39 / i
| - 7 t
S O S~ NN
P, = 31,280  Ibs per foot of wall i . 5
| USE THIS VALUE ? l &
w
L i
B, = L(C' ) (Undrained)
| P, = 0 Ibs per foot of wall
Use Drained Value
| - Calculated Required Resistance Against Sliding is
=y FS = #### ES = 150
a Fs = w
Fs» 15 Dewe h kar 0.0
| RESISTANCE AGAINST OVERTURNING
* Summation of Moments about point "O" (base of wall).
| * Traffic loading is neglected in resisting forces
ZMMSMF’E = 867'407 ib_ﬂ ZMresi.wing = }HL[é]
, ZMQVEL’HI.I‘Hiﬂg = 0 Ib-ft >M =K l 2 _[i 4 H ﬁ
overturnng a 2 ?/H 3 a)r 2
| SM Calculated Required Resistance Against Overturning is
FS = TS FS = FS = 200
I 2M overtumin g K< =
;:rfi; :’ r&’n@ ;:}!:“l, ";f} ;"t’\'%?&—{i}




’CI“‘ SUBJECT Client  TranSystems Gorp JOB NUMBER 0121-3070.03
E‘u‘;ﬁ'
g‘éﬁ Project  SCI-823 Portsmouth Bypass SHEET NO. < OF 37

ltern MSE Wall Stability COMP. BY <4, DATE £.29-0%
Forward Abutment Wall, Based on B-36 CHECKED BY 7’{{:& DATE fzf 107
Analysis assumes overlapping soil reinforcement Based upon MSE wall leveling pad founded on bedrock
STABILITY OF MSE WALL
Assumptions: Wall Properties Foundational Soil Properties
1 Estimated height of embankment; H=37.1 HeD = 370 feet ¢ = O psf  Cohesion
2 Sssume bridge is supported on deep foundations Vmse = (HEIOER pcf ¢ = g  deg Friction angle
3 Ground water; Dw=0.0' L = 26044 feet Wy = 240 psf Traffic loading
4 Traffic loading is neglected in resisting forces L factor = G’}‘ Length factor-range (0.7 - 1.0)

5 For External Stability, Ka=0.0*K from reinforcing strap overlap ¢ = ' 30 { deg  Friction Angle of Embankment Fill
RESISTANCE AGAINST SLIDING ALONG BASE

1 p TRAFFIC LOADING
Thrust: P =K, |:E W+ a)TH} i
. ¢ ¥ o B T | ¥ .
where; K,=tan*(45-1) K. = 000 [
2 EMBANKMENT /|
P, = 0 Ibs per foot of wall FILL I sl
[ ZONE
]I’ H
Resistance: P, =W(u) (Drained) T T
P .
_'.1
o]
where; | = [%) tan (¢) o= 0.45 / |
/ {
X AN N
P, = 52,177  Ibs per foot of wall . | o
USE THIS VALUE f D
W
L i
P, =Ifc) (Undrained)
P, = 0 Ibs per foot of wall
Use Drained Value
P Calculated Required Resistance Against Sliding is
FS = —P’— FS = ####ih FS = 150

gg ‘f;? Bie #o Ky 7 0.0
RESISTANCE AGAINST OVERTURNING
* Summation of Moments about point "O" (base of wall).
* Traffic loading is neglected in resisting forces

Z]I'\‘/'[l‘e.*iistil‘sg = 1’509’897 lb-ft EM resisting = ?HL(%)
ZI\(‘[overlurl'ﬂllg = 0 Ib-ft EMm-ermmi;g = Ka i Wz(g) + (OTH E
2 3 2
S U Calculated Required Resistance Against Overturning is
FS = TS FS = FS = 2.00
ZMUw.mmzin e ;ﬁfﬂ E 4

F&y 20 Due *o Ka s00




SUBJECT Client  TranSystems Corp JOB NUMBER 0121-3070.03
: Project  SCI-823 Portsmouth Bypass SHEET NO. Fge OF 2
Item MSE Wall Stability COMP. BY </4 DATE 5-29-07F

Forward Abutment Wall, Based on B-36

CHECKED BY D ff  DATE ﬁ!; fg; 7

Analysis assumes no overlapping sail reinforcement

Based upon MSE wall leveling pad founded on bedrock

Assumptions:
i 1 Estimated height of embankment; H=37.1'

2 Sssume bridge is supported on deep foundations

3 Ground water; Dw=0.0'

| 4 Traffic loading is neglected in resisting forces

5 No overlapping of soil reinforcement

STABILITY OF MSE WALL
Wall Properties Foundational Soil Properties
H+D = ¢ 37.1 éfeet c = O '.fpsf Cohesion
Vee = 120 | pef o' deg Friction angle
L = 26.044 feet Wy = 240  pst Traffic loading

L factor =

¢

070k

i Length factor-range (0.7 - 1.0)
= [0 deg

Friction Angle of Embankment Fill

| RESISTANCE AGAINST SLIDING ALONG BASE

1
Thrust: P =K, I:_Z_ ?Hg + o, H} TRAFFIC LOADING
I ¢ | I | : | ) =
where; K =tan®(45-2) K, = 033 N
| 2 EMBANKMENT /|
P, = 30,191 Ibs per foot of wall FILL j ] RERORAGED
= L / : ZONE
o H
][ |
| Resistance:  P.=W(u) (Drained) T 5=
SO OO ] ,
2 P —=
where; w | =g = 045 /
| o) ( 3] an ($) M A *
3 SN NANN
P, = 52,177 1bs per foot of wall L i 5 _f
| USE THIS VALUE ? D
W
L 1
P = L(C' ) (Undrained)
| P, = 0 Ibs per foot of wall
Use Drained Value
| p Calculated Required Resistance Against Sliding is
F§ = ;’ FS = 173 FS = 150

| RESISTANCE AGAINST OVERTURNING

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

| * Traffic loading is neglected in resisting forces

, 2 M, isting = 1,509,897 Ib-ft IM ,psisring = ﬂiL(a[i]
ZNlc:wertuming = 391,534  Ib-ft SM il l 2 E v o.H E
overtirning a 27H 3 mf 2
| SM Calculated Required Resistance Against Overturning is
FS = e FS = 3.86 FS = 200

| overtumin g
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Shet 12of 37 SYK §3/0F
US 52 Ramp A MSE wall Settlement Analysis DAA @/ﬁ/é7

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

Project Name ! SCI-823 U5-52 Ramp A Client : Transystems Corp
File Name : 52A Project Manager : Nix ‘
Date : 04/12/07 computed by : sjr

Settlement for X-Direction

0.10 (ft) Height of i1l H
0.10 (ft) unit weight of Fill
33.50 (fr) p load/unit area

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

27.90 (ft)
120.00 (pct)
3348.00 (psf)

HoEn

Einwin

Embankment bottom width 33.70 (ft) Foundation Elev. 558.40 (ftD
Ground Ssurface Elev. 558.40 (ft) ) : _ :
water table Elev, 543.90 (ft) unit weight of wat. =" 62.40 (pcf)
LAYER - S COEFFICIENT ' UNIT SPECIFIC VOID
N§. TYPE THICK. COMP. RECOMP. SWELL. WEIGHT GRAVITY RATIO
(f) : “ E (pcf) g _
1 INCOMP. 3.0 ==m== —mmim —o-—o 120.00 ———- ————

2 COMP. 5.0 0.180 0.018 0.000 125.00 2.65 0.56
3 comp. 6.5 0.007 0 000 0.000 125 00 2.65 1.00

SUBLAYER SOIL STRESSES ,
N§. - THICK. ELEV. INITIAL MAX.PAST PRESS.
(ftd fo - (psT) (psf)
1 INCOMP, - | . 5
2 5.00 552.90 672,50 1 672.50
3 650 o 5a7.05 . 139125 1391125 -
X=  0.10 x= 6.8 X= 13.50 x= 20,20
Layer Stress Sett. Stress: Sett. - Stress Sett. Stress Sett.

- (psf) - (in.) (pst)  (ino) (psf) . (in.) - (psf) ~(in.)

1 INCOMP. INCOMP. INCOMP. & INCOMP. L _ _
2 855.03 2.47 1586.40 3.64  -1666.49 3.75 1666.49 3.75
3 834,71 0.06 1346.57 0.08 1529.55 0.09  1529.55 0.09

o~

. - T T e,
- “'2.52 ) 3.72 Q.sz& ™ 3.84

X = 2690 X= 33.60 | Use 6 v¢ Bomp
Layer Stress 5Sett. Stress Sett. . ’
(psf)  (in.) (psf) - (in.) = /.85

1 INCOMP. XINCOMP.
2 1586.40 3.64 855.03 2.47
3 1346.57 0.08 834.71 0.06

mwumwwuv.uwu:wmwuumuuuwwww_uau;‘w'muumummwmumuwmwwmwmmmmwmwmmuuwum(\

AAAAAA Hit arrow keys to display next screen. <F8> Print. <Fl0> Main Menu AAAAAD
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DRIVEN 1.0 Shot M of 3F
GENERAL PROJECT INFORMATION ﬁ/{ o5- 3107

Dan G 1fo7
Filename: o :
Project Name: SCI-823 Project Date: 05/29/2007
Project Client: TranSystems Corp. '
Computed By: sjr
Project Manager: Nix _
PILE INFORMATION
Pile Type: H P:Ie HP12X53
Top of Pile: 0.00 ft
Perimeter Analysis: Box
Tip Analysis: Box Area
ULTIMATE CONSIDERATIONS
Water. Table Depth At Time Of: - Dnllmg o . 13.00 ft
i ' - Driving/Restrike : ©13.00 ft-
_ _ ‘ N «Ultimate: -~ - ‘ 13.00 #t-
Ultimate Considerations: o - Local Scour:. o 0.00 ft
‘ o o - Long Term Scour: ' - 0.00 ft
- Soft Sail: ‘ ‘ o 0.00 ft
ULTIMATE PROFILE
Layer Type - - Thickness _Drw:ng Loss  Unit Welght | Strength | Ultimate Curve

1 - Cohesive 14.00 ft 0.00% 120.00 pcf 2000.00 psf ~ T-79 Steel




[

H
J

™ o C

Depth

0.01 ft
9.01 ft
13.99 ft

Depth

0.01 t
9.01 ft
13.99 ft

Sail Type

Cohesive
Cohesive
thesive

Soil Type

Cohesive
Cohesive
Cohesive

ULTIMATE - SKIN FRICTION

Effective Stresé

Sliding

At Midpoint Friction Angle

N/A N/A

N/A N/A

N/A N/A
ULTIMATE - END BEARING

Effective Stress Bearing Cap.

At Tip Factor

N/A N/A

N/A N/A

N/A N/A

7
shat 1 of 2L
<. g-3r / WA /10
Adhesion Skin o é// 7
Friction

1165.00 psf 0.05Kips
1165.00 psf 41.68 Kips
1210.94 psf 67.27 Kips

Limiting End End

Bearing Bearing

N/A ' 17.74 Kips
N/A 17.74 Kips
N/A 17.74 Kips




Cp— T

Depth

0.01 1t
9.01 ft
13.99 ft

Skin Friction
0.05 Kips

41.68 Kips
67.27 Kips

End Bearing

17.74 Kips
17.74 Kips

. 17.74 Kips

het
ULTIMATE - SUMMARY OF CAPACITIES Z7%" 5302/

oof 37
/4
Total Capacity DAA @///07
17.78 Kips
'569.42 Kips
85.01 Kips
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Sheet zso{ 3% PR 53107

| Code: AC! 31 3-95
JUnité' English
F{un aX|s About X-axas

Hun option: Design -

Column type: Structural

] Slenderness: Not consmered
}Bars ASTM AG15

‘Date: 05/31/07 ‘

M e B T

ITlme: 16:08:55
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Ramp A Lat Analysis_Prelim Design.lpo by T 610

LPILE Plus for windows, version 5.0 (5.0.5)

Analysis of Individual Piles and Drilled shafts
Subjected to Lateral Loading Using the p-y Method

(o) Copyri?ht ENSOFT, Inc., 1985-2004
ATl Rights Reserved

This program is licensed to:

S Ried

pLZ, onio Inc. . ,

Path to file locations: - M:\proj\0121\3070.03\stability Analyses\MSE walls\Us

SZ\RampJA\joint—Fina1\rear.abutment{ = EE
~ Name of input data file: Ramp A Lat Analysis_Prelim Design.lpd

Name of output file: - Ramp A Lat Analysis_Prelim Design.lpo’

Name of plot output file: Ramp A Lat Analysis_Prelim Design.lpp

Name of runtime file: Ramp A Lat Analysis_Prelim Design.lpr

g gy g gy g g g g g g G oy G g Vg g g g g g g g g g gy

Units Used jn Computations - US Customary units, inches, pounds
Basic Program options:

Analysis Type 3: ) _ ) - ) ) _
- Computation of Nonlinear Bending Stiffness and_Ultimate Bending Moment
Capacity with Pile Response Computed Using Nonlinear EI

Computation Options: :

only internally-generated p-y curves used in analysis

Analysis does not use p-y multipliers (individual pile or shaft action only)
Analysis assumes no shear resistance at pile tip

Analysis for Tixed-length pile or shaft only

No computation of foundatijon stiffness matrix elements

Out?ut pile response for full Tength of pile

Analysis assumes no soil movements acting on pile

No additional p-y curves to be computed at user-specified depths

solution Control Parameters:
Page 1
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- Maximum number of iterations allowed
- peflection tolerance for convergence

Sheet 26 of 37 qf)’f 530
QY bt o7

) X Ramp A Lat Analysis_Prelim Design.Tpo
- Number of pile increments = 100

- Maximum allowable deflection

Printing oOptions:

U [

100

1.0000E-Q5 1in
1.0000E+02 1in

- values of pile-head deflection, bending moment, shear force, and
soil reaction are printed for full Tength of pile.
- Printing Increment (spacing of output points) = 1

Pile Length
pepth of

round surface below top of pile

Slope angle of ground surface.

nny

660.00 in
324.00 in

-00 deg.

Structura]ipfoperties of pile deffhed‘usihg 4.p01nt§ ,

PoOint Depth
x.
in
1 © 0.0000
2 276.0000
3 276.0000

4 660.0000

pile

Diameter

n

54.00000000
54 .00000000
60.00000000

60.000006000-

Moment of
Inertia
410**4 .

417393.0000
417393.0000
636173.0000

636173.0000

Pile.
Area
- 8q.1n

~2290.000
2290.0000 .
2827.0000 -
2827.0000

Please note that because this analysis makes computations o
moment ‘capacity and pile response using nonlinear bending s

Modulus of
Elasticity
Tbs/5q.1in "
3823700.
3823700.
3823700.
3823700.

f ultimate
tiffness

that the above values of moment of inertia and modulus of are not used

for any computatijons other than total stress due to combine
loading and bending. o : T

Soil and Rock Layering Information
The soil profile is modelled using. 4 layers
Layer 1 is stiff clay without free water ‘ -
‘Distance from top. of pile to top of layer = 324,000
Distance from top of pile to bottom of Tayer = _360.900
Layer 2 s sand, p-y criteria by'Reese et al., 1974 '
Distance from top of pile to top of layer = 360.000
Distance from top of E11e to bottom of. layer = 432.000 i
p-y subgrade modulus k for top of soil Tayer = 000
p-y subgrade modulus k for bottom of layer = .000

NOTE: Internal default values forlp-y subgrade moduTus
the above soil layer.

Layer 3 is strong'rock (vuggy Timestone)

Distance from top of pile to top of Tayer = 432.000
Distance from top of pile to bottom of layer = 500.400
Layer 4 is strong rock (vuggy limestone)

Distance from top of pile to top of layer = 500.400
Distance from top of pile to bottom of layer = 1000.000

Page 2
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(Depth of lowest Tayer extends 340.00 in below pile tip)

Distribution of effective unit weight of soil with depth
is defined using 8 points

Point Depth X Eff. Unit Weight
NO. in Tbs/in**3

1 324.00 . 06900

2 360.00 . 06900

3 360.00 . 06900

4 432.00 . 06900

5 432.00 .081.00

6 500.40 .08100

g 500.40 08100

Distribution of shear streﬁgthfparameters with depth
defined using 8 points

Point Depth x Cohesion ¢ ~Angle of Friction E50 or RQD
" No. in, 1bs/in**2 . - Deg., - - k_rm %
1 324.000 - 12.15000 .00 VU
2 360.000 - 12.15000 00 mmmmmm admane
3. 360.000 00000 - 30,00 0 c—mm—-m oo
4 432.000 . 00000 30.00 mmemem e
5 432.000 1000.00000 00 ammmee mmmmem
6 500,400 - 1000.00000 : 00 mmemem mmmo
7 500.400 2725.00000 y 00 mfmmemmmmeee
8 1000.000°  ~ 2725.00000 : 000 0000 mmemamw mmeo
- Notes: '

(1) Ccohesion = unjaxial compressive strength for rock materials.

(2) values of E50 are regorted for clay strata. .

(3) nDpefault values will be generated for E50 when input values are 0.
(4) RQD and k_rm .are reported only for weak rock strata.

Static loading criteria was used for computation of p-y curves

Page 3
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Number of Toads specified =
Load Ccase Number 1

Pile-head boundar¥ conditions
shear force at pile head
Bend1n? moment at pile head
Axial load at pile head

it nn

(zero moment at pile head for

Number of pile sections = 2

: P11e Sect1on No 1

Sheet 1% oF 3% SYE F3l-07F
Ramp A Lat Analysis_Prelim Design.lpo

are Shear and Moment (BC Type 1)
27020.000 Tbs
.000 in-1hs
1305400.000 Tbs

this 1oad indicates a free-head condition)

The sect1ona1 shape is a circular drilled shaft (bored pile).

outside Diameter

‘Material Properties:

‘Compressive strength of Concrete
.Yield stress of Reinforcement
“Modulus 'of Elasticity of Re1nforcement

Number of Reinforcing Bars
Area of single Bar .
Number of Rows of Re1nforc1ng

'Cover Th1ckness (edge to bar. center)

' Unfactored Ax1a1)Squash-Load Capacity

. Row Area of
Number Reinforcement
In¥*2
1 4,000000
2 8.000000
3 8.000000
4 8.000000
5 4.000000

Axial Thrust Force =

Bending Bending

Moment 5tiffness

in-1bs Tb-in2
1768625, 1.768625E+12

I

54.0000 In

4.500 Kip/In**2
60. Kip/In*#*2
290008 K1p/In**2
4;oooog Tn*#2
3.000 In

© 10557.70 Kip.

Bars

HIIHII&IIH

1]

"Distribution and Area of steel Reihfokcement

_Distance to
centro1da1 Ax1s

24. 0000
16.9706

_.0000
-16.9706
-24.0000

1305400.00 1bs

Bending Maxi mum Neutral Axis
Curvature strain Position
rad/in in/in inches
. 00000100 . 00016562 165.62183
Page 4
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Unfactored (Nomihal) Momen

8837326.
15852860.
18240467 .
21176442.
23731709.
26064042 .
28247168.
30343427.
32372318.
34350153.
36290781.
38175651.
40049657
41875550.
43701248.
45474060.
47227203.
48692554,
49905845,
51071027.
52220983,
53354718.
.53858898.
54213000.
54560142.
. 56868971.

158209620.
59345159,
59541791.

In-Kip

Pile section No. 2

The settionaT'shape is a circular drilled shaft (bored pi1e).

Qutside-Diameter- 

Material Properties:

Yiel

ressive Strength of Concrete
d stress_of Reinforcement .
Modulus of Elasticity of Reinforcement

Number of Reinforcing Bars.

Area of Single Bar .

Number of Rows of Reinforcing Bars
Cover Thickness (edge to bar center)
unfactored Axial Squash Load Capac{ty

Distribution and Area of Steel Reinforcement

Row

Number

Area of
Reinforcement
In*%2

4.000000
8.000000
8.000000

1

B wminu

Distgnce tbu
Centroidal Axis

In

27.0000
23.3827
13.5000

Page 5
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. 767465E+12 . 00000500 .00027505  55.00926590
.761429E+12 . 00000900 .00038572 42.85811234
.403113E+12 .00001300 .00047054 36.19545364
.245673E+12 . 00001700 .00055530 32.66472244
.130081E+12 .00002100 .00063584 30.27828598
.042562E+12 .00002500 . .00071351  28.54052353
.740403E+11 .00002900 .00078898  27.20609665
.194978E+11 . 00003300 .00086325  26.15923691
.749275E+11 .00003700 .00093663  25.31445694
.378086E+11 .00004100 .00100946  24.62087631
.064618E+11 00004500 00108215  24.04780197
.790949e+11 . 00004900 .00115371  23.54517746
.556539E+11 .00005300 .00122621  23.13607407
.346588E+11 .00005700 00129762  22.76528549
.164139E+11 .000061.00 .00137089  22.47359848
.996009e+11 .00006500 .00144233  22.18973923
844522E+11 . 00006900 00151428 21.94604874
.670213E+11 . 00007300 .00158411 - 21..70009232
.481279e+11" . 00007700 .00165343  21.47308731
.305065E+11 .00008100 © ° .00172062 - 21.24216843
.1436456+11 .00008500 .00178827  21.03844070
.994912E+11 . 00008900 .00185638  20.85819626
7912798411 .00009300 .00191851 - 20.62913132
.588969E+11 - - .00009700 ~ .00197551  20.36607742
.401994E+11 .00010100 - .00203288 20.12753677
»341143E+11 .00013100 00247582 18.89940262
.615504E+11 .00016100 .00294029  18.26267624
.107076E+11. .00019100 ..00343395 17.97881699
.694199e+11 .00022100 .00392966 17.78126907 .

t Capacity at Concrete strain of 0.003 = - 58346.96504

4,500 Kip/In**2
60. Kip/In**2
29000, Kip/In**2

3.000 In

In¥*#%2

Kip

57,{ 5-3/)-0F
T g0 ]
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Ramp A Lat Analysis_Prelim Design.lpo f e
4 8.000000 .0000 Wit b1 ‘7
5 8.000000 -13.5000
6 8.000000 -23.3827
7 4.000000 -27.0000
Axial Thrust Force =  1305400.00 Tbs
Bending Bending Bending Maximum Neutral Axis
Moment stiffness Curvature strain - Position
in-1bs . Th-in2 rad/in in/in inches
2832115. 2.832115E+12 00000100 .00013926 139.26212
14140749, 2.828150E+12 .00000500 .00026089 52.17739105
20634675, 2.292742E+12 .00000900 .00036470. 40.52249908
25559841,  1.966142E+12 00001300 .00045823  35.24837494
29806268. 1.753310E+12 .00001700 .00054603  32.11956024
33732515, 1.606310E+12 .00002100 .00063060  30.02872467
37484106. 1.499364E+12 .00002500 .00071337  28.53481293
41109232. 1.417560E+12 00002900 .00079475 27.40528107
44656511. 1.353228E+12 .00003300 .00087557  26.53255463
48144899, 1.301213E+12 .00003700 .00095628  25.84545135
51554974, 1.257438E+12 .00004100 = .00103589 25.26569366
54945061, 1.221001e+12 .00004500 - .00111670 - 24,81548309
58267100, 1.189124E+12 .00004900 .00119646 . 24.41745758
61554316, 1.161402E+12 .00005300 00127675  24.08969879
64820160. 1.137196E+12 .00005700 .00135862  23.83541107
68025168. 1.115167e+12 .00006100 . - .00143938 23.59645844
70688543, 1.087516E+12 .00006500 .00151730  23.34308624
73019717. 1.058257E+12 .00006900 .00159357  23.09520721
74376300. 1.018853e+12 00007300 .00166415 22.79651642
75664812. 9.826599e+11 .00007700 .00173246  22.49942780
76935045. 9.498154E+11 .00008100 .00180119  22.23690033
78187049. 9.198476E+11 .00008500 .00187037  22.00435638
- 79445660, 8.926479e+11 00008900 .00194197  21.81987762
80644560. 8.671458e+11 .00009300 -.00201094  21.62303925
81359259. 8.387552e+11 .00009700 = . .00207435 - 21.38500214
81837375. 8.102710E+11 00010100 .00213520 " 21.14055634
84864077. 6.478174E+11 .00013100 .00260903 = 19.91626740
86978629. 5.402399e+11 .00016100 .00309398  19.21726227
88067783, 4.610879e+11 . 00019100 .00363190° 19.01515961
38067783, 3.984968E+11 .00022100- ~ .00419901  19.00005341
Unfactored (Nominal) Moment Capacity at Concrete Strain of 0.003 =- 86568.84551
In-Kip o : : P PR
camputed values of Load Distribution and Deflection
for Lateral Loading for Load Case Number 1
Pile-head boundary conditions are Shear and Moment (BC Type 1)
specified shear force at pile head = 27020.000 1bs
Speciftied moment_at pile head = . .000 in-Tbs
specified axial load at pile head = 1305400.000 Tbs
(zZero moment for this load <indicates free-head conditions)
Depth peflect. Moment Shear Slope Total FIx. Rig. So0il Res
X y M v S Stress ET D
Page 6
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.561388
.549570
.537758

.525954
.514165

.502395

.490649
.478932

.467248

.455602

.443999
.432444
.420941
.409496
.398112

.386795

.375550.
.364381
.353293

.342291.
.331380
.320563
.309847
.299235
.288733
.278346
.268077
.257932
.247915

.238031
.228286
.218682
.209226
.199973.
.190775
.181789
.172969
-164320

. 155846
.147552
.139243
-131524
-123798
J116271
.108947
-101832
.094928
.088242
.081778
.075541
.069534
.063763
.058232
.052944
.047901
.043107
.038562
.034268
.030226
-026437
.022902

FJkJP*k*k*HHALDu:unoﬂotokopoooG?QJaru~q~4~4\4osc\cuhcnu1uﬂﬂ¥ﬂU1°1¥vh4>¢a¢=uu»1»apUJhJh:mnuruFJkJFAFJFHo-QLngurﬂf

Ramp A Lat Ana1ys1s PreTim Design.lp

Ths-in Rad.
35E-05 27020. -.001791
94E+05 27020. -.001790
88E+05 27020, -.001789
81E+05 27020. -.001787
75E+05 27020. -.001785
69E+05 27020, -.001782
16E+06 27020. -.001778
36E+06 27020. -.001773
55E+(6 27020. ~-.001767
74E406 27020. -.001761
94E+06 27020. -.001754
13E+06 27020. -.001747
32E+06 27020. -~.001739
52E+Q6 27020. -.001729
71E+06 27020Q. -.001720
90E+06 27020. -.001709
10E+06 27020. -.001698%
29E+06 27020. -.001686
48E+06 27020. -.001673
67E+(06 27020:. -~-.001660
87E+06 27020. -.001646
06E+06 27020. -.001631
25E+06 27020." -.001616
44E+06 27020. -.0018600
64E+06 27020. -.001583
33E+06 27020. -.001565
02E+06 27020, ~.001547
21E+06 27020, -.001527
40E+06 27020. ~.001508
59E+06 27020. -.001487
78E+06 27020. -.001466
98E+06 27020. -.001444
17E4+06 27020.. ~.001421
36E+06 27020. * -.001398 .
55E+06 27020, <.001374
74E+06 27020. - =.001349
93E+06 27020, -.001323
12E+06 27020. -.001297
31E+06 27020, -.001270
50€E+06 27020. -.001243
68E+06 27020, -.001214
87E+06 27020. -.001185
06E+06 27020, -.001156 -
25E+06 27020. -.001125
44E+06 27020. -.001094:
62E+06 27020, -.001062
81E+06 27020. -.001029
Q0E+06 27020. -.000996
19e+06 27020. -.000962
37e+06 27020. -.000928
56E+06 25138. -.000892
72E+06 21359, -.000856
86E+06 17554. ~.000820
97E+-06 13730. -.000783
01lE+07 9893.967 -.000745
01E+Q7 7746.933 -.000708
02E+07 7296.039 -.000670
02E+07 6854.357 -.000632
03E+07 6428.180 -.000593
L03E+07 6022.963 -.000555 .
LO4E+07 5643.318 -.000516

Page 7
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. 77E+12 0.000
.77E+12 0.000
A7ELR12 0.000
L77E+12 0.000
L ATE+12 0.000
A7E+12 0.000
JATE+12 0.000
A7TE+L2 0.000
LAT7E+12 0.000
L.77E+12 0.000
JI7E+12 0.000
f7E+12 0.000
. 77E+12 0.000
.77E+12 0.000
LT7E+12 0.000
~ATE+12 0.000
.Z7E+12 0.000
'77E+12  0.000
JZ7E+12. 0.000
L77E+12 0.000
L77E+12 0.000
'77E+412  0.000
.77E+12 0.000
J7E+12 0.000
L 77E+12 0.000
L7TE+12 0.000
.77E+]12 0.000
LI7E+12 0.000
LZ7E+12 0.000 -
L7TE+12 0.000
.77E+12 - 0.000
‘77E+12 -0.000
A7E+12 0 . 0.000 -
J7E+12 0 0.000
"77E+412° 0.000
.77E+12 - 0.000
ITE+12 0.000
.77E+12 0.000
LA7E+12 0.000 "
.77E+12 0.000.
LITE+12 0.000
. 77E+12 0.000
ATE+12 -0.000
.77E+12 0.000
LZ7E+12 - 0.000
.77E+12 0.000
.77E+12 0.000
LZ7E+12 0.000
.77E+12 0.000
LI7E+12 0.000
JZ7E+12 ~570.269
L7FE+12 -574.783
.77E+12 -578.250
.77E+12 -580.624
.77E+12 -581.856
.f7E+12 -68.761
L77E+]2 -67.874
L77E+12 -65.969
A7E+12 -63.175
LATE+L2 -59.618
LF7E+12 -55.426
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402,
409.
415.
422.
429.
435,
442,
448.
.400
462.

455

468
475

488
495
308

328

613

633

640.
646,
653.
660.

" please hote

600
200
800
400
000

600 .

200
800

000

.600
.200
481.

800

-400
.000
501.
.200:
314.
321,

600
800

400 -
.000
534,
5471,
547 .
554’
561.
. 567.
574.
580.
587.
594 .
600.
607.

600

200

800

400 -

000
600
200
800
400
000
600
200

-800
620.
627.

400
000

.600
200

800
400
000

111 ..
CORASGO L 1 b T byt

.019623
.016601
.013836
.011329
.009081
.007094
.005367
.003893
.002661
.001653
.000849
.000227
.000234
.000557 -
. 000765
. 000880
.000922
.000910
.000860
.000785
.000695
.000598
.000502
.000410
.000325
-000249
-000183
.000127
.06E-05
-33E-05
.39E-05
.71E-06

2,58E-05

~1 Gy Oh VI B

. 84E-05
.76E-05 .
LASE-0Q5 .
.97E-05.
A41E-05
.81E-05"
. ZOEHOS .

>
7

~1.
2
-3.
-4,
-4,
-3.
-3.
-3.

-2
-2

-1.
-1.

-4
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.04E+07 5293.008 -.000477  951.972
.04E+07 4974.945 -,000438 953.753
.05E+07 4691.188 -.000399 955.425
.05E+07 4442.938 -.000360 956.998
.058407 4230.533 -.000321  958.483
.06E+07  -19276. ~-.000281 959.892
L03e+07  -60396. -.000242 946.713
L77E+06  -90954. -.000205  922.494
.09e+06 -1.13e+05 -.000170 890.263
.29E+06 -1.27E+05 -.000137 852.551
.42E+06 ~1.35E+05 -.000108  811.432
.51E+06 -1.39E+05 -8.20E-05  768.558
-29E+06 -1.39E+05 ~5.94E-05  725.207
.68E+06 -1.36E+05 -4.03E-05  682.328
79E+06 -1.32E+05 -2.44e-05 640.586
.94E+06 -1.21E+05 ~1.19E-05  600.409
.19e+06 -1.056+05 -2.30E-06  565.152
.25E+06  -88523. 4.69E-06  535.053
.02E4+06°  -72605. 9.50E-06  510.045
L96E+05 -57814. 1.25E-05  489.850
.61E+05 -44509. 1.41e-05 - 474.047
75.394 - -32880. 1.46E-05 - 462.133
74E+05  -22986. 1.43E-05 469.955
96E+05 - -14790. 1.34e-05 475.710
69e+05 -8188.699 1.22E-05 = 479.172
04E+05 -3034.419 1.07e-05  480.817
09e+05 - 844.027 9.23e-06  481.070
93e+05 3626.818 7.73e-06  480.299
62E+05 5491.701 6.32E-06- 478.818
21E+05 6605.850 5.05E-06- 476.886
L75E+05 - 7120.406 3.94E-06 474.710
27E+05  7167.219 3.0Q0E-06  472.457
80E+05 6857.337 2.25E-06  470.252
36E+05: 6280.866 1.66E-06 468.190
-97157.. 5507.871 .1.22E-06 - 466.343
-63639. 4590.064  9.20E-07 - 464.763-
-36584.. .3563.057 7.33e-07 - 463.487
-16619. 2449,048. 6.34e-07  462.545 "
267.272 1259.821° 5.95E-07 461.963
0.000 0.000 5.87e-07 461,

representative of actual conditions..

Output verification:

Sheet 32 0¥ 33

762

o)

RRRREPRPRRPRPRRPRRPRRPRRRERBRERPRBRREFRRBRRPRR PR PR R e

L77E+12
ITEFL2
LT7E+RL2
TTE+12
TTEL2
L77E+12
LA7E+12
77E+12
77E+12
77E+12
J7E+12
.77E+12
77E+12
.77E+12
77E+12
77E+12
77E+12 .
77E+12 .
L77E+12:
T7E+12
A7E+12
TTE+1Z
77E+12
.77E+12
77E+12
77E+12
77E¥12
JATE+12
77E+12
77E+12
.77E+12
77E+12
.77E+12
77E+12
A7E+L2
JITE+12
L77E+12 .
J77E+12
L F7E+12
L77E+12

o that because this analysis makes computations of ultimate moment
: caqac1ty and pile response using nonlinéar bending stiffness that the above
" values of total stress.due to combined axial

Computed forces and moments are within specified convergence Timits.

Output summary for Load Case No. 1:

Pile-head deflection
Computed slope at pile head

Maximum bendin%
Maximum shear force
Depth of maximum bendin%
Depth of maximum shear force

Number of iterations

Number of zero deflection points

moment

moment

W uwwunanun

.56138794
-.00179055
10563233.

-138626.856%4

435.60000
475.20000
7
2
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in

1bs-1in

Ths
in
in

gz/g 05-3/ “0F

7 -t -07]

-50
~45
-40
-34
-29
~-7093
-5366
-3893
~2661
~1652

-848.
-227.

233

536.

765

2397.

2512
2343

497

345.
219.

118

37.

-23

- =70,
-104.
~129.

. -148

-162
174
~185

‘stress and bending may not be

2480.

2138,
. 1893.
1630.
1367.
1116.
884.
677.

-196.

.728
.654
.333
.895
.470
745
.738
455
.140
.819
733
388
.626
970
.058
202
.231
089
.637
468
322
691
532
033
386
517
.769
501
615
.005
921
.735
169
520
721
.402
.812
766
.606
158
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Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment, y = pile~head displacment in
Type 2 = Shear and Slope, M = pile-head moment 1hs-in
Type 3 = shear and Rot. stiffness, V = pile-head shear force lbs
Type 4 = Deflection and Moment, S = pile-héad slope, radians
Type 5 = Deflection and Slope, . R = rotational stiffness of pile-headin-1bs/rad
Load Boundary. Boundary Axial Pile Head Pile-Head Pile Head
Type . Cendition Cond1t1on . 'Load Deflection Moment Shear
: 1 : 2 ~1bs in in-1bs Tbs

1 V= 27020. M= 0. 000 : 1305400‘ 5613879 1.0563E+07 —138627.

The analysis ended norma]]y

Page 9
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