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1.0 INTRODUCTION

This report includes the findings of evaluations and recommendations for foundations of the
proposed SR 823 bridge over the Little Scioto River and SR 335 between approximate stations
130+73 and 139+02. This bridge is planned as part of the Portsmouth Bypass project.
Subsurface explorations performed for other features of the project are presented in separate
reports.

Structure borings were planned and drilled for the “approved” type-study configuration based
upon correspondence from the Office of Structural Engineering (OSE), dated January 31, 2007.
The approved configuration consisted of twin four-span structures, with a 50-foot wall retaining
wall at the forward abutment. Subsequent analyses and discussions led to changes in the
design/layout of the proposed bridge. Based upon correspondence from OSE dated December
13, 2007, the preferred configuration will now be a four-span left and five-span right
configuration, A retaining wall, which is approximately 30 feet tall, is proposed at the forward
abutment of the left bridge.

Because of the change in the bridge layout, the borings drilled for the foundations of the
“approved” type-study configuration are no longer located where the currently proposed
foundations are planned. Due to the erratic nature of the subsurface conditions, particularly
north of SR 335, it is strongly recommended that additional borings be drilled for the proposed
foundation elements at Pier 4 and the Forward Abutment before final design is complete. As a
result, the recommendations contained in this report for Pier 4 and the Forward Abutment of the
right structure should be considered preliminary and interim until the subsurface conditions and
recommendations can be verified by additional borings.

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 and the roadway 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.




20 GENERAL PROJECT INFORMATION

The project consists in part of placing twin structures to carry proposed SR 823 over the Little
Scioto River and SR 335. The left structure will be comprised of four spans while the right
structure will consist of five spans. Due to the sloping bedrock surface at the forward abutment
location, the abutment of the right (northbound) structure will be placed further up-station to
eliminate the need for the retaining wall for the right structure.

The currently proposed configuration uses spill through slopes at the rear abutment while a
retaining wall will be required at the forward abutment of the left structure to retain fill material
and contain the abutment.

It is assumed that the maximum height of the embankment at station 130475 (rear abutment) will
be approximately 46 feet. This height is based upon the maximum difference between the
proposed grade of SR 823 and the existing grade, as indicated on the Structure Site Plan,
presented in Appendix L

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 thirteen borings for the proposed structure.
Structure borings TR-30 through TR-35 and TR-35A were drilled for the initial/preliminary
design configuration. These borings were drilled between February 24, 2005 and January 12,
2006. Borings B-39 through B-44 were drilled for the foundations of the “approved” type study
configuration. As mentioned previously, the currently proposed bridge configuration differs
from the “approved” type study configuration. These borings were drilled between May 9 and
21, 2007. The boring locations are presented on the Structure Site Plan, presented in Appendix L
Boring logs are presented in Appendix II. Information concerning the drilling procedures is also
presented in Appendix II

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

4.0 FINDINGS
4.1 Geology of the Site

The project area in Highland Bend generally has gently rolling terrain and is bounded on
either end by steep slopes. The main drainage feature in the valley is the Little Scioto
River, located at approximately station 136+00. The ordinary high water elevation is
reported to be 498.6 feet. The soil consists primarily of alluvial and lacustrine deposits.
The overburden in this area is generally fine-grained soils, which are seventy to ninety




feet deep. The area is located in the Shawnee-Mississippian Plateau, and can be found on
the Minford 7.5-minute Quadrangle.

Bedrock is of the Mississippian Logan Formation. Generally, this formation consists of
primarily sandstone or sandy siltstone with occasional areas of interbedded shale.
However, the lithology of the sandstones varies both laterally and vertically. Within this
area the Logan Formation typically consists of thick, massive sandstone units.

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 IL
Results of Atterburg limits and moisture test results are presented on the boring logs and
results from strength and consolidation testing are presented in Appendix III.

4.2.1 Soil Conditions

Rear Abutment

Boring TR-35A, drilled for the rear abutment of the proposed structure
encountered 3 inches of gravel (driveway) at the ground surface. Below the
surface material, cohesive soils, consisting of silt (A-4b) to clay (A-7-6) were
generally encountered to a depth of 72.0 feet below the ground surface. Below
these layers, fine sand (A-3) was encountered to a depth of 81.0 feet, at the top of
bedrock.

Pier 1

Boring TR-335, drilled for the Pier 1 foundations generally encountered 4 inches of
topsoil at the ground surface. Below the topsoil, cohesive soils, consisting of silt
and clay (A-6a) to clay (A-7-6) were encountered to a depth of 63.0 feet below
the ground surface. Below these layers, cohesionless soils consisting of silt (A-
4b) and sandy silt (A-4a) were encountered to a depth of 80.0 feet, at the top of
bedrock.

Pier 2

Borings TR-33 and B-39, drilled for the Pier 2 foundations generally encountered
2 to 5 inches of topsoil at the ground surface. Below the topsoil, cohesive soils,
consisting of silt (A-4b) and silty clay (A-6b) were encountered to depths ranging
from 19.5 to 21.0 feet below the ground surface. Below these layers, cohesionless
soils, consisting of silt (A-4b) to coarse and fine sand (A-3a) were encountered to
depths ranging from 33.7 to 34.1 feet, at the top of bedrock.

Pier 3

Borings B-40 and B-41, drilled for the Pier 3 foundations generally encountered 4
to 5 inches of topsoil at the ground surface. Below the topsoil, cohesive soils,
consisting of silt (A-4b) to silty clay (A-6b) were encountered to depths ranging
from 40.0 to 48.5 feet below the ground surface. Below these layers, boring B-40




encountered fine sand (A-3) to a depth of 48.5 feet, at the top of bedrock.

However, boring B-41 encountered bedrock below the cohesive soil layers, at a
depth of 40.0 feet.

Pier 4 (right structure only)

Although boring B-43 was drilled for the forward abutment retaining wall of a
previously proposed configuration, this boring will be used to develop interim
recommendations for the Pier 4 Rt foundations. Due to the steeply sloping
bedrock in this area, it is strongly suggested that additional borings be drilled to
verify the location and character of the bedrock in this location prior to finalizing
the bridge design.

Boring B-43 encountered 5 inches of topsoil at the ground surface. Below the
topsoil, medium dense to dense gravel with sand and silt (A-2-4) was encountered
to a depth of 8.0 feet below the ground surface, at the top of weathered bedrock.

Forward Abutment (left structure)

Boring B-42, drilled for the forward abutment of left structure encountered 6
inches of topsoil at the ground surface. Below the topsoil, a thin layer of sandy
silt (A-4a) was encountered to a depth of 2.0 feet below the ground surface, at the
top of weathered bedrock.

Forward Abutment (right structure)

Boring B-44, drilled for the forward abutment of the right structure encountered 4
inches of topsoil at the ground surface. Below the topsoil, sandy silt (A-4a) and
silt (A-4b) was encountered to a depth of 23.5 feet at the top of bedrock. Due to
the steeply sloping bedrock in this area and the rapidly changing subsurface
conditions, it is strongly suggested that additional borings be drilled to verify the
location and character of the bedrock in this location prior to finalizing the bridge
design.

4.2.2 Bedrock Conditions

In the area of the proposed structure, bedrock was confirmed by coring in all
borings. The bedrock consisted of medium hard, moderately to slightly
weathered sandstone. The amount of rock recovered in each core run varied
between 80 and 100 percent, with an average recovery of 99 percent. The rock
quality designation (RQD) of the bedrock ranged between 25 and 100 percent
with an average of 87 percent, indicating “good” quality rock.

Unconfined compressive strength of tested rock cores ranged between 1,590 and
12,571 pounds per square inch (psi). A summary of the unconfined compressive
strength of the tested cores is shown in Table 1. A 30-foot tall retaining wall is
currently proposed at the forward abutment location to retain the fill, and support
the forward abutment of the left bridge. Anticipating the possibility that the
retaining wall foundation 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 III.

_ _T_able 1-Rock Core Test Results

! Unit Weight Unconfined Compressive
Boring i Depth (ft) (pef) g Strength (psi)
B-39 39.9-40.3 143.9 10,509
B-39 44.7-45.3 144.1 10,030
B-40 54.0-54.6 150.1 11,884
B-40 63.0-63 .4 149.4 10,798
B-41 43,9-44.3 152.0 9,810
B-41 53.5-53.9 149.8 12,318
B-42 10.7-11.2 147.7 2,636
B-42 18.6-19.0 149.6 1,590
B-42 30.6-31.0 139.6 11,230
B-42 36.0-36.5 141.2 10,898
B-43 13.4-13.9 138.6 7,886
B-43 18.1-18.7 151.9 11,204
B-43 25.0-25.5 149.8 10,575
B-43 31.4-31.8 151.7 12,571
B-44 39.5-40.0 135.0 10,256
B-44 34.5-35.0 144.5 9,714

4.2.3 Groundwater Conditions

Borings B-39 through B-41, TR-32 through TR-35, and TR-35, drilled for the rear
abutment, Pier 1, Pier 2, and Pier 3 encountered seepage. Where seepage was
encountered, it was first observed at depths ranging from 4.0 to 34.7 feet below
the ground surface. Water was used during rock coring, which masked any
seepage zones that might exist in the rock. A measurable water level in the
borings prior to rock coring was encountered in borings B-39, B-41, and TR-32
through TR-35, and TR-35A. In these borings, water levels prior to coring rock
were observed from approximate depths of 7.0 and 67.8 feet below the ground
surface. Measurable water levels, upon the completion of coring, were present in
all borings from approximate depths of 23.5 and 43.7 feet below the ground
surface. It should be noted that the final water levels included drilling water, 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.



50 CONCLUSIONS AND RECOMMENDATIONS

The Highland Bend area traverses a fairly wide valley with deep, highly compressible soils. A
series of three bridges, including the SR 823 Bridge over the Little Scioto River and SR 335, are
proposed to be constructed across the valley. Three new embankment sections are also proposed
between approximate station 105+75 and station 1304+73. The findings pertaining to the
embankment sections are presented in a report titled “Report of Subsurface Exploration for
Proposed Highland Bend Roadway Embankments”, dated August 2, 2007, prepared by DLZ.
This report will be referred to as “Highland Bend Report” hereafter. Note that the
recommendations made pertaining to these adjacent embankment sections were also considered
in the analyses of the SR 823 Bridge over the Little Scioto River and SR 335. Calculations are
presented in Appendix IV,

Because of the change in the bridge layout, the borings drilled for the foundations of the
“approved” type-study configuration are no longer located where the currently proposed
foundations are planned. Due to the erratic nature of the subsurface conditions, particularly
north of SR 335, it is strongly recommended that additional borings be drilled for the proposed
foundation elements at Pier 4 and the Forward Abutment before final design is complete. As a
result, the recommendations contained in this report for Pier 4 and the Forward Abutment of the
right structure should be considered preliminary and interim until the subsurface conditions and
recommendations can be verified by additional borings.

5.1 General Foundation Recommendations

After the type-study review, it was determined that twin, four-span structures should be
used to traverse the Little Scioto River and SR 335. However, it is understood that the
high estimated construction costs for the tall (approximately 50 feet) abutment retaining
wall and associated foundations led to a design change. Due to the sloping bedrock near
the forward abutment location, the right (northbound) structure was lengthened in order
to reduce the required height of a retaining wall to be positioned at the forward abutment.
Consequently, the left (southbound) structure will be 4-span, while the right (northbound)
structure will be 5-span. This newly proposed design places the forward abutment of the
left bridge at approximate station 138+99. Similarly, for the right bridge, Pier 4 and the
forward abutment will be placed at approximate stations 138475 and 140427,
respectively.

It is understood that driven piles are preferred to support the rear abutment and Pier 1 of
the proposed bridge. However, drilled shafts, founded in sandstone bedrock are preferred
to support Piers 2 and 3 of the proposed bridge. Pier 4 of the right bridge may be
supported using either a spread footing or system of drilled shafts, bearing on bedrock.

At the forward abutment for the left bridge, it is understood that drilled shafts will be
used to support the abutment as well as resist lateral loads applied to the proposed
abutment retaining wall.




The retaining backwall, running essentially parallel to the alignment, will be situated on a
sloping bedrock surface. Based upon the available boring information, it is likely that a
portion of the retaining wall may be supported on spread footings founded in rock, while
the remaining portion will be supported on drilled shafts, founded in rock.

A summary of the bridge foundation recommendations is presented in Table 2. It should
be noted that the bedrock surface varies widely across the project area. If the subsurface
conditions encountered while installing the foundations are different than those assumed,
the actual bearing elevations may differ from those cited in Table 2.

Table 2 - Summary of Foundation Recommendations

Existing
Structural Structure / (S}round Foundation Approx.l mals Allow?blg
Element Boring “rf?."" Type Bt;armg ; Beam-]g :
Elevation Elevation *(Feet) | Capacity
*(Feet) _
Rear Left / TR-35A 554.6 HP 14X73 piles 473.6 95 tons
Abutment | Right/TR-35A 554.6 HP 14X73 piles 473.6 05 tons
Pier 1 Left / TR-35 552.8 HP 14X73 piles 472.8 95 tons
Right / TR-35 552.8 HP 14X73 piles 472.8 95 tons
Pier 2 Left / TR-33 502.7 Drilled Shafts 463.6 80 ksf"
Right / B-39 508.0 Drilled Shafts 466.7 80 ksf"
Pier 3 Left / B-40 529.0 Drilled Shafts “471.5 80 ksf*
Right / B-41 518.9 Drilled Shafts 470.9 80 ksf*
Drilled Shafts “Variable 80 ksf"
Pier 4 Right / B-43 Variable SpF&:ad++ 5576 20 ksf
Footings
Forward Left / B-42 Variable Drilled Shafts “ Variable “ Variable
Abutment | Right/B-44 Variable | Drilled Shafts ) Variable ) Variable

"Cited elevations are encountered at the boring locations except where cited.
*Allowable end bearing capacity only. Refer to subsequent sections for additional details.

++Elevation based upon interpolation using all available boring and contour information.

(Minimum rack socket length of 8 ft. Refer fo Section 5.4.

@Minimum rock socket length of 9 ft and 8 ft, left and right structures, respectively. Refer to Section 5.5.
@Minimum rock socket length of 7 ft. Refer to Section 5.6.

{MENnd bearing and side friction varies with depth. Refer to Sections 6.7 and 5.9.

(B)Minimum rock socket length of 7 ft. End bearing and side friction varies with depth. Refer to Section 5.8.

5.2  Bridge Foundation Recommendations — Rear Abutment (L & R)

Based upon the Structure Site Plan drawings, it is understood that the rear abutment of
the proposed bridge will be placed at station 130+73.

With respect to the foundation and settlement analyses, the subsurface conditions
encountered by boring TR-35A were assumed to be representative of conditions in the
vicinity of the rear abutment. Based upon the subsurface conditions encountered by the
borings, it is recommended that driven piles be used to support the rear abutment of the
proposed structure. The use of HP 12x53, HP 14x73, 14-inch CIP, and 16-inch CIP piles



were analyzed. The results of static analyses indicate that the piles will develop the
required ultimate resistance as friction piles. However, because bedrock is within 10 to
16 feet below the estimated pile tip elevations, it is recommended that consideration be
given to driving piles to the top of bedrock, at approximate elevation 473.6. If piles are
driven to bedrock, it is recommended that HP 12x53 or HP 14x73 piles be used. At this
time, uplift is not anticipated at the rear abutment location. However, if required, the
allowable uplift capacity of the piles can be provided upon request.

Although the underlying bedrock is hard, because the piles will be driven through new
embankment fill as well as approximately 81 feet of in-situ soils, the use of reinforced
piles points may not be necessary according to ODOT’s Bridge Design Manual.

It should also be noted that the borings encountered fine sand and silt layers. When
saturated, these layers may produce exaggerated blow counts during pile driving which
do not reflect the actual load carrying ability of the strata. Therefore, piles should be
driven to refusal, and then redriven to refusal after the excess pore pressures near the pile
tip have had time to dissipate (usually less than 24 hours).

It is assumed that spill-through slopes characterized by 2.5H:1V or flatter slopes will be
used at the rear abutment location. Based upon the provided Structure Site Plans, the
maximum height of the embankment at the proposed rear abutment is assumed to be
approximately 46 feet. The proposed embankment should be built using staged
construction as mentioned in Section 5.12 of this report, and according to the
recommendations cited in the Highland Bend Report.

The in-situ foundation soils will consolidate under the influence of the new embankment
fill. Settlement calculations indicate that approximately 37 inches of settlement will
occur at the rear abutment location. Time-rate of settlement calculations indicate that the
in-situ foundation soils would consolidate to ninety percent (U=90%) in approximately 6
years without wick drains or other means to accelerate the consolidation process.
However, due to the need for staged construction of the Highland Bend mainline
embankments, it is anticipated that wick drains will be used under the embankment at the
proposed rear abutment.

To prevent downdrag forces from reducing the allowable capacity of the piles, it is
recommended that a waiting period be observed prior to driving piles at the rear abutment
location. Calculations indicate that piles should not be driven until approximately 99
percent of total primary consolidation has occurred. Estimates of the time to 90 and 95
percent consolidation (with wick drains) are presented in Table 3. However, it should be
noted that these values are estimates only. Time-rate of consolidation estimates,
particularly with the use of wick drains beyond 90 percent are unreliable. Additionally,
the staged construction of this embankment further complicates the determination of the
time required to reach a specified percentage of consolidation. The ODOT construction
representative responsible for monitoring the settlement platforms and pore pressures in
the foundation soils should determine when approximately 99 percent consolidation has
occurred, and modify the required waiting period accordingly.




Table 3 — Time rate of Consolidation Estimates Using Wick Drains

Location s %ie;‘t)t!ement ' gz ;:l:n];r(?;;‘* toy (days) tos (days)
5 35 50
Rear Abutment 37 7 65 95
9 105 150

¥ Assumes triangular grid spacing. See Highland Bend Embankment Report (8-2-07) for details.
* Settlement due to embankment loading only.

53 Bridge Foundation Recommendations — Pier 1 (L & R)

Based upon the Structure Site Plan drawings, it is understood that Pier 1 of the proposed
bridges will be placed at approximate stations 132438 and 132425 for the left and right
structures, respectively.

Borings TR-35 and TR-35A were both considered in the evaluation of the Pier 1
foundations. However, with respect to the foundation and settlement analyses, the
subsurface conditions encountered by boring TR-35A were assumed to be representative
of conditions in the vicinity of the Pier 1. Based upon the subsurface conditions
encountered by the borings, it is recommended that driven piles be used to support Pier 1
of the proposed left and right structures. The use of HP 12x53, HP 14x73, 14-inch CIP,
and 16-inch CIP piles were analyzed. The results of static analyses indicate that the piles
will develop the required ultimate resistance as friction piles. However, because bedrock
is within 9 to 15 feet below the estimated pile tip elevations, it is recommended that
consideration be given to driving piles to the top of bedrock, at approximate elevation
472.8. If piles are driven to bedrock, it is recommended that HP 12x53 or HP 14x73 piles
be used. At this time, uplift is not anticipated at the rear abutment location. However, if
required, the allowable uplift capacity of the piles can be provided upon request.

Although the underlying bedrock is hard, because the piles will be driven through new
embankment fill as well as approximately 80 feet of in-situ soils, the use of reinforced
piles points may not be necessary according to ODOT’s Bridge Design Manual.

Because no embankment fill will be placed near the Pier 1 location, the effect of
downdrag forces acting on the piles is considered to be negligible, and does not need to
be accounted for. Consequently, no waiting period will be required prior to driving piles
at the Pier 1 location.

It should be noted that the borings encountered fine sand and silt layers. When saturated,
these layers may produce exaggerated blow counts during pile driving which do not
reflect the actual load carrying ability of the strata. Therefore, if piles are not driven to
bedrock, piles should be driven to refusal, and then redriven to refusal after the excess
pore pressures near the pile tip have had time to dissipate (usually less than 24 hours).



5.4  Bridge Foundation Recommendations — Pier 2 (L. & R)

Based upon the Structure Site Plan drawings, it is understood that Pier 2 of the proposed
bridges will be placed at approximate stations 134+41 and 134+25 for the left and right
structures, respectively.

Based upon the subsurface conditions encountered by the borings and the anticipated
loading conditions at Pier 2, it is recommended that a system of drilled shafts be used to
support Pier 2 of the proposed left and right structures. The drilled shafts should be
founded in the underlying moderately to slightly weathered sandstone bedrock.
Assuming a minimum rock socket length of 8 feet for both the left and right piers, the
drilled shafts may be designed using an allowable bearing pressure of 80 ksf (40 tsf). A
layer of highly weathered, argillaceous sandstone was encountered at the top of rock.
The required minimum 8-foot embedment into the rock is intended to place the drilled
shaft tips approximately 1 foot below the weathered, argillaceous zone encountered in the
borings. The recommended embedment depth (for end-bearing support) was determined
by plotting the top of rock and weathered zones within the rock on cross section
drawings. Considering the sloping bedrock and variable thickness of the weathered zone,
a minimum recommended embedment was selected to ensure uniform bearing material is
encountered at the proposed drilled shaft tip elevations.

Alternatively, drilled shafts may be designed as friction-type shafts. Neglecting the
overburden and upper two feet of the rock socket, an allowable sidewall shear
stress/adhesion of 7,500 pounds per square foot (psf) may be used for the rock socket.

5.5  Bridge Foundation Recommendations — Pier 3 (L. & R)

Based upon the Structure Site Plan drawings, it is understood that Pier 3 of the proposed
bridges will be placed at approximate stations 136+96 and 136+75 for the left and right
structures, respectively.

Based upon the subsurface conditions encountered by the borings and the anticipated
loading conditions at Pier 3, it is recommended that a system of drilled shafts be used to
support Pier 3 of the proposed left and right structures. The drilled shafts should be
founded in the underlying moderately weathered sandstone bedrock. Assuming a
minimum rock socket length of 9 feet and 8 feet for the left and right pier foundations,
respectively, the drilled shafts may be designed using an allowable bearing pressure of 80
ksf (40 tsf). A layer of highly weathered, argillaceous sandstone was encountered at the
top of rock. The required minimum embedment into the rock is intended to place the
drilled shaft tips approximately 1 foot below the weathered, argillaceous zone
encountered in the borings. The recommended embedment depth (for end-bearing
support) was determined by plotting the top of rock and weathered zones within the rock
on cross section drawings. Considering the sloping bedrock and variable thickness of the
weathered zone, a minimum recommended embedment was selected to ensure uniform
bearing material is encountered at the proposed drilled shaft tip elevations.
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If adequate axial capacity cannot be developed with reasonable shaft diameter, drilled
shafts could be designed as friction-type shafts. Neglecting the overburden and upper
two feet of the rock socket, an allowable sidewall shear stress/adhesion of 7,500 pounds
per square foot (psf) may be used for the rock socket.

Given the Pier 3 plan locations, it is anticipated that significant excavations will be
required to construct the foundations and pier columns. Due to the proximity of Pier 3 to
the Little Scioto River and SR 335, a temporary retaining wall will likely be required.

For information concerning any temporary retaining structure at Pier 3, refer to Section
5.11.

5.6  Bridge Foundation Recommendations — Pier 4 (R)

It is understood that Pier 4 of the right bridge will be placed at approximate station
138+75. It should be noted that the previous bridge configuration placed the forward
abutment near this location. In addition, a retaining wall approximately 50 feet tall was
proposed to retain the fill at the right corner of the abutment. The foundations needed to
support the abutment and resist the lateral loads generated by such a high wall needed to
be very large, and heavily reinforced against shear failure. As a result, representatives of
ODOT’s Office of Structural Engineering and Transystems decided to extend the right
bridge structure to reduce the height of the abutment retaining wall.

Based upon subsurface conditions encountered by the borings and the anticipated loading
conditions, a spread footing founded on moderately weathered sandstone bedrock could
be considered to support Pier 4 of the right bridge. The Structure Site Plan, provided by
Transystems indicates that the proposed bottom of footing should be placed at elevation
565.0. Although a boring was not drilled specifically for this new pier location, an
approximate top of rock profile was estimated based upon available boring information
and contour mapping. Based upon the available information, the right-rear corner of the
footing will encounter the top of rock at the lowest elevation, at approximately elevation
559.6. Based upon the information from the adjacent borings, it is anticipated that a layer
of severely weathered bedrock, which is approximately 2 feet thick is present at the Pier 4
location. If the footing is not stepped, the bottom of the footing should be placed at
approximate elevation 557.6. Consequently, the recommended footing elevation reflects
an embedment into the bedrock of approximately 2 feet. The spread footing at the
anticipated bearing elevation (557.6) may be designed using an allowable bearing
pressure of 20 ksf (10 tsf). For resistance against sliding, the coefficient of friction
between the rock and concrete may be taken to be 0.55. Higher values of the friction
coefficient could be used for this type of rock. However, due to the sloping bedrock
surface and the potential for laminations and clay filled factures to control the sliding
condition, a lower value was conservatively selected.

Note that due to sloping bedrock surface, the bearing depth, below the top of rock, could

vary from approximately 2 feet to over 20 feet. As a result, the weathering and strength
characteristics of the rock will vary across the footing,
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It should be anticipated that due to the sloping ground surface excavations in rock as deep
as 23 feet or more may be required at the left-forward corner of the proposed footing.
This deep could reduce the geotechnical resistance of the drilled shafts supporting the
proposed forward abutment retaining wall of the left structure. If spread footings are
considered, additional borings at the Pier 4 location are necessary to determine the top of
bedrock elevations.

Alternatively, it is recommended that Pier 4 be supported using a system of drilled shafts.
The use of drilled shafts to support the pier would avoid the detrimental effect of possible
deep footing excavations as indicated in the previous paragraph. The drilled shafts
should be founded in the underlying sandstone bedrock. Assuming a minimum rock
socket length of 7 feet, the drilled shafts may be designed using an allowable bearing
pressure of 80 ksf (40 sf). A 2-foot thick layer of weathered sandstone was encountered
at the top of rock. The required minimum 7-foot embedment into the rock is intended to
place the drilled shafts 5 feet into the competent bedrock.

If adequate axial capacity cannot be developed with reasonable shaft diameter, drilled
shafts could be designed as friction-type shafts. Neglecting the overburden and upper
two feet of the rock socket, an allowable sidewall shear stress/adhesion of 7,500 pounds
per square foot (psf) may be used for the rock socket.

5.7  Bridge Foundation Recommendations — Forward Abutment (L)

It is understood that the forward abutment of the left bridge will be placed at approximate
station 138+99. Also, a retaining wall will be required at the abutment to contain the new
embankment fill (at the proposed abutment) as the roadway transitions into a rock cut.
From the plans, it is understood that the maximum height of the currently proposed
retaining walls is approximately 30 feet. Given the sloping bedrock surface, and the
anticipated high lateral loads acting on the walls, drilled shafts socketed into bedrock are
considered well suited to support the proposed retaining walls.

Because of the forces generated by the retained fill, the drilled shafts needed to be
analyzed under the influence of the lateral loading. The results of the GROUP analyses
and the detailed drilled shaft recommendations are presented in Section 5.10 of this
repott.

5.8  Bridge Foundation Recommendations — Forward Abutment (R)

It is understood that the forward abutment of the right bridge will be placed at
approximate station 140+25. While most of the slope in this area is under a thin soil
cover (less than 5 feet), boring B-44 encountered slightly cohesive socils consisting of
sandy silt (A-4a) and silt (A-4b) to a depth of 23.5 feet.

Based upon the available boring information and contour mapping it is recommended that
the forward abutment for the right bridge structure be supported using drilled shafts,
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socketed into the sandstone bedrock. The use of spread footings was considered to
support the abutment., However, the bedrock surface slopes downward, moving from left
to right along the proposed abutment. The anticipated bedrock contact from the left to
right along the abutment indicates a change in elevation of approximately 50 feet.
Consequently, spread footings are not well suited for the site conditions found at the
proposed forward abutment location.

The drilled shafts should be founded in competent sandstone bedrock. Due to the sloping
and irregular bedrock surface, it is recommended that end-bearing drilled shafts be
embedded 7.0 feet into the competent bedrock Assuming a minimum rock socket length
(in competent rock) of 7.0 feet, the drilled shafts may be designed using an allowable
bearing pressure of 80 ksf (40 tsf).

If adequate axial capacity cannot be developed with reasonable shaft diameter, drilled
shafts could be designed as friction-type shafts. If designed as friction-type shafts, the
side resistance in the upper two feet of the rock socket should be ignored. For portions of
drilled shaft rock sockets above elevation 582.5, the drilled shaft capacity may be
calculated based upon an allowable sidewall shear stress/adhesion of 4500 psf. Similarly,
below elevation 582.5, the drilled shaft capacity may be calculated based upon an
allowable sidewall shear stress/adhesion of 7500 psf. The side resistance in the
overburden and upper two feet of the rock socket should be neglected.

For drilled shafts subject to uplift (tension), the drilled shafts should use an allowable
uplift sidewall resistance relative to the shaft elevation. For portions of drilled shaft rock
sockets above elevation 582.5, the drilled shaft uplift capacity may be calculated based
upon an allowable sidewall shear stress/adhesion 3,000 psf. Similarly, below elevation
582.5, the drilled shaft uplift capacity may be calculated based upon an allowable
sidewall shear stress/adhesion of 5,000 psf. See attached calculations presented in
Appendix IV.

5.9 Forward Abutment Retaining Wall (L)

It is understood that a retaining wall system will be required at the forward abutment
location of the proposed left bridge. Based upon the provided drawings, it is understood
that the maximum height of the proposed retaining wall system will be approximately 30
feet. Furthermore, it is understood that additional separation has been provided between
the left and right bridges to allow modest amounts of deflection at the top of the proposed
retaining wall. The intention is to mobilize the active earth pressure acting on the
proposed retaining wall system and limit the size and number of foundation elements
required to support the proposed wall. For the purposes of the analyses, it was assumed
that the retaining wall was flexible enough to mobilize active earth pressures.

Based on information obtained from the borings and wall details provided by
Transystems, it was acknowledged that the drilled shafts at the intersection of the forward
abutment retaining wall and forward abutment backwall will penetrate approximately 5
feet of weathered sandstone before encountering competent bedrock. It should be noted
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that the strength characteristics of the sandstone bedrock vary with elevation across the
site. Boring B-42 encountered broken, weaker sandstone from elevation 603.6 to 582.5.
Below elevation 582.5, borings B-42 and B-43 generally encountered more competent
sandstone. Please refer to the boring logs presented in Appendix II for more information.

Previously, analyses were performed to determine the required size and spacing of a
single row of drilled shafts to support the proposed 50-foot tall retaining walls (from
previous “type-study” configuration). These analyses indicated that a single row of
drilled shafts (of reasonable size) could not resist the lateral earth pressures that are
generated by the high fills. It is understood that the limiting condition in this case was
structural capacity of the drilled shafts in shear resistance.

Analysis of this drilled shaft foundation system was performed by DLZ using GROUP
Version 6.0 from Ensoft, Inc. GROUP is a program well suited for the analysis of
multiple laterally loaded piles and/or drilled shafts and takes into account the interaction
between axial loads and bending moments in the foundation elements. Loads from the
actual bridge superstructure were provided by TranSystems; other loads, such as lateral
earth pressures, were developed by DLZ based in part on information provided by
TranSystems (i.e. wall dimensions).

For the purposes of these analyses, it was assumed that Pier 4, of the right structure
would be supported on drilled shafts, socketed into bedrock. If spread footings were used
to support Pier 4, the footing excavation could potentially destabilize the up-slope rock
mass, which the drilled shafts supporting the retaining wall and left abutment are to be
socketed into. Consequently, if spread footings are used to support Pier 4, DLZ should
be notified so that the pertinent conclusions and recommendations may be modified as
required.

Tables 4 and 5 outline the assumed parameters for the backfill material and the sandstone
bedrock. For additional information, refer to the boring logs and the results of the

laboratory testing, presented in Appendices II and IIL, respectively.

Table 4 —Assumed Fill Parameters, Forward Abutment (L)

Unit Submerged Effective Active At-rest
Soil | Weight Unit Weight Friction Pressure Pressure
(pcf) | {pcf) Angle (deg) | Coefficient Coefficient
Retained Fill 125 62.6 30 ;.33 0.50

Table 5 —Assumed Bedrock Parameters, Forward Abutment (L)
Unit Submerged '

Soil | Weight | Unit Weight | Sl‘fj“g qas) | Epsd
_ (peH) (pef) -
“Upper Bedrock 145 82.6 0.55 1600 3.99x 10°
"Lower Bedrock 145 82.6 0.55 10000 2.2x 10°

¥ Upper Bedrock is considered above elevation 582.5.
¥ Lower Bedrock is considered below elevation 582.5.
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Results of Abutment Backwall Analyses — Drilled Shafts

Based upon the geotechnical resistance, the results of these analyses indicate that 48-inch
diameter drilled shafts using 2.5D or 10-foot center-to-center spacing may be used to
support the abutment backwall (perpendicular to the alignment). The analyses were
performed for the design proposed by Transystems, which includes two rows of five
drilled shafts. Analyses indicate that a maximum unfactored shear force of 131 kips is
anticipated in each drilled shaft supporting the abutment retaining wall. Similarly, the
maximum unfactored bending moment per shaft supporting the abutment retaining wall is
anticipated to be 204 kip-ft. The unfactored axial load per shaft was found to range from
approximately 811 to 102 kips, for the down-station and up-station rows, respectively.
Based on the GROUP analyses, to resist the applied moment and shear forces, the
minimum required embedment into rock should be 18 feet for the drilled shafis
supporting the abutment backwall.

Results of Retaining Wall Analyses — Drilled Shafts

Analyses were also performed for the retaining wall (parallel to alignment) from station
139400 to 139+65 for the left bridge. Because the larger (48-inch) drilled shafts
supporting the abutment backwall will also support the corner of the retaining wall, it was
assumed the retaining wall section begins at approximately station 139+15. Analyses
indicated that 36-inch diameter drilled shafts using 3.33D or 10-foot center-to-center
spacing may be used to support the highest portions of the retaining wall (parailel to the
alignment). The analyses were performed for the proposed design, which includes two
rows of five drilled shafts. Analyses indicate that a maximum unfactored shear force of
137 kips is anticipated in each drilled shaft supporting the retaining wall. Similarly, the
maximum unfactored bending moment per shaft supporting the abutment retaining wall is
anticipated to be 111 kip-ft. The unfactored axial load per shaft was found to range from
approximately 584 to -4 kips (uplift), for the left and right rows, respectively. Based on
the GROUP analyses, to resist the applied moment and shear forces, the minimum
required embedment into rock should be 15 feet for the drilled shafts supporting the
retaining wall.

Results Stability Analyses — Wall on Spread Footings

From the provided plans, it is understood that a portion of the retaining wall (parallel to
the alignment) is planned to be supported using spread footings, founded in sandstone
bedrock. This portion of the retaining wall, from approximate stations 139+65 to 140428
has been analyzed for stability (overturning and sliding). The maximum height of this
portion of wall (section A-A) was assumed to be 20.3 feet, which includes the footing
thickness. The plans included in Appendix I present the details of the proposed wall
section. The factor of safety against overturning was found to be 3.1, which is well
above the minimum required factor of safety of 2.0. Similarly, the factor of safety
against sliding was found to be 1.7, which is also above the minimum required factor of
safety of 1.5. These analyses indicate that the stability of the proposed wall is adequate.
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Spread footings supporting this retaining wall may be designed using an allowable
bearing pressure of 20 ksf (10 tsf). It is recommended that a minimum footing width of 4
feet be used to bridge over any discontinuities that may be present in the bedrock surface.

Additional Drilled Shaft Recommendations — Abutment Retaining Wall System

For drilled shafts in compression and founded in competent rock, an allowable bearing
pressure of 80 ksf may be used. However, in cases where the allowable bearing pressure
is exceeded, designing the drilled shafts as friction-type drilled shafts may provide the
axial capacity. The previously cited minimum required embedment depth is based upon
geotechnical resistance to the applied lateral loads. Sufficient axial capacity should be
attained using this required socket length. However, the required socket length may be
increased if necessary to achieve adequate axial capacity.

If designed as friction-type shafts, the side resistance in the upper five feet of the rock
socket should be ignored. For portions of drilled shaft rock sockets from elevation 603.6
to 582.5, the drilled shaft capacity may be calculated based upon an allowable sidewall
shear stress/adhesion of 4500 psf. Similarly, from elevation 582.5 and below, the drilled
shaft capacity may be calculated based upon an allowable sidewall shear stress/adhesion
of 7500 psf.

As planned, some of the drilled shafts are expected to be subject to small amounts of
permanent uplift. For drilled shafts subject to uplift (tension), the drilled shafts should
use an allowable uplift sidewall resistance relative to the shaft elevation. The side
resistance in the upper five feet of the rock socket should be ignored. For portions of
drilled shaft rock sockets above elevation 582.5, the drilled shaft uplift capacity may be
calculated based upon an allowable sidewall shear stress/adhesion of 3,000 psf.
Similarly, below elevation 582.5, the drilled shaft uplift capacity may be calculated based
upon an allowable sidewall shear stress/adhesion of 5,000 psf.

It should be noted that while the proposed foundation/retaining wall system was analyzed
for geotechnical stability, the structural design of the foundation elements will be
performed by others. Due to the iterative nature of the design process, it was necessary
for DLZ to make certain assumptions regarding the rigidity of the drilled shafts. The
structural engineer is responsible for determining whether or not the various structural
components (e.g. drilled shafts, footings, retaining walls, etc.) can be designed to resist
the applied loads.

5.10 Drilled Shaft Foundations — General Recommendations

For drilled shafts founded in rock, FHWA guidelines allow the resistance provided by
shear stress developed along the length of the drilled shaft, or side resistance, to be
combined with the resistance provided by end bearing when determining the total axial
capacity of the drilled shaft. It is reasonable to add portions of side resistance and end
bearing when it can be demonstrated by load testing that the rock along the sides of the
socket behaves in a ductile manner. Because site-specific dilatometer or load test data is
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not available, it is recommended that the designer assume that the rock will behave in a
brittle manner. Consequently, the drilled shaft capacity should be based upon end
bearing or side friction whichever is greater.

For drilled shafts subject to uplift, unit side resistance may be used to calculate the
allowable uplift capacity of the drilled shaft. The allowable uplift capacity can be
calculated by multiplying the unit side resistance by 0.7.

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 when
exposed to water or left to desiccate, losing its strength. 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.

5.11 Temporary Retaining Wall - Pier 3
Because of the proximity of Pier 3 to existing SR 335, it is anticipated that a temporary
retaining wall will be required to facilitate the construction of the foundations and pier

columns in order to leave SR 335 open for traffic. Due to the anticipated function of the
retaining wall, it will likely be temporary (service life of 3 years or less) in nature.
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It is understood that the bottom of the footing / cap will be approximately elevation
504.3, and 500.0 for the left and right bridges, respectively. From the provided site plan
and contour mapping, the elevation of SR 335 near Pier 3 is approximately 535.
Consequently, a retained height of at least 31 feet is anticipated. Boring B-40, drilled in
the area of Pier 3 encountered the top of sandstone bedrock at approximate elevation
480.5. As a result, approximately 55 feet of soil overburden is anticipated at the wall
location. Soil parameters for the design of the retaining wall system are presented in
Table 6. These parameters are provided based upon conditions encountered in borings
B-40, B-41, and TR-32.

Table 6 — Sheet Pile Retaining Wall Parameters, Pier 3

Elevati MOE‘St | Submerged | Undrained _Eff'ec.twe TActive At-rest “Passive

evation | Unit Unie We okt | Coles Friction P b p

(tt) Weight Jmit Weight | Cohesion Angle . re%:wSu-re ; ref?sqre - ref;su_re
(peD) (pcf) (psf) (oe) oefficient | Coefficient | Coefficient

535 - 502 125 62.6 750 28 0.33 0.53 2.97

502 - 480 125 62.6 1500 28 0.33 0.53 2.77

* Lateral Earth Pressure Coefficient calculated as per Coulomb including wall friction.
** Lateral Earth Pressure Coefficients calculated as per Rankine.

Because of the anticipated height of the retaining structure, it may be necessary to “tie-
back” the wall using rock anchors to control the deflections and provide stability to the
wall system. Based upon published guidelines from the U.S. Army Corps of Engineers
(EM 1110-1-2907) and the Post-Tensioning Institute (PTI) “Recommendations for
Prestressed Rock and Soil Anchors”, the ultimate bond stress in competent sandstone
generally ranges from 120 to 250 pounds per square inch (psi). Preliminary design
should use a tentative ultimate bond stress of 185 psi. This value is provided as an
estimate for preliminary design only. As per PTI, the working bond stress used to
determine the bond length is normally 25 to 50 percent of the ultimate bond stress. Also,
for normal applications, the bond length should not be less than 10 feet and the unbonded
(free) length should not be less than 15 feet. The Contractor must verify the final design
assumptions by conducting performance tests prior to installation of the production
anchors. It is recommended that special provisions be produced for the design, field-
testing, and installation of the tieback anchors which will likely be required for this
retaining wall. Once a design has been finalized, special provisions should be produced
for the proposed retaining wall and tieback anchors. DLZ should also have the
opportunity to review the special provisions.

It should be noted that the top of bedrock slopes upward to the northwest of the Pier 3
location. Although the approximate top of bedrock can be estimated from the available
borings at the Pier 3 location (B-40 and B-41) and at the forward abutment/Pier 4
location (B-42 and B-43), it is recommended that additional borings be drilled to
determine the bedrock contact location/elevation along the length of the anchors.
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5.12 Embankment Stability Analysis

In the area of the proposed rear abutment, the terrain slopes into the riverbed of the Little
Scioto River. The in-situ soils consist of primarily fine-grained soils consisting of silt
(A-4b) and clay (A-7-6). Near the river, borings indicate that the soil strata are
discontinuous with varying consistency, shear strengths, and moisture contents.

It should be noted that previous design configurations consisted of a 44-foot embankment
with 2:1 slopes. The proposed rear abutment would be placed at approximately station
132+20. The proposed toe of the roadway embankment would be at approximately
station 132+80. This will place the toe at the crest of the existing bank, which stability is
a concern. Amnalyses indicate that the previous configurations have a factor of safety
below the recommended minimum value for undrained and drained global stability.
Consequently, several embankment configurations were evaluated to ensure that a stable
embankment would be provided at the rear abutment. Based upon geotechnical analyses,
representatives of ODOT and Transystems have indicated that the preferred option is to
reposition the rear abutment down-station to approximate station 130+73 in order to
provide a stable approach embankment. The spill through and side slopes should be
constructed using 2.5H:1V slopes. In addition, the embankments shouid be constructed
using staged construction as outlined in the Report of Subsurface Exploration for
Proposed Highland Bend Roadway Embankments, dated August 2, 2007. Additional
details regarding these preliminary global stability analyses can be found in a letter titled
“Addendum to Proposed Highland Bend Embankment Report, Preliminary Retaining
Wall Options and Spill Through Slopes, Little Scioto River Structure”, dated June 29,
2006.

The currently proposed configuration places the rear abutment at station 130+75. See the
Structure Site Plan included in Appendix I. The currently proposed embankment
configuration is acceptable provided that the approach embankments are constructed as
per the recommendations provided in the Report of Subsurface Exploration for Proposed
Highland Bend Roadway Embankments, dated August 2, 2007. The spill through and
side slopes should be constructed using 2.5H:1V slopes. Staged construction of the
embankments is required for the embankments contained in the Highland Bend Valley.
The associated details are presented in the above-referenced report.

The in-situ foundation soils will consolidate under the influence of the new embankment
fill. Settlement calculations indicate that approximately 37 inches of settlement will
occur at the rear abutment location. Time-rate of settlement calculations indicate that the
in-situ foundation soils would consolidate to ninety percent (U=90%) in approximately 6
years without wick drains or other means to accelerate the consolidation process.
However, due to the need for staged construction of the Highland Bend mainline
embankments, it is anticipated that wick drains will be used under the embankment at the
proposed rear abutment. Time-rate of consolidation estimates using wick drains are
provided in Table 3.

19




It is recommended that pore pressures and settlements be monitored via vibrating wire
piezometers and settlement platforms during construction operations. An instrumentation
plan and associated details are presented in the Highland Bend Report. Please refer to
this document for additional information.

5.13 Scour Analyses

Particle-size analyses were performed on several of the samples collected within the
floodplain for possible scour analysis. Piers 2 and 3 of the proposed structures are
located within the Little Scioto River flood plain. Table 7, presents the sample locations
and the Dsy and Dgs sizes from select particle size analyses. For additional results of the
pertinent particle-size analyses, refer to the grain-size reports, presented in Appendix IIL

Table 7 — Particle-Size Distribution Results for Scour Analyses, Pier 3

Borin : Sample Depth ODOT ;
Numbfr Elevation (ft.) (ft) s Dgs (mm) Dso (mm)
3.5 A-6b 0.0320 0.0095
8.5 A-6a 0.0475 0.0092
10.0 A-4b 0.0579 0.0118
B S0 135 Ada 0.2230 0.0427
21.0 A-4b 0.1090 0.0243
26.0 A-4b 0.2040 0.0461
3.5 A-6b 0.0318 0.0070
8.5 A-6a 0.0373 0.0111
13.5 A-4b 0.0800 0.0224
B-40 529.0 18.5 A-4b 0.0538 0.0178
20.0 A-4b 0.0447 0.0172
26.0 A-4b 0.5190 0.0277
38.5 A-da 0.9670 0.0422

5.14 Groundwater Considerations

At the rear abutment, boring TR-35A first encountered seepage at a depth of 24.5 feet
below the ground surface. Under the current design, little excavation, if any, is
anticipated at the rear abutment location. Consequently, seepage and groundwater are not
likely to impact any excavations at the rear abutment.

In the area of Pier 1, boring TR-35 first encountered seepage at a depth of 7.0 feet below
the ground surface, or elevation 545.8. The bottom of the pile cap is understood to be
approximate elevation 546.6. The contractor may encounter minor seepage while
excavating for the pile cap at the Pier 1 location. Deeper excavations would encounter
more significant seepage.

In the area of Pier 2, boring TR-33 first encountered seepage at a depth of 5.5 feet below
the ground surface, or elevation 497.2. The bottom of the pile cap is understood to be
approximate elevation 500.5. The contractor may encounter minor seepage while
excavating for the pile cap at the Pier 2 location. However, deeper excavations will
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encounter significant amounts of seepage. The seepage and groundwater conditions near
the river will likely be influenced by the river level and recent weather conditions. Due
to the soil and groundwater conditions, excavations for the proposed drilled shaft
foundations will require the use of temporary casing and/or dewatering to keep the
excavation dry and to combat the potential for a “quick” condition to develop.

In the area of Pier 3, boring TR-32 first encountered seepage at a depth of 4.0 feet below
the ground surface, or elevation 511.1. The bottom of the pile cap is understood to be
approximate elevation 504.3. The contractor should be prepared to deal with seepage and
groundwater while excavating for the pile cap at the Pier 3 location. Deeper excavations,
for the installation of the drilled shafts will also encounter seepage and groundwater. The
seepage and groundwater conditions near the river will likely be influenced by the river
level and recent weather conditions. Due to the soil and groundwater conditions,
excavations for the proposed drilled shaft foundations will require the use of temporary
casing and/or dewatering to keep the excavation dry and to combat the potential for a
“quick” condition to develop.

Excavations for the Pier 4 (R) and forward abutment excavations are anticipated to
encounter little if any seepage above the bedrock. Excavations for drilled shafts below
the bedrock may encounter seepage. Due to the use of water during rock coring
operations, seepage zones in the rock could not be observed.

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. Consequently, the contractor should be prepared to deal
with any unexpected seepage, water flow, and precipitation that may enter any
excavations.

It is anticipated that the drilled shaft excavations will encounter significant amounts of
seepage, especially within the vicinity of the Little Scioto River. The contractor should
be prepared to deal with water in the drilled shaft excavations. Temporary casings may
be considered to seal off the saturated overburden from the rock mass. The preferred
method of construction is to place concrete in a dry hole; however, if de-watering is
determined to be impractical, approved methods for concrete placement in water (CMS
Ttem 524) can be used

5.15 General Earthwork Recommendations
The proposed alignment of SR 823 over the Little Scioto River and SR 335 traverses a
relatively narrow river and flood plain. The rear abutment of the structure will be

constructed on embankment fill. The maximum embankment height at the rear abutment
is approximately 46 feet.
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Based upon boring TR-35, approximately 4 inches of topsoil is anticipated. 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 three feet of
subgrade level should also be removed prior to placing fill or pavement materials.

Organic soils were not encountered in the borings drilled near the rear abutment approach
embankment. 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.

Excavations for foundations 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.

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 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.
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6.0 CLOSING REMARKS

We appreciate having the opportunity to be of service to you on this project. Please do not

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

Respectfully submitted,

DLZ OHIO, INC.

Steven J. Riedy %

Geotechnical Engineer
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APPENDIX 1
_ Structure Plan and Profile Drawing — 117x17”
Structure Type Study Review Comments, dated August 11, 2006
Structure Type Study Review Comments, dated December 13, 2007
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from:

inter-office communication

District © - Harry Fry, District Deputy Director | date: August 11, 2006
Attn: Tom Bamitz, District Production Administrator '

Tim Keller, P.E., Administrator, Office of Structural Engmeermg by Reza Zandi

subject: SCI-823-XXXX over S.R.335 & thtle Scmto Rlver, PID 19415, Structure Type Study

(Resubmission)

We have reviewed the information furnished in the Structure Type Study submittal. prepared by
TranSystems Corporation for the above referenced bridge and offer the followin‘g comments :'

1.

The department requires the brldge plans to be prepared by mdependent de51gner, checker and
reviewer.

Please perform a cost comparison analysis and feasibility study between Altemattve 1 and afour
span bridge by eliminating Pier No. 4 and the fifth span in Alternative 1 and by locatmg the
forward abutment roughly at Station 139+00.

Is the forward abutment footing w1dth (6°-9") shown on page 7 of 9 adequate for spread footing
type of abutment?

Even though the design of the tall piets always involves looking into slenderness and buckling
issues we consider that the following pier types should be further evaluated for applicability.

a. Braced cap and column
b. Hollow cOIumns with caps
c. Narrower stem T-piers
d. Other viable bridge pier types.
Verify if the 4’-0 thick pier footing cap is adequate for the Piers 3 and4.

On the Site Plan, bearlngs condition (fix or expansion) for each substructure unit shall be
designated.

Verify surface elevation as shown on Site Plan vs. boring Iog TR—29 elevation.

The gutter spread and inlet capacity calculations do not appear to be comect: We were unable to
follow the logic used in the calculations. We have an example of how the spread sheet should be
calculated and for some reason the spread sheet prepared by HJS has values that we can not
verify. The calculations are probably more complicated than need be though. We have never
seen curb opening calculations for scuppers. Most people only account for the water going over
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the scupper going down the scupper, and do not account for flow going by the edge since the |
edge is only six inches long, Please investigate, revise and resubmit calculations as necessary.

9. Provide roadway catch basins as appropriate upstation of the forward approach slab so as to -
intercept roadway surface drainage prior to the bridge. -

10. Provide roadway catch basins as appropriate off the rear approach slab to capture bndge deck
dramage coming off the bridge.

11. Please show all the roadway catch basins adjacent to the bridge on the site plan,
12. We question the need for four 8’-0” diameter drilled shaft for Piers 3and 47

13. An allowable bearing pressure of 20 tsf for hard sandstone with RQD values ranging from 70 to
100 percent is overly conservative, ODOT's general practice would be to use an allowable
bearing pressure of 40 to 50 tsf for this rock. :

14. The geotechm'cal report did not include recommended side resistance for the drilled shafts. This |
should be prov1ded as some of the drilled shafts at the pleI'S may be subjected to upllft loads.

: 15. The boring log for TR-33 did not include RQD values for the rock core.

After addressing the above review comments, please furnish us a copy of the revised site plan for further
review.

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

If you should have any questions regarding these comments, please contact our office.
TIK:IS: 1z

c Tim Keller, P.E., Office of Structural Engineering
Jawdat Siddigi, P.E., Office of Structural Engineering
Dave Norris, P.E., District 9
Larry Wills, P.E. Dist 9
file




inter-office communication

~ to: Gary Coéhenour, District 9 Production Administrator . _ date: December 13, 2007

from: Tim Keller, Administrator, Office of Structural Engineerhlg by: J eff Crace, PE.
subject: SCI-823-0248 over S. R. 335 and Little Scioto-River; PID 77366; Structure Type Study

We have reviewed the information furnished in the structure type study submltted by TranSystems
Corporation for the above refcrenced bridge and offer the following comments:

1)

2)

3)

4)

We recommend that Alternative.5 be advanced to detail design, We deem it more prudent to utilize
our limited funds on a more traditional solution (alt.5) than an alternate which includes a retaining wall
that is nearly 50 feet tall (alt. 4b), This is especially true when for all practical purposes the two
alternates have the same estlmated Total Relative Ownership Cost, which includes Life Cycle
Maintenance cost [$31,156 000" (alt 4b) vs. $31,475,000 (alt. 5)] and the same estimated Total

Construction Cost [$21,160,000 (alt. 4b) vs. $20,830,000(alt. 5)].

Is it possible to utilize a spread footing for the left bridge forward abutment/retaining wall since the

. footing will be founded on bedrock?

We agree that the abutment/retaining wall for the left structure should be design utilizing active earth
pressure. To allow this design methodology considers reducing the shoulder width across the length of
thee structure by 1 inch on each side. This will result in a 3 inch separation bctween the median
barriers.

Can the spans for the right bridge (5 spans) be adjusted (shortened) while malntalmng a maximum
abutmentlretalmng wall height is 30 feet or less?

“Generally the design of the structure should be optimized, in this case we have narrowed this

optimization down to the span length versus abutment/retaining wall helght/foundatlon type This can
be finalized by the phase 2 (detail design) consultant

If there are questions regarding our review comments for this project, please contact our office.

TIK:JS:jc

c:

District 9 - Tom Barnitz
District 9 — John Wetzel
District 9 — June Wayland
District 9 - Doug Buskirk
District 9 - Larry Wills
Preliminary Design

. file
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APPENDIX II
General Information — Drilling Procedures and Logs of Borings
Legend — Boring Log Terminology
Boring Logs — Thirteen (13) 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. Borlngs 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. .

LT Lt =

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 lntervals 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\Geot\Forms\General Info English.doc
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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 ctherwise noted.
Standard Penetration {N) — the number of blows required to drive a 2-inch O.D., 1-3/8 inch 1.D., spiit-barral 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 reqwred for one foot of penetrat:on 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-barret sampler a certain number of inches (n) other than the normal 6- inch
increment. ‘ :

The length of the sampler drive is indicated graphlcally by honzontal 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.

Laerst Bl

The length of hydraulically pressed “Undisturbed” samples is Indicated graphically by hor_izontal lines across the “Press'; column.

.. Sample numbers are designated consacutively, increasing in depth. -

Soil Description

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

Blows/Foot
Term Standard Penetration
Very Loose 0-4
Locse 4-10
Medium Dense 10—-30
Dense " 80-50
Very Dense over 50

Coheslve 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 1.0-20 8-15 Readily indented by thumb but not penetrated
Very Stiff 20-40 . 16-30 Readily indentad by thumb nail .
Hard over40 - 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 medified by the term “mottled”.

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

Description | Size Descrigtidn Size

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

Cobbles : 8tod - Fine 0.42 mm to 0.074 mm

Gravel - Coarse 3" to %" Silt 0.074 mm to 0.005 mm
~Fine © %to2.0mm Clay smailer than 0.005 mm

S:\Dept\GeotechnicalForms\Borings\Legend ODOT English.doc
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d. The main soil component Is listed first. The minor components are listed in order of decreasing pércentage of particle size. -

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

trace 0to 10%

little © 10to 20%
. some 20 to 35%

“and" 35 to 50%-
f. . Moisture content of cohesionless solls (sands and gravels) is described as follows:

Temm Relative Moisture or Appearange

Dry " No moisture present

Damp Internal moisture, but none to Ilttle surface moisture

Moist Free water on surface

Wet Volds filled with free water .
g. The moisture content of cohesive solls (silts and clays) is expressed relative fo plastic properties.

Term - Relative Moisture or Appearance '

Dry Powdery o

Damp Moisture content slightly below plastic limit

Moist Moisture content above plastic fimit but be!ow liquid limit

Wet . Moisture content above liquid Ilm't e

10. Rock Hardness and Rock Quallty 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 t;:) shallow depih by a pencil

point. (Crushes under pressure of pressed hammer)

Medium Hard Resists pencil point, but can be scratched with a knife blade. (Breaks easlly 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 adges.)

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

b. Rock Quality Desrgnatlon RQD — This value is expressed in percent arid is an indirect measure of rock soundness. It is

obtained by summing the total length of all core pleces which are at Ieast four inches long, and then dividing this sum by the
. total Iength of the core run. '

11. Gradation — when tests are performed, the percentage of each particie size is listed in the appropriate column {defined in item 9c).

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

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

S:\DeptiGectechnicalForms\Borings\Legend CDOT English.doc
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APPENDIX III
Laboratory Test Results



Results

Assumed Specific Gravity= 2.75
Remarks:

Figure

Source of Sample: B-39
Sample Number: ST-1

Proj, No.: 0121-3070.03

Depth: 10.0

Date: 6/7/07 . -

24
C, tsf 0.308
$, deg 0.0
Tan(¢ 0.00
7 1.6
g
=
[73]
-
£
Y o8
L ™ 7 N ™
f i
0 _ I I
0 0.8 1.6 -~ 24 3.2 4 438
wan - Normal Stress, tsf e
0.8 Sample No. 1 2 3
] Water Content, 28.0 282 27.1
- 0.76 ‘ i 2| _ |Dry Density, pcf 95.5 942 971
o i I | Saturation, 96.5 94.5 96.8
=a p £ [Void Ratio 0.7980 0.8215 0.7687
0.6 PANENP ANERS=S 7| |Diameter, in. 281 281 279
E ¥ A
o // . Height, in. 5.52 5.55 5.54
e i | Water Content, 283 278 215
w045/ A + | Dry Density, pef 955 942 971
£ A 2 | Saturation, 974 932 98.5
s HEAZ % | Void Ratio 0.7980 0.8215 0.7687
o  o3HHS Diameter, in. 281 281 279
ll /’/ 7 Height, in. 5.52 5.55 5.54
W/ Strain rate, in./min. 0.06 0.06 0.06
0.5 :
Back Pressure, isf 0.00 0.00 0.00
o Cell Pressure, tsf 072 202 403
0 5 10 15 20 | Fail. Stress, tsf 059 073 065
Axial Strain, % Ult. Stress, tsf 0.59 0.73 0.65
o, Failure, tsf 1.31 274 4.68
Type of Test: ‘ ,
Unconsolidated Undrained o, Failure, tsf 0.72 2.02 4.03
Sample Type: 3" press tube Client: TranSystems, Inc.
Description: Lean clay
‘ Project: SCI-823-0.00
LL=29 PL=19 Pl= 10 '

EDLZ




9

O

1 115
0.8 0.8 _ +—
L~
2 o6 —— g  os g
B a,
g2 5B
o 2]
5 0.4 / > 0.4
< Q .
0.2 / 0.2
0 — 0
0% : 10% 20% 0% 10% 20%
a s
0.8|- 0.8}
L
g os “ g o6
o n
58 / 5B
5 - 8
z 04 = 0.4
a / a
0.2 / 0.2
0 : ‘ o :
0% 10%, 0% 0% 10% 20% .
0.6 Peak Strength
‘ Total
a= 0.31 tst
o= 0.4deg
-tana= 0.01 N
0.4 -
?r +
B * T P
0.2 - / : / /
| / /
0 /
i} 0.8 16 24 3.2 4 48
p, tsf

 Stress Paths: o indicates peak +indicates end

Client: TranSystems, Inc.
Project: SCI-823-0.00
Source of Sample: B-39
Project No.: 0121-3070.03

Depth: 10.0
Figure

Sample Number: ST-1

DLZ, INC.




Results

3.9
C, tsf 1.023
¢, deg 0.0
Tan(¢) 0.00
- 26
]
8
o
)
8
2
@ 13 - e
4’=ﬁ P, /1 My
B y ‘\ -
pd 4 4
y
7 N
) -
i 1 f1l u
% 1.3 2.6 89 5.2 65 ﬂ.ﬁ
- Normal Stress, tsf =~ "
6 Sample No. 1 2 3
Water Content, 23.0 23.0 230
5 __ | Dry Density, pef 107.8 1053 1069
& | Saturation, 109.9 103.1 1074
€ | Void Ratio 0.5641 0.6012 0.5774
W o4 Diameter, in. 279 281 2,81
& Height, in. 543 541 5.48
w
e ] =tel 3|  [Water Content, 23.7 25.6 23.0.
@ 3 B 1 | Dry Density, pef 1078 1053 1069
.g - 2 | Saturation, 1136 1152 1075
E > = 2| % | Void Ratio 0.5641 0.6012 0.5774
Qo 2 — Diameter, in. 279 281 281
v Height, in. 5.43 541 5.48
% Strain rate, in./min. 0.06 0.06 0.06
! 7 Back Pressure, tsf 000 000 000
o Cell Pressure, tsf 0.99 300 500
0 5 . 10 18 20 |Fail. Stress, tst 200 216 260
Axial Strain, % Ult, Stressl tsf 2.00 2.16 2.60
: oy Failure, tsf 2.99 5.16 7.60
Type of Test: : .
Unconsolidated Undrained o, Failure, tsf 09 300 500
Sample Type: 3" press tube Client: TranSystems, Inc.
Description: Silty clay
‘ , Project: SCI-823-0.00
LL=25 PL=20 Pl=5
Assumed Specific Gravity= 2.7 Source of Sample: B-40 Depth: 20.0
Remarks: Sample Number: ST-4
Proj. No.: 0121-3070.03 Date: 6/12/07 . -
Figure




2
4 4
g 3 g =
B D, |
S & c 2 ‘ :
> 2 > 2 2}
] E -
a a /
J— T /
0 : 0 '
0% ‘ 10% 20% 0% 10% 20%
5[5 5 4
4 4
1]
(7]
g . e 2 3
- / @,
S 2 . 5B
5 / 3
g8 2 / > 2
a fa)
1 / 1
0 0 '
0% 10% 20% 0% 10% 20% -
3 Peak Strength
. Total
a= 0.84 tsf
o= 4.0deg
tan o= 0.07
2
2’.,!._____,__,_,___.----
1 __.—-—"-‘—__—-
n‘-_-‘_._ .
0 )
[} 2 4 6 ’ 8 10

| Stress Paths;

p, isf
o indicates peak + indicates end

2

Client: TranSystems, Inc.
Project: SCI-823-0.00
Source of Sample: B-40
Project No.: 0121-3070.03

Depth: 20.0

Figure __

Sample Number: ST-4

DLZ, INC.




48 ol Effective R
C, tsf’ 0.352 .0 n
¢, deg 19.9 314 o
Tan(¢ 0.36 0.60 —
Lol - -
E 3.2 N /l . =
| g 7] - S u
ﬁ : 3 ., o
[ o
§ > et A p 4 = ~
9] r v N
18 ; =
- /" i - N h
foer A A
o ™, A
yi ! 5\ h \
el
[ v 7 i LY \}
Lo - AN 1
e N ! 1
o=~ [ I I
0 1.6 3.2 48 6.4 8
. Total Normal Stress, tsf .
T Effective Normal Stress, tsf — — —
;]
Sample No. ‘ ) 1 2
- Water Content, 226 229
5 T - _ | Dry Density, pef . . 1011 99.8
W - & | Saturation, 912 898
. 7 - £ | Void Ratio : 0.6679 0.6885
B 4 yaK 2 Diameter,in. - - 2.85 2.87
& /' Height, in. ‘ 5.21 5.57
[ 3
g 7 | Water Content, : 267 249
9 3 1] +; | Dry Density, pef 979 1008
£ ;‘ // - 1] @ | Saturation, 1000 1000
S I, % | Void Ratio 0.7220 0.6729
O 2Mi Diameter, in. 2.89 2.85
7/ _ Height, in. 5.21 5.57
J Strain rate, in./min, 0.01 0.01
117 Back Pressurs, tsf 403 403
. | Cell Pressure, tsf ‘ 6.05 8.06
0 Falil. Stress, tsf ' 3.08 515
0 5 . 10 15 20} Total Pore Pr., tsf 447 574
Axial Strain, % Ult. Strass, tsf
Total Pors Pr., tsf )
e e
CU with Pore Pressures = : : : :
Sample Type: 3" Press Tube ‘ Client: TranSystems, Inc.
Description:
Project: SCI-823-0.00
Specific Gravity= 2.7 ||Source of Sample: TR-35A Depth: 5.0
Remarks: Sample Number: P-1
Prol. No.: 0121-3070.03 Date: .
- KDIL.Z
Figure




75 ‘ 7.5 2
/“w l . 6 I 6 B — — -
,,,,,, : I l/ . - T — ]
ag 4.5' " -.....,________.______ g:gﬁ 45-"[ 74
8E5 327
o9 ad
e o 3 = @ e 3
O ) oo ’
®3 3
£aQ Ea
2 1.5 / 2 18—~
0 : ' ol '
0% ‘ 10% 20% 0% 10% 20%
78[5 750,
Bl 6 | 8-
| : I
| f
[0] ]
g @ 45 Sg 45
D 0 D ws
252 £5°
g 3 ®S 3
o «© jo ]
&3 i3
O 34 58,
R 15 e 15
0 0 .
0% 0% ~ 20% 0% 0% . 20% .
¢ Peak Strength - . -
Total Effective o ‘ -7
a= 0.33 tsf -0.281sf —r<
‘o= 18.8deg 30.2 deg S L~
J|teno= o4 0.58 g ] _ ' L
” > ;
e //
-7 :
ﬁ ] /
U.: /‘/ i /
2 A
-~ 7 / .
- __;% g/\
// \\
/ o~
P
o7 - :
0 2 . 4 6 @ 10 12
p, tsf
Q Stress Paths: Total - Effective — ——
Client: TranSystems, Inc.
Project: SCI-823-0.00 ,
Source of Sample: TR-35A Depth: 5.0 Sample Number: P-1
Project No.: 0121-3070.03 Figure _ . DLZ, INC.




21 Results
C, tst 0.963
¢, deg 0
Tan{d .0
. 14
2
W
&
7]
@
2 2 A
P o7 :
7
4 X
Fi \
0 _
0 0.7 1.4 2.1 28 35 42
Normal Stress, tsf
3
Sample No. 1
Water Content, 25.6
2.5 __ | Dry Density, pcf 91.5
B | Saturation, 92.6
_ £ | Void Ratio 0.7611
B 2 Diameter,.in. 2.85
o ] 1 ] Height, in. 5.59
£ o | Water Content, 217
0w 15 4 + | Dry Density, pef 97.5
% & | Saturation, 100.0
3 y % | Void Ratio 0.7611
o 1 / Diameter, in. 2.85
/ Height, in. 5.59
” Strain rate, in./min. 0.06
0.5
{ Back Pressure, tsf 0.00
i .
0 Cell Prassure, tsf 2.02
0 5 10 15 20 |Fail. Stress, tsf 1.93
Axal Strain, % Ult. Stress, tsf
o, Failure, tsf 3.94
Type of Test: .
Unconsolidated Undrained as_Failure, tsf 202
Sample Type: 3" Press Tube Client: TranSystems, Inc.
Description: Lean clay
_ Project: SCI-823-0.00
Li=27 PL=19 Pl= 8 k '
Assumed Spaecific Gravity.. 2,75 Source of Sample; TR-35A Depth: 5.0
Remarks: Sample Number: P-1
Proj. No.: 0121-3070,03 Date: 2/6/06 .
E "‘% 3
Figure ‘ L D L Z




25[ 25[77
2 2
e e
9 / q
§ 1.5 / g 15
/5] - (7]
4 / oE
= g
?) 1 / ‘ q>; 1
a ‘ a
0.5 0.5
0 - 0
0% 10% 20% 0% 10% 20%
25[ 5 25T
2l 2
@ 2
2 s g 15
w_ @,
58 5 &
g o
5 - | . 5 1
(] o
0.5 0.5
] ‘ - 0 '
0% 10% 20% 0% 10% 20% -
1.5 Peak Strength
Total
a= 0.961sf
o= 0.0deg
] tan o= 0.00
2
& //
0.5 /
0 A
0 0.6 1.2 1.8 24 3 3.6
. p, tsf
Stress Paths: o indicates peak +indicates end
Client: TranSystems, Inc.
Project: SCI-823-0.00
Source of Sample: TR-35A Depth: 5.0 Sample Number: P-1 :
Project No.: 0121-3070.03 Figure DLZ, INC.




Results

Assumed Specific Gravity= 2.7
Remarks: ‘

Figure

Proj. No.: 0121.3070.03

Source of Sample; TR-35A
Sample Number: P-2B

a.3
C, tsf 1.283
¢, deg 0
Tan(d) -0
. 22
5
g
g
b
&
2 —b o = —
@ 44 AN
N "
y y A 7T\ ALY
/ Y N
\
.' ‘ ‘ ,
0 i \1 ] ]
] 11 2.2 R 44 5.8 6.6
' Normal Stress, tsf
8 Sample No. 1 2 3
Water-Content, 28.6 279 309
.5 Dry Density, pef . . 974 96,2 924
& | Saturation, 105.8 100.1 1012
£ | Void Ratio 07300 0.7522 0.8243
B 4 ] Diameter, in. 2.83 2.86 2.85
o Height, in. 4.14 5.51 5.55
2 . |Water Content, 270 279 305
® 3 — T 1 | Dry Density, pef 974 962 924
£ il 2 | Saturation, 1000 1000 100.0
ES Ji % | Void Ratio 0.7300 0.7522 0.8243
o A - Diameter, in. 283 286 285
'/ ”. Height, in. 4,14 551 5.55
_M Strain rate, in./min. 0.06 0.06 0.06
" Back Pressure, tsf 000 000  0.00
4 Cell Pressure, tsf 101 202 403
0 10 20 80 40 | Fail. Stress, tsf 281 281 208
Axial Strain, % Ult. Stress, tsf 281 281 208
a, Failure, tsf 3.82 4.83 6.11
Type of Test: .
Unconsolidated Undrained Gy Failure, tsf o1 202 403
Sample Type: 3" Press Tube Client: TranSystems, Inc.
Description: Silt
‘ Project: SCI-823-0.00
LL=27 PL=22 Pl=5 ‘

Depth: 12.4

Date: 2/6/06 . -

KDLZ




Deviator Stress
tsf

- - Deviator Stress
tsf

0% 20% _ 40%

0% - 20% 40%
5[5 5[4 T
4} 4
8 2
E .8 2 2
h_ a.,
se g
8 . ©
3 2 / — P4 2
o o
1 - 1
o : 0 '
0% 20%. 40% 0% 20% - 40% -
3 Peak Strength
: Total
a= 1.26 tsf
o= 0.0deg
“tan o= 0.00
2
a \
o =4
1 / | A /m
0 /
0 2 3 4 5
p, tsf

Stress Paths: o indicates peak +indicates end

Client: TranSystems, Inc.
Project: SCI-823-0.00
Source of Sample: TR-35A
Project No.: 0121-3070.03

Depth: 124
Figure

Sample Number: P-2B

DLZ, INC.




4.5

Total Effective ]
C, tsf 0.369 0.241 _La”
¢, deg 18.4 30.4 Clel”
Tan(d 0.33 0,59 7
. "3 - .
- i =
& P ssAREREmESE
a . f " > b
2 LV A - i N ™
w0 1.5 'éﬂ‘/--. - (l L N
" ¥ [y hd ‘
g = 3\ . X
e F I L]
. 1 \
4
¥ - i
o H f 1 N i I [
0 1.5 3 45 3 75 9
Total Normal Stress, tsf .
Effective Normal Stress, tsf — — —
6 Sample No. 1 2 3
: P 3 Water Content, 276 276 27.6
5 — __ | Dry Density, pef 97.1 96.2 95.1
8 | Saturation, 988 967 943
yai £ |Void Ratio 0.7685 0.7852 0.8048
B 4 // Diameter, in. 2.85 2.83 2.83
& & Height, in. 3.21 5.47 5.54
[1:3
g 7 = Water Content, 279 286  293.
@ 3 - + | Dry Density, pct 97.1 96.2 95.1
£ 4] A 2 | Saturation, 1000 '100.0 1000
3 [ACATTX] % | Void Ratio 0.7685 0.7852 0.8048
a A I Diameter, in. 285 283 283
! . Height, in. 521 547 5.54
’I pd ¥ Strain rate, in./min. 0.06 - 0.06 0.06
1 ™ Back Pressure, tsf 403 403 403
™ 2 Cell Pressure, tst 5.04 6.05 2.06
ol T Fail. Stress, tsf 191 295 473
0 5 10 15 20 Total Pore Pr., tsf 450 504  6.15
Axial Strain, % Ult. Stress, tsf 1.61 295 4.73
‘ Total Pore Pr., tsf 4.50 5.04 6.15
Type of Test: G Failure, tsf 246 395 664
CU with Pore Pressures G, Failure, tsf 0.54 1.00 1.91
Sample Type: 3" Press Tube Client: TranSystems, Inc.
Description:
‘ Project: SCI-823-0.00
Assumed Specific Gravity= 2.75 Source of Sample: TR-35A Depth: 27.0
Remarks: ' Sample Number: P-3
Pro). No.: 0121-3070.03 Date: o
Figure
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TN Stress Paths: Total . Effective — — —
\__/ Client: TranSystems, Inc.
Project: SCI-823-0.00 ‘
Source of Sample: TR-35A Depth: 27.0 Sample Number: P-3 .
Project No.: 0121-3070.03 Figure DL.Z, INC.




UNCONFINED COMPRESSION TEST

4
3
G P N,
% /] \
o A1
0 /
L 2
o / \
Q.
E / \
) / N
‘ - N
1 - . 1
7
o .
0 5 10 15 20
Axial Strain, %
Sample No. 1
Unconfined strength, tsf 2.854
Undrained shear strength, tsf 1.427
Failure strain, 10.6
Strain rate, in./min. 0.06
Water content, % 25.5
Wet density, pcf 118.2
Dry density, pef 94.2
Saturation, % 87.3
Void ratio : 0.7894
Specimen diameter, in, 2.85
Specimen height, in. 5.56
Height/diameter ratio 1.95
Descriptlon: Lean clay _
LL =44 | PL=26 | PI=18 | Assumed GS=2.7 | Type: 3" Press Tube -
Project No.: 0i21-3070.03 Client: TranSystems, Inc.
Date: 2/6/06 :

Figure

Source of Sample: TR-35A Depth: 66.0
Sample Number: P-4A ) -




6.4

Results
C, tsf 3.264
$, deg 0.5
-1 Tan(¢) 0.01
% 36
"," -
. 8 ".f‘ » T . _ Y o
& < S
§ ,,/ 74 ‘\‘
o
18 y i N
N
I Fi
: \
i
B \
o :
] 13 3.6 54 72 9 10,8
- - Normal Stress, tsf '
° —= Sample No. 1 2
,
|7 Water Content, 18.8 18.8
7.5 __ | Dry Density, pef 1126 1135
] 8 | Saturation, 101.9 1044
N7 £ | Void Ratio 04971 0.4855
G 6 ,’ - Diameter, in. 2.83 2.80
& l Height, in. 5.21 4.85
(7]
£ L Water Content, 184 18.0
0 45 11 | 4 | Pry Density, pef 1126 1135
£ / @ | Saturation, 100.0 100.0
E ] % Void Ratio 04971 0.4855
<] Diameter, in. 283  2.80
i Height, in. 521 4385
1 Strain rate, in./min. 0.06 0.06
15 Back Pressure, tsf. 0.0 0.0
o ] Cell Pressure, tsf 2.0 4.0
0, 10 20 20 40 | Fall, Stress, tsf 6.6 6.7
Axial Strain, % Ult. Stress, tsf 6.6 6.7
o, Fallurs, tsf 86 - 107
Type of Test: . '
Unconsolidated Undrained g;_Failure, tsf 20 40
Sample Type: 3" Press Tube Client: TranSystems, Inc.
Description: Silt with sand -
Co Project: SCI-823-0.00
LL= NP , Pl= NP
Assumed Specific Gravity= 2.7 Source of Sample: TR-35A Depth: 66.9
Remarks: Sample 83 - 66.0' - 66.9" Sample Number: P-4B
Prol. No.: 0121367003 Date: 2/6/06

Figure
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Stress Paths: o indicates peak + indicates end
Client: TranSystems, Inc.
Project: SCI-823-0.00
Source of Sample: TR-35A Depth: 66.9 Sample Number: P-4B
Project No.: 0121-3070.03 Figure DLZ, INC.
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CONSOLIDATION TEST REPORT
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K| 2 5 Z 5 10 20
. Applied Pressure - tsf
Natural Dry Dens : - Initial Void
’ LL P . Gr. ' it
Saturation | Moisture {pch) I Sp. Gr USCS AASHTO Ratio
94.9 % 270 % 96.5 . 27 5 2.76 ML A-4(4) 0.786
“MATERIAL DESCRIPTION
silt '
Project No. 0121- Remarks:

Project: SCI-823-0.00

Source: TR-35A

- Client: TranSystems, Inc.

Sample No.: P-2B

Elev./Depth: 12.4

EDLZ

Figure
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CONSOLIDATION TEST REPORT
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58973 2 5 w 2 5 10 26
Applied Pressure - tsf
Natural Dry Dens. Initial Void
Saturation | Moisture {pcf) L PI Sp. Gr. USCs AASHTO Ratio
918 % 309 % 394 NP NP 2,76 ML A-4(0) 0.928
MATERIAL DESCRIPTION
Silt
Project No. 0121- Client: TranSystems, Inc, Remarks:
Project: SCI-823-0.00
Source: TR-35A Sample No.: P-3 Elev./Depth: 27.0

Figure




CONSOLIDATION TEST REPORT .
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. Applied Pressure - tsf
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) : . Gr. USCS - AASH )
Saturation | Moisture (pch) LL P Sp. Gr 0 Ratio
1089 % 138% 1274 Np NP 2.75 ML A-4(0) ' 0.347
'MATERIAL DESCRIPTION '
Silt with sand '
Project No. 0121- Client: TranSystems, Inc. Rernarks:
lPro]ect: SCI-823-0.00 ' :
Source: TR-35A Sample No.: P-4B Elev./Depth: 66.9
L Figure
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_PARTICLE'SIZE DISTRIBUTION TEST REPORT
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PARTICLE SIZE DISTRIBUTION TEST REPORT
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PARTICLE SIZE DISTRIBUTION TEST REPORT
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Soll Description

Sandy silty clay

5

Pl=

Atterberqg Limits
LL= 22

PL= 17

Dgg= 0.0427°

D1o

Coefficients
Dgo= 0.0711

D
C

= (.223

85
30~

D
D
C

15=

o=

0.0122

u:

AASHTO= A-4(l)

Flemar](

Classification
Moisture Content= 27.6%

USCS= CL-ML

PASS?

(X=NO})

SPEC.”
PERCENT

PERCENT

FINER

SIEVE

SIZE

(no specification provided)

*

Date: 6/4/07

Elev./Depth:

13.5

B-39

Source of Sample:

5

Sample No.:

Location:

Project No: 0121-3070.03

Client: TranSystems, Inc.
Project: SCI-823-0.00

Figure
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80
70}

0.001

CLAY
16.2
0.0213
7.5

5

Date: - 3/25/05

50
Elev./Depth:

10

Pl
D
D

0.01
% FINES

SILT

68.5
Figure

AASHTO= A-4(2)

Remarks

Moisture Content= 24.9%

0.0296
0.0045

Coefficients
c:

D
D
C

60
15=

Classificatlon

Soil Description
Atterberg Limi
Li= 24

15.2
Silty clay with sand

FINE

0.0761
0.0105

30

Dgs
u:
USCS= CL-ML

D

“Pl= 19
Cc

% SAND

MEDIUM

TR-32

0.1

GRAIN SIZE - mm

Project No: 0121-3070,03

Client: TranSystems, Inc,
Project: SCI-823-0.00

CRS.
0.0

PASS?
(X=NO)

Source of Sampla:

FINE
0.0

% GRAVEL
SPEC."
PERCENT

CHS.
0.0

100

FINER

100.
99.9
84.7

PERCENT
4

0.0
(no specification provided)

500
w

‘% COBBLES
SIZE

#10
Location:

#200

SIEVE

Sample No.:
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APPENDIX IV
Slope Stability Analyses
Settlement Calculations
Driven-Pile Analyses
Forward Abutment Retaining Wall Analyses
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0121-3070.03 '

T SUBJECT Client Transystems Corp. JOB NUMBER
% DL Z Project SCH-823 Portsmouth Bypass | SHEET NO. Z OF 7
) . : Item  Embankment Settlement - Under CL COMP. BY DATE Z-B-¢p
i At Sta. 130+75, Based on boring TR-35A CHECKED BY 4,47 DATE 2-8 of
SETTLEMENT ANALYSIS - EMBANKMENT :
Emba nkment Informalton' Groundwater Table: D= 245 ft '
e » e Embankment Height: H= 46 ft
Fill Unit Weight: ~ 7em»= 120  pcf q= 5520 psf
[ \ ]; Width of Slope: a= 115 Assuming 2.5H:1V side slopes
' Top half-width of Bmb: b= 515 ‘
Distance from CL: x= 0
Output Range: z= " 0 to 81 ft

v

+atm..(_b+_x).
L o=

B = u;n[<‘°- ?
.z

*See Data output Attached

W) = m[(ub x)] tm[(b x)]

Reference US Army Corps of Engmeer.r EM 1110-1-1904 "Settlement Analysis”, Table C I

Gownd o W = ( ) (a(elz) + B(D +e'(2)) +b1 (D + (D) + x o) - &(2)))

ub(zj —ntm[-f*———————-‘+b+x ]— tm[L—b+x ]

1 o'y
=Y — H log] —£
(5c )u{r Z C: og( o_no ]

~ Cohesionless
Soil Properites: Settlement is calculated at mid- pomt of layer Soils Cohesive Soils

[No.Bot. of Laye  Soil Type V5o (e O (psf) . G’ (psf) Aoz (psf) o’¢ (ps) ¢ [ G €,
/W 50 - ft Clay 120 3400 . 300 5,520 5,820 - 0.0 0.03 0.27 0728

2 150 ft . Silt 120 . 3400 1,200 5,517 6,717 .0 0.08 0.27 0928

3 250 ft Silt 120 3,400 2,400 5,497 7,897 0.0 - 0.08 0.27 0928

4 320 ft Silt 120 "~ 3,400 3,170 5454 8,624 0.0 0.08 0.27 0928

5 420 ft Clay 120 4,428 3,660 5,393 9,053 0.0 0.07 0.19 0.706

6 520 ft- Clay 120 4428 4,236 5,285 9,521 0.0 0.07 0.19 0.706
17 620 ft  Clay 120 4428 4812 5,162 9,974 .00 007 0.9 0.706
18 720 f&  Send&Silt 120 0 5,388 5023 . 10411 - 370 0.00 0.00 0.000

9 81.0 ft Sand & Silt 120 0 5,935 4874 . 10,809 37.0. 0.00 0.00  0.000

10° 0.0 0- 0 ' '" '

Reference; Geotechnical Engineering Principles and Practices; Coduto, 1999 -
- | _ Overconsclidated Soils - Case I {o'y<0') Eqn:11.24

No.Settlement:  Total Settlement -y _GC, o

1 0274 ft | G =2 Tre P [ao]

2 0602 ft | Overconsohdated Soils - Case II (07g<0" <o) Eqn:11.25

3 0575 fi : g .\ C o

4 0405 f : (5‘)"“=Z[1+eoHbg(yo}lﬂlog[?f]]'

5. 0380 ft Normally Consolidated Soils (0’;=0") Eqn: 11.23

6 0378 ft < C o',

7 0353 ft (6‘)""_Zl+eo Hbg(a'o]
( > 0077 ft Reference: FHWA NHI00-045

"¢ 0.063 ft Cohesionless Soils (g’4=0".)

10




N | SUBJECT  Client Transystems Corp. JOB NUMBER
(“ , Project SCI-823 Portsmouth Bypass ‘ SHEET NO. =z OF 7
\} em  Embankment Settlement - Under CL - COMP.BY ' _ %% DATE 2-8-08

At Sta. 130+75, Based on boring TR-35A CHECKED BY DATE 2-&.9,

INCREASE IN VERTICAL STRESS DUE TO EMBANKMENT LOADING

e b b | -
—e— e e} q= 5520 load

q ' a= 115 width of slope

b= 515 _ top half-width of

AO;

embankment
x= 0 distance from CL
(nsysz) | z= 0 to 81 depthrange
*e
C . 0 LD = (i) (a2 + B(D + o(z)) +b(°b(=)+m‘(=))'+x'(¢(zj—m'(=)-))
. \%a : _ S
p(z) = atan[(b- x)‘+atan[(bﬂ " e(D) = mn[ﬁiﬂ’;"_)]- atan[(h' X) ] a(z) " aimn (atbty ] atm[ml ‘
4 z . z - 4 [z 1 z
o Vertical Stress Increase Vs. Depth
10 :
20 : ' : 4
60 // : '
70 /—-"' :
80 / §
L T e s o T e S A A B A S A A Bt B e
- . 4700 4800 4900 5000 5100 5200 5300 5400 5500 5600

Reference: | US Army Corps of Engineers EM 1110-1-1904 "Settlement Analysis*, Table C1




) ) ] . < Ade.f & ‘*/ 7

Time Rate of Consolidation of Foundation Soils with Wick Drians

D I z l Highland Bend Embankments  Based upon boring TR-35A LY / 2-8-08
Reference: FHWA-RD-86-168 i

Station 130+75 5 - e
Wick Drain Spacing feet Use 7} =10 Remaining
t (days) Ta Tv Un Uy Uc O(inches) &(inches) d, c, Hy  Orax
0 0.0000 0.0000 0.00 0.00 0.0 0.0 35.6 5256 035 31 35.6
5 0.0635 0.0018 0.29 0.09 35.0 12.5 23.1
10 0.1270 0.0036 0.49 0.09 53.4 19.0 16.6
15 0.1905 0.0055 0.63 0.10 66.9 238 11.8  Assumes double drainage
20 0.2540 0.0073 0.74 0.11 76.4 27.2 8.4 Spacing = 5 ft (trianguiar)
0.3175 0.0091 0.81 0.11 83.0 29.6
03810 0.0109 0.86 0.12 875 31.1

ET0AAART 00127 O aﬁ@weﬂm OS2 2

05079  0.0146 0.91 925 329

0.5714 0.0164 0.93 0 14
0 paA 0 O O S O S e T
0.6984 0.0200 0 96 0 15 96.3 343
0.7619 0.0219 0.97 0.156 97.4 347
0.8254 0.0237 0.98 0.16 98.4 35.0

0.8889 0.0255 0.99 0.16 99.1 35.3

1 ngs



_  Zhet 5o T
Time Rate of Consolidation of Foundation Soils with Wick Drians
Iﬁ D I , z , Highland Bend Embankments  Based upon boring TR-35A <. /1 2-6-08

Reference: FHWA-RD-86-168 Station 130475

Wick Drain Spacing feet Use77 =10 Remaining
t (days) Ta Tv Ugr Uy Uc  O(inches) O(inches) d, cy Hy  Omax
0 0.0000 0.0000 0.00 0.00 0.0 0.0 35.6 7.35 035 31 35.6
5 0.0324 0.0018 0.17 0.09 240 86 27.0
10 0.0648 0.0036 0.29 0.09 35.9 12.8 228
15 0.0972 0.0055 0.40 0.10 46.0 16.4 19.2  Assumes double drainage
20 0.1296 0.0073 0.49 0.11 54.7 19.5 16.1 Spacing = 7 ft (triangular)
25 0.1620 0.0091 0.57 0.11 62.0 22.1 13.5
30 0.1944 0.0109 0.64 0.12 68.2 243 1.3
35 0.2268 0.0127 0.70 0.12 73.4 26.1 9.5
40 0.2592 0.0146 0.74 0.13 7.7 277 7.9
45 0.2915 0.0164 0.78 0.14 81.2 28.9 6.7
50 0.3239 0.0182 0.82 0.14 84.1 299 5.7
&5 0.3563 0.0200 0.84 0.15 86.5 30.8 4.8
0.0219 0.86 015 884 315 41
R0y A TSRS LS o e o R TR
0.0255 0.89 0. 16 g91.2 325 3.1
0.0273 0.91 0.17 92.3 32.8 2.8
0.0291 0.92 0.17 93.1 33.2 2.4
85 0.5507 0.0310 0.83 0.18 93.9 334 22
0.5831  0.0328 0.93 0.19 945 337 19
gﬁ»ﬁgﬁ”ﬁ%‘ 0685010346 0l Tod e T esHil T TRl Y
0.6479 0.0364 0.85 0.20 95.7 341 15
105 0.6803 0.0382 0.95 0.20 96.3 343 1.3
110 0.7127 0.0401 0.96 0.21 96.8 345 1.1
115 0.7451 0.0419 0.97 0.21 97.3 34.6 1.0
120 0.7775 0.0437 0.97 0.22 97.8 34.8 0.8
125 0.8098 0.0455 0.98 0.22 98.3 35.0 0.6



Time Rate of Consolidation of Foundation Soils with Wick Drians §/¢A/ @ o 7‘ 7
I %D I l’ 2 , Highland Bend Embankments  Based upon boring TR-35A b 2-8-08

Reference: FHWA-RD-86-168 Station 130+75 Z‘T 5 _@ 2’
Wick Draln Spacing feet Usen =10 Remaining N
t (days) Ta Tv U Uy Uc  O(inches) G(inches) d, cy Hy S
0 0.0000 0.0000 0.00 0.00 0.0 0.0 35.6 945 035 3 35.6
5 0.0196 0.0018 0.11 0.09 19.1 6.8 28.8
10 0.0392 0.0036 0.20 0.09 27.0 9.6 26.0
15 0.0588 0.0055 0.27 0.10 34.3 12.2 234  Assumes double drainage
20 0.0784 0.0073 0.34 0.1 40.9 14.6 21.0  Spacing = 9 ft (triangular)
25 0.0980 0.0091 0.40 0.11 46.9 16.7 189
30 0.1176 0.0109 0.46 0.12 52.4 18.7 16.9
35 0.1372 0.0127 0.51 0.12 57.3 204 15.2
40 0.1568 0.0146 0.56 0.13 61.7 22.0 13.6
45 0.1764 0.0164 0.60 0.14 65.7 234 12.2
50 0.1960 0.0182 0.64 0.14 69.3 247 10.9
55 0.2156 0.0200 0.68 0.15 725 25.8 9.8
60 0.2352 0.0219 0.71 0.15 75.4 26.8 8.8
65 0.2548 0.0237 0.74 0.16 77.9 277 7.9
70 0.2743 0.0255 0.76 0.16 80.2 285 71
75 0.2939 0.0273 0.79 0.17 82.2 29.3 6.3
80 0.3135 0.0291 0.81 0.17 838 29.9 57
85 0.3331 0.0310 0.82 0.18 85.5 30.4 5.2
90 0.3527 0.0328 0.84 0.19 86.9 30.9 4.7
95 0.3723 0.0346 0.85 0.19 88.1 314 42

03919

130 0.5085 0.0473 0.91 0.23 93:4 33:2 2:4
135 0.5291 0.0492 0.92 0.23 93.8 334 22
140 0.5487 0.0510 0.92 0.24 94.3 33.6 2.0

145 oseaa o.osze 093 024 947 37 1.9
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 DRIVEN 1.0 -
GENERAL PROJECT INFORMATION . .

Filename: CADRIVEN\LSR1.DVN ‘ S
Project Name: SCI-823 ~ Project Date: 11/26/2007

- Project Client: Transystems

Computed By: sjr

.Project Manager: Nix

PILE INFORMATION
Pile Type: Pipe Pile - Closed End

Top of Pile: 5.00 ft ‘
Diameter of Pile: 14.00 in

'ULTIMATE CONSIDERATIONS

Water Table Depth At Time Of: - Drilling: ; - 24501
- Driving/Restrike ' 24,50 ft
C - Ultimate: - o 2450 ft
Ultimate Considerations: - Local Scour: _ 0.00 ft
- : - Long Term Scour; ~.0.00'ft
* - Soft Soil: 0.001t
ULTIMATE PROFILE
Layer Type Thickness Driving Loss  Unit Weight Strength
1 Cohesive 5.00 ft 0.00% 120.00 pcf 1700.00 pst
2 Cohesive 27.00 ft 0.00% 120.00 pcf 900.00 psf
3 ' Cohesive 30.00 ft 0.00% -120.00 pef 2700.00 psf
4

Cohesionless 19.00 ft 0.00% 120.00 pef 30.0/30.0

-

o < 2ed kit
' P O S
s S |

D= Lt

Ultimate Curve
T-79 Steel
T-79 Steel
T-79 Steel
Nordiund




 ULTIMATE - SKIN FRICTION

O

Depth-  Soil Type Effective Stress Sliding Adhesion Skin
At Midpoint Friction Angle Friction.
0.01 ft Cohesive N/A N/A 0.00 psf 0.00 Kips
4.99 ft Cohesive - N/A N/A - 0.00 psf 0.00 Kips
4.99 ft Cohesive N/A N/A 0.00psf - 0.00 Kips-
5.00 ft Cohesive N/A N/A 1120.00 psf 0.00 Kips .
5.01ft Cohesive N/A N/A + 732.50 psf - 0.03 Kips
14.01 fi Cohesive N/A N/A - 74204 psf 24.50 Kips
23.01 ft Cohesive N/A N/A 778.68 psf 51.40 Kips
31.99ft Cohesive N/A N/A 815.24 psf 80.65 Kips
32011t Cohesive N/A N/A 1225.49 psf 80.73 Kips -
41.01 ft Cohesive N/A N/A 1369.49 psf 125.91 Kips
- 50.01 ft Cohesive N/A N/A 1460.00 psf -~ 177.06 Kips
59.01 ft Cohesive N/A N/A 1460.00 psf ~ 225.22 Kips
61.99ft  Cohesive N/A N/A -1460.00 psf 241.16 Kips
62.01ft  Cohesioniess 5100.29 psf 19.99 N/A C 241.28 Kips
71011t Cohesionless 5359.49 psf - 19.99 N/A 301.51 Kips
80.01 ft Cohesionless 5618.69 psf 19.99 N/A 367.57 Kips -
80.99 ft Cohesionless 5646.91 psf 19.99 N/A 375.12 Kips
‘ ULTIMATE - END BEARING L
Depth Soil Type Effective Stress Beanng Cap. Limiting End End
At Tip ‘Factor Bearing Bearing
-0.01 ft Cohesive N/A N/A .. N/A 0:00 Kips
4.99 ft Cohesive N/A N/A N/A 0.00 Kips
4.99 ft Cohesive " N/A N/A N/A 0.00 Kips
5.00 ft Cohesive N/A N/A N/A 16.36 Kips .
5.01ft Cohesive N/A ~N/A N/A 8.66 Kips
14.01 ft Cohesive N/A N/A- N/A - 8.66 Kips
- 23.01ft  Cohesive N/A N/A N/A 8.66 Kips
31.99 ft Cohesive N/A N/A N/A 8.66 Kips
32.01ft Cohesive N/A N/A N/A 25.98 Kips
41.01 ft Cohesive N/A N/A N/A . 25,98 Kips
50.01 ft Cohesive N/A N/A N/A 25.98 Kips
59.01 ft Cohesive N/A N/A N/A 25.98 Kips
61.99 ft Cohesive N/A . N/A N/A 25.98 Kips
62.01 ft Cohesionless 5100.58 psf 30.00 14.24 Kips - 14.24 Kips
71.01 1t Cohesionless 5618.98 psf 30.00 14.24 Kips 14.24 Kips
80.01 ft Cohesionless ~ 6137.38 psf 30.00 14.24 Kips 14.24 Kips
80.99 ft Cohesionless 6193.82 psf 30.00 14.24 Kips 14.24 Kips




Depth

0.01 ft
4.99 ft
4.99 ft

-5.00 ft

5.01 ft

14.01 ft

23.01 ft
31.99 ft
32.01 ft
41.01 ft
50.01 ft
59.01 ft
61.98 ft
62.01 ft>
71.01 1
80.01 ft
80.99ft -

- ULTIMATE - SUMMARY OF CAPACITIES

Skin Frictibn

0.00 Kips
0.00 Kips
0.00 Kips

0.00 Kips

0.03 Kips

24.50 Kips

51.40 Kips
80.65 Kips
80.73 Kips
125.91 Kips

177.06 Kips

225.22 Kips
241.16 Kips
241.28 Kips
301.51 Kips
367.57 Kips
375.12 Kips

End Bearing

0.00 Kips
0.00 Kips
0.00 Kips

* 16.36 Kips -

8.66 Kips

'8.66 Kips

8.66 Kips
8.66 Kips
25.98 Kips -
25.98 Kips
25.98 Kips
25.98 Kips
25.98 Kips
14.24 Kips
14.24 Kips -

14.24 Kips

14.24 Kips

‘
D= {olo

Total Capacity

© 0.00 Kips
. 0.00 Kips

0.00 Kips
16.36 Kips
8.69 Kips
33.16 Kips
60.06 Kips

89,31 Kips

106.70 Kips

151,88 Kips
203.03 Kips

251.19 Kips
267.14 Kips
255.52 Kips
315.75 Kips
381.81 Kips

389.36 Kips

Lo.2% &

4= e
? M 6.« %Jj
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DRIVEN1.0 ‘
GENERAL PROJECT INFORMATION

Filename: C\DRIVEN\LSR1.DVN '
Project Name: SCI-823 ‘ N 'Project Date: 11/26/2007

. Project Client: Transystems

Computed By: sjr

Project Manager: Nix

| PILE INFORMATION
Pile Type: Pipe Pile - Closed End

Top of Pile: 5.00 ft :
Diameter of Pile: 16.00 in

ULTIMATE CONSIDERATIONS

. Water Table Depth At Time of: - Drilling: ' - 24.50 ft
- Driving/Restrike ' 24.50 ft
' o SRR - Ultimate: - - 24501t
Ultimate Considerations: - Local Scour: - 0.00 ft
. : - Long Term Scour: . © 0.001#
- - Soft Sail: 0.00 ft
ULTIMATE PROFILE
Layer  Type Thickness - Driving Loss Unit Weight Strength
Cohesive 5.00 ft 0.00% 120.00pcf ~ 1700.00 psf
Cohesive 27.00 ft 0.00% 120.00 pcf 900.00 psf
Cohesive 30.00 ft 0.00% .120.00 pcf 2700.00 psf
. Cohesionless 19.00 ft 0.00% 120.00 pcf 30.0/30.0
e P | Qm-: 190 fons © 360 Kips
D= 7¢

Uitimate Curve

T-79 Steel
T-79 Steel
T-79 Steel
Nordiund-




~ ULTIMATE - SKIN FRICTION

®

Depth Soil Type Effective Stress Sliding Adhesion Skin
‘ At Midpoint ' Friction Angle _ Friction
0.01 ft ~ Cohesive N/A N/A 0.00 psf 0.00 Kips
4.99 ft Cohesive . N/A N/A 0.00 psf 0.00 Kips
4.99 ft Cohesive N/A N/A 0.00 psf 0.00 Kips
5.00 ft Cohesive N/A N/A 1120.00 psf 0.00 Kips
5.01ft  Cohesive N/A N/A - 732,50 psf 0.03 Kips
14.01 ft Cohesive N/A N/A 734.91 psf 27.74 Kips
23.01 #t Cohesive N/A N/A - 766.97 psf 57.86 Kips
31.99 ft Cohesive N/A N/A 798.96 psf 90.33 Kips
- 32.011t Cohesive N/A- . N/A 1161.47 psf 90.41 Kips -
41.01 ft Cohesive N/A N/A 1287.47 pst 138.96 Kips
50.01 ft Cohesive N/A N/A 141347 psf - 197.00 Kips
59.01 ft Cohesive N/A N/A 1460.00 psf = 255.55 Kips
61.99# Cohesive N/A N/A - 1460.00 psf 273.77 Kips -
62.01 ft' Cohesionless 5100.29 psf 21.97 N/A _ 273.92 Kips
'71.01ft°  Cohesionless 5359.49 psf - 21.97 N/A 355.08 Kips
© 80.01 t Cohesionless 5618.69 pst 21.97 N/A 444.08 Kips .
80.99 ft Cohesionless -~ 5646.91 psf 21.97 _ N/A 454.25 Kips
' ULTIMATE - END BEARING - e
Depth Soil Type Effective Stress Bearing Cap. Limiting End End
A AtTip “Factor Bearing Bearing
0.01 ft Cohesive N/A N/A N/A 0.00 Kips
4.99 ft Cohesive N/A N/A N/A 0.00 Kips
499ft - Cohesive - N/A . N/A N/A 0.00 Kips
5.00 ft Cohesive N/A N/A N/A 21.36 Kips .
5.01 ft Cohesive N/A N/A N/A 11.31 Kips
14.01 ft Cohesive - N/A " N/A N/A - 11.31 Kips
23.01 ft Cohesive N/A ‘N/A N/A 11.31 Kips
31.99 ft Cohesive N/A N/A - N/A 11.31 Kips
32.01 ft Cohesive N/A N/A N/A 33.93 Kips
41.01 ft Cohesive N/A N/A N/A . 33.93 Kips
50.01 ft Cohesive N/A N/A N/A 33.93 Kips
59.01 ft Cohesive N/A N/A N/A 33.93 Kips
61.99 ft Cohesive N/A N/A N/A 33.93 Kips
62.01 ft Cohesionless 5100.58 psf 30.00 18,60 Kips 18.60 Kips
71.01 ft Cohesionless 5618.98 psf 30.00 18.60 Kips 18.60 Kips
80.01 ft Cohesionless - 6137.38 psf 30.00 18:60 Kips 18:60 Kips
80.99 ft Cohesionless 6193.82 psf 30.00 18.60 Kips 18.60 Kips




- ULTIMATE - SUMMARY OF CAPACITIES

Depth SKin Friction End Bearing Total Capacity
0.01 ft 0.00 Kips 0.00 Kips - 0.00 Kips
4,99 ft 0.00 Kips 0.00 Kips -0.00 Kips
499 ft 0.00 Kips ' 0.00 Kips . 0.00 Kips
- 5.00 ft 0.00Kips - 21.36 Kips 21.36 Kips
5.01 ft 0.03Kips 11.31 Kips 11.34 Kips
14.01 ft 27.74 Kips 11.31 Kips 39.05 Kips
23.01 ft 57.86 Kips 11.31 Kips 69.17 Kips
31.99 90.33 Kips 11.31 Kips . *101.64 Kips
32.01 ft 90.41 Kips 33.93 Kips 124.34 Kips
41.01 ft 138.96 Kips: 33.93 Kips 172.88 Kips
50.01 ft 197.00 Kips 33.93 Kips - 230.93 Kips'
59.01 ft 255.55 Kips 33.93 Kips 289.48 Kips
61.99 ft 273.77 Kips 33.93 Kips 307.70 Kips 'S
62.01 ft 273.92 Kips 18.60 Kips - 29252 Kips A= L5 :
71.01 ft 355.08 Kips 18.60 Kips 373.67 Kips ol '”/Q
80.01 ft 44408 Kips ' 18.60 Kips 462.68 Kips Al A N
80.99 ft 454.25 Kips 18.60 Kips 47284 Kips . _
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DRIVEN 1.0 |
GENERAL PROJECT INFORMATION

(,> Filename: C:\DRIVEN\LSR1.DVN '
' Project Name: SCI-823 " Project Date: 11/26/2007
. Project Client: Transystems o :
Computed By: sjr
_Project Manager: Nix

PILE INFORMATION

Pile Type: H Pile - HP12X53
Top of Pile: 5.00 ft :
Perimeter Analysis: Box

Tip Analysis: Pile Area

_Q_I_._TIMATE CONSIDERATIONS

Water Table Depth At Time Of: - Drilling: ' | 2450 ft

_ . - Driving/Restrike - 24501
‘ , : - Ultimate: - 24.50 ft
Ultimate Considerations: = Local Scour: _ . " 0.00ft
‘ ‘ - - Long Term Scour: -0.00 ft
- Soft Soil: ‘ 0.00ft -
ULTIMATE PROFILE |
O Layer Type Thickness Driving Loss  UnitWeight = Strength .Ultimate Curve
1 Cohesive 5.00 ft 0.00% 120.00 pef 1700.00 psf T-79 Steel
2 ~ Cohesive 27.00 ft 0.00% .120.00 pcf 900.00 psf T-79 Steel
3 Cohesive 30.00 ft 0.00% 120.00 pef 2700.00 psf T-79 Steel
4 Cohesionless 19.00 ft 10.00% 120.00 pcf 30.0/30.0 ~  Nordlund
| HP 12 x5%

Q . = .IHD -I-ons = 2%0 knff‘
ue - :

D= 65 f




~ ULTIMATE - SKIN FRICTION

Depth Soil Type Effective Stress Sliding Adhesion Skin
o At Midpoint ' Friction Ang!e ' Friction

001ft  Cohesive N/A N/A 0.00 psf 0.00 Kips
4.99 ft Cohesive . N/A N/A 0.00 psf 0.00 Kips
4.99 ft Cohesive N/A N/A 0.00 psf . 0.00 Kips
5.00 ft Cohesive NA N/A 1120.00 psf 0.00 Kips
5.01 ft Cohesive N/A N/A 732.50 psf- 0.03 Kips
14.01 ft Cohesive N/A N/A 751.30 psf 26.88 Kips
23.01 ft Cohesive N/A N/A - 793.89 psf 56.77 Kips
31.99 ft Cohesive N/A N/A 836.38 psf 89.64 Kips

- 32.01 ft Cohesive N/A N/A 1308.62 psf 89.73 Kips -
41.01 1t Cohesive N/A N/A 1460.00 psf 141.91 Kips

- 50.01 ft Cohesive . N/A N/A 1460.00 psf - 194.09 Kips
59011t = Cohesive N/A N/A 1460.00 psf = 246.26 Kips

61.89 ft Cohesive N/A N/A -1460.00 psf  * 263.54 Kips:
62.01 ft Cohesionless 5100.29 psf 22.59 N/A ‘ 263.66 Kips
71.01ft° Cohesionless 5359.49 psf - 2259 N/A - 321.34 Kips

- 80.01 ft Cohesionless 5618.69 psf 22.59 N/A 384.60 Kips .
80.99 ft Cohesionless - 5646.91 psf 2259 N/A 391.83 Kips
| L ULTIMATE - END BEARING : -
Depth Soil Type Effective Stress Bearing Cap. Limiting End End
_ ' At Tip “Factor Bearing Bearing

0.01 ft Cohesive N/A N/A . N/A 0.00 Kips
4991t Cohesive N/A N/A N/A 0.00 Kips
4.99 ft Cohesive - N/A . N/A N/A 0.00 Kips
5.00 ft Cohesive N/A N/A N/A 1.65 Kips
5.011t Cohesive N/A N/A N/A 0.87 Kips
14.01 ft Cohesive N/A - N/A N/A . 0.87 Kips
23.011ft Cohesive N/A "N/A N/A 0.87 Kips
31,99 ft Cohesive N/A N/A N/A 0.87 Kips
32.01 ft Cohesive N/A N/A N/A 262 Kips
41.01 ft Cohesive N/A N/A N/A . 2.62 Kips
50.01 ft Cohesive N/A N/A N/A 2.62 Kips
59.01 ft Cohesive N/A N/A N/A 2.62 Kips
61.99ft  Cohesive N/A N/A N/A : 2.62 Kips
62.01 ft Cohesionless 5100.58 psf - 830.00 1.43 Kips 1.43Kips
71.01ft.  Cohesionless 5618.98 psf 30.00 1.43 Kips 1.43 Kips
80.01 # Cohesionless 6137.38 psf 30.00 1.43 Kips 1.43 Kips
80.99 ft Cohesionless 6193.82 psf 30.00 1.43 Kips 1.43 Kips




Depth

0.01
4.99ft
4,99 ft

. 5001t

5.011t
14.01 ft
23.01 ft
31.99 ft
32.01 ft
41.01 ft
50.01 #t
59.01 ft
61.99 ft
62.01 ft )
71.011t°
80.01 ft
80.99 ft .

Skin Friction End Bearing
0.00 Kips 0.00 Kips
0.00 Kips 0.00 Kips
0.00 Kips 0.00 Kips
0.00 Kips - - 1.65 Kips
0.03 Kips - 0.87 Kips
26.88 Kips 0.87 Kips
56.77 Kips 0.87 Kips
89.64 Kips 0.87 Kips
89.73 Kips 2.62 Kips
141.91 Kips 2.62 Kips
194.09 Kips 2.62 Kips
246.26 Kips 2.62 Kips
263.54 Kips 2.62 Kips
263.66 Kips 1.43 Kips
321.34 Kips 1.43 Kips
384.60 Kips '1.43 Kips
391.83 Kips 1.43 Kips
D "I""l" (5

- ULTIMATE - SUMMARY OF CAPACITIES |
~ “Total Capacity -
. 0.00 Kips '

0.00 Kips

0.00 Kips
1.65 Kips
0.90 Kips -
27.75 Kips
57.65 Kips

- 90.51 Kips

92.34 Kips

144.53 Kips
© 196.70 Kips:

248.88 Kips
266.16 Kips

265.09 Kips y

322.77 Kips
386.04 Kips

393.26 Kips

Az 57.6%F
Aepe vt gy
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DRIVEN 1.0 |
GENERAL PROJECT INFORMATION

Filename: C:\DRIVEN\LSR1.DVN ~
Project Name: SCI-823 * Proiect Date: 11/26/2007
. Project Client: Transystems ' ~

Computed By: sjr
_Project Manager: Nix

PILE INFORMATION
Pile Type: H Pile - HP14X73
Top of Pile: 5.00 ft :

Perimeter Analysis: Box
Tip Analysis: Pile Area

ULTIMATE CONSIDERATIONS

Water Table Depth At Time Of: - Drilling: . 24501t

~ Priving/Restrike - 24.50 ft
- ‘ - Ultimate: - 24.50 ft
Ultimate Considerations: - - Local Scour: _ ' - 0.00#
' ' -~ Long Term Scour: -0.00 ft
- Soft Soil: _ 0.00 ft -
ULTIMATE PROFILE
Layer Type Thickness Driving Loss  Unit Weight =~ Strength
1 Cohesive 5.00 ft 0.00% 120.00 pcf 1700.00 psf
2  Cohesive 27.00 ft 0.00% .120.00 pcf 800.00 psf
3 Cohesive 30.00 ft 0.00% 120.00 pcf 2700.00 pst
4 Cohesionless 19.00ft = 0.00% 120.00 pcf 30.0/30.0.
HP 14 %73 ' |
1. = 190 tos = 380 KF
uwt .

D= ¢t

Ultimate Curve
T-79 Steel
T-79 Steel
T-79 Steel
Nordlund




 ULTIMATE - SKIN FRICTION

: Depth Soil Type Effective Stress Sliding Adhesion Skin
' At Midpoint Friction Angle ' Friction
(7 0.01 ft - Cohesive N/A N/A 0.00 psf .00 Kips
. 4.99 ft Cohesive . N/A N/A 0.00 psf .00 Kips
4,99 ft Cohesive N/A N/A 0.00psf . 0.00 Kips.
5.00 ft Cohesive N/A N/A 1120.00 psf 0.00 Kips
5.01 ft Cohesive N/A N/A - 732.50 psf 0.03Kips -
1401t  Cohesive N/A N/A 739.75 psf 31.32 Kips
23.01 ft Cohesive N/A N/A 774.93 psf 65.58 Kips
31.99 ft Cohesive N/A N/A 810.02 psf 102.74 Kips
-+ 32.01ft Cohesive N/A- N/A 1204.85 psf 102.83 Kips
41.01 ft Cohesive N/A N/A 1343.17 psf 159.65 Kips
50.01 ft Cohesive N/A N/A 1460.00 psf - 226.34 Kips
59.01 ft Cohesive N/A N/A 1460.00 psf = 288.09 Kips .
61.99 ft Cohesive N/A N/A - 1460.00 psf 308.53 Kips -
62.01ft  Cohesionless 5100.29 psf 23.58 N/A oo 308.68 Kips
71.01ft°  Cohesionless 5359.49 psf - 23.58 N/A - 384.83 Kips
- 8001t Cohesionless 5618.69 psf 23.58 N/A 468.35 Kips .
80.99 ft Cohesionless 5646.91 psf 23.58 N/A 477.88 Kips
s~ ULTIMATE - END BEARING '
Depth Soil Type Effective Stress Bearing Cap. . Limiting End End
_ At Tip - Factor Bearing Bearing
0.01 ft Cohesive N/A N/A N/A 0.00 Kips
4,991t Cohesive N/A N/A N/A 0.00 Kips
4991t Cohesive - N/A N/A N/A 0.00 Kips
- 5.00 ft Cohesive N/A N/A N/A 2.27 Kips
Q 501t  Cohesive N/A N/A N/A 1.20 Kips
14.01 it Cohesive - N/A - N/A N/A . 1.20 Kips
23.01ft Cohesive N/A "N/A N/A -1.20 Kips
31.99 ft Cohesive N/A N/A N/A 1.20 Kips
32.01 ft Cohesive N/A N/A N/A 3.61 Kips
41,011t Cohesive N/A N/A N/A . 3.61 Kips
50.01 ft Cohesive N/A N/A N/A 3.61 Kips
59.01 ft Cohesive N/A N/A N/A 3.61 Kips
61.99 ft Cohesive N/A . N/A N/A 3.61 Kips
62.01 ft Cohesionless 5100.58 psf - 30.00 1.98 Kips 1.98 Kips
71.01 Cohesionless 5618.98 psf 30.00 1.98 Kips 1.98 Kips
80.01 ft Cohesionless 6137.38 psf 30.00 1.98 Kips 1.98 Kips
80.99 ft Cohesionless 6193.82 psf 30.00 1.98 Kips 1.98 Kips




o

Depth

0.01 ft
4.99 ft
4,99 ft

- 5.00ft

5.01 ft

14.01 ft
23.01 ft
31.9G ft
32.01 ft
41.01 ft
50.01 ft

59.01 ft

61.99 ft
62.01 ft
71.01ft
80.01 ft

80.99 ft -

ek ags

- ULTIMATE - SUMMARY OF CAPACITIES

Skin Friction

0.00 Kups
0.00 Kips
0.00 Kips
0.00 Kips
0.03 Kips

31.32 Klps -

65.58 Kips
102.74 Kips
102.83 Kips
159.65 Kips

226.34 Kips

288.08 Kips
308.53 Kips
308.68 Kips
384.83 Kips
468.35 Kips

 477.88 Kips

End Bearing .

0.00 Kips
0.00 Kips
0.00 Kips .

- 2.27 Kips

1.20 Kips

1.20 Kips

1.20 Kips
1.20 Kips
3.61 Kips
3.61 Kips
3.61 Kips
3.61 Kips

"~ . 3.61Kips

1.98 Kips
1.98 Kips

1.98 Kips

1.98 Kips

b$ 71 .

‘Total Capacnty
0.00 Kips

. 0.00 Kips
0.00 Kips

2.27 Kips
1.24 Kips -
32.52 Kips
66.79 Kips

- 103.94 Kips

106.45 Kips
163.26 Kips

" 229.95 Kips

291.70 Kips

312.14 Kips ‘ -
31066 Kipsy A= 70.15 k-
386.81 Kips

470.32 Kips A/(.L e "/ﬂ

479.86 Kips




o | | . A. | Awn_.v_v b.omnmo
0058 LY EEE omN 4291

18

. 29

.
(o]
(») yadaa

Auoeden [e1ol l

| m:m...mwm puzg W
| :Of_._uo._‘_u_lc.v_mrlr:

o ~ eyewnin - ydets Auoede) Bupeog

Oanm TS _

NAQ® THST\NEATHA\ :D | __lewoTTa




@D I Z ’ “CLIENT, mrisus-/ems C'ar,ﬂ. . PROJECTNO. _@/2/-3070. 03
wpestfiverapbosmm PROJECTMWM_ML‘ SHEETNO. [/  OF %
: m PLaNERS - SURVEYORS  SUBJECT Ll Sints River — Rod Liall  cowppy DATE _//-/9-07
S

i, - Sid <7 . CHECKEDBY__ Ginf  DATE_((=2v—d%
.< r . J 3 ! j _mi..e.u ! o ;i ‘....z_..._.o,..lmw M« . ‘
Re: d‘eJivca ‘ ‘FHWH 'IF' ‘9‘11[9‘,2 5., 1. Dei ”lc} Shaft (Constinction] Procis

As%amng _,,,Smom ﬁw&{x&ﬁ IR
| | | '
Zene Fwﬁng./wscjﬁo slps ] |
i

s ard| Disign Hothods

qrormmadie e i s L SRV P - [ TEAPREY NPPIES FRA e

b T [ e o '“:; - Em B - T <R W NN O ISR SO ‘._m- S I Grpet
N 767“'5 (23 Oﬁﬂ}Zt/f 7 ,,,,, R S et : Z"‘ o *1%’-' | ggi 2l iffj

s s R I SRR S N .’5-90 T i Q-S-;__- s .-‘..;:.__..._. NN N S S
L fmg e QQS 6¢,7J€€‘:)[ m-f{‘l{'?Fﬂ‘*] e ,.?9 ‘/ 1\ (ﬁ""‘ SOUS DRSRE S

. E Zfs"eg.‘_./,*f.—g f
| 5] _
?2‘{5’?";1‘?’ o1 ‘x.__mo_u,erf,):m 750 gt ,""'Ms‘“""’"""éﬂ#? s0ch pst|
v o % : j: e * - .
| VI O ) -




\
wDI Z cUeNT__Tran fuﬂ‘ems C'ar.L PROJECT NO. _JZ,L__Z_Q_L____
ERONERRe + feTCTS — S PROJECTiQL&Zﬁ_&Muié_Eyg_‘I_ SHEET NO. Z___oF

o PLANNERS » SURVEYORS SUBJECT Seio - Rt h/el/ COMP. BY SAK  oaE 7/ /9207
N _&ML&_M A’}s;;#maf. | cHeckeD BY__ 4T oare f—z0=0"

. /ouerbosmc/)m FOUS N SR U OO R O U O
' . - "
. l . I - - -
. . B S

; . Za.é £ /. ‘. f“’j’f =\ YS0dpsic
ME‘. ) -\ﬁos'w.u . .

zpd] |3 11z josh |

w = ‘?,oar; p;J- U‘&'—-m 3.7 S00 pef | ~

nie HEREN

AR o -

{» 5250 psif LU 3 WA Sl pgsf| |
dod . ; |- —

e




ENG]NEERS * ARCHITECTS + SCIENTISTS
PLANNERS « SURVEYORS

‘CLIENT

N

ranﬁusxemﬁ )

pr

PROJECT S~ B2%  Parbamo

13

wth Bypass
SUBIECT_Larilore] Abutment Ret Wil (Lt)

Sk 823 over S 335 and Lite Seiote Pr

* PROJECT NO.

SHEET NO.

COMP,

BY _

0121 2070. é 2

/ e Y
SAH  owe_z2-808

creckeD By~ TS pare Jl-felp- T
*Fqbglnlwe,ln[’_ I\Ja” "'l}ol_wﬂggcgécu. a/‘{. J/’& aﬂ‘e Pilen £ e |
From| Provided 1pldns|: f;’;‘ ,ér?kx;s"‘ ,,Oam?l ’,' 754 AF ol lem &/t
' ‘ : Yo olf Cape, /|7 588
Astsurne, H= 200 eaoth o f a;.f’/é Lo
(lraftia. Loading. . % “|@l ) es\pet) £ 1250 pif | et Youdt]
Assuared| Bl Lorometors. Yi=/25 e | .
do d=lo| | a4 so] ]
= t - lgind ’
. _K,,_“ lHsihd ™ | O35
Lo Adsume i . 8" \ha .. Lelille |shatls | QlF | 25 D sdac ngl  (e-p) | min.| |
sl ' *Cms:/:/«fa'w/y %ﬁqm' s _sinll| Aerght| oVong Venls t4 RV
RN RN eran N
Te |
A R . '
3 . bW, fm;@ ___.A!_.__i._ —
T IREE
[ A
s | \
1 0 |
@ | \
‘ ’ o | .
z\‘-c ‘e__{_{:’ . . I ' \\ 23
; . /(\ adedid o-l{-w B @ 1.
i ko A |l ] AL
W — =
h.o i
!!, \\lt : < l
& L
2 dia. | 5 odfs | oy 10(e-
% / Lt sfacing
K te Ll e 1 oo 0 /




ED I Z CLENT__ raoﬁ.s Ams (Hﬂ PROJECTNO. _&/2/-3070. O3

ENGINEERS + ARCHITECTS - WPROJEGLM@M&ML SHEETNO. 22 OF /¥
PLANNERS » SURVEYORS SUBJECT Abet, £ Het u.// Z4)  comp BY 5 DATE 2-8-08
: : CHECKED B lﬁﬁ onre || ~felo-B

¥ §Loé;l">

Viedheal Bl | Hedd | beidind
p 1lm‘n§m% Walll dliad LJL;G}/'HL

Foo np, cleast: o‘c:.l + L |
Vebidle| Surkbacse |~ | vaeds of |20 popleart /?M/ b 2 WA\ /)
_ Cm/ Jia ,Mm/' /OQ ‘ ‘

Vr—/‘ i 4' &‘4{:;_...4_4: ey Ll T -Aﬂ‘fm 271 7(4 / COMpL Y n.zﬂa 7‘
i/ [4

UEJ?'_,@#/ J‘m& A L sadbag). f/ftl?{khﬁ i hall “’”’Zvl :
i RNk Tk i T T

DY E)

¢
£
1>
S
A
\n

EXxamp L Z n,/z, /a.-/rm.r

X
A A= G hzddoYids el A 43065 5 Jeklof bidih -
@ | A=l @28 ) eelo Y50 act) = 46 575 Vbt |wld
B LA O 4o ) solee £ )1 2] o Boo. 'St it
L@ | A =|gees19rsVesant)dzlzle] Plr Lot
. (S) - /:5;5 ’%_/0?’3 3(’257;2 )/S’a.s’)'a' F /555;3 ‘ q’/{ Lot
&l Foz (2.33) Z:S‘f),zg_f)(_;?o,c)’) A 2SSy | kieh _
{@ ﬁf'GQ"-{l‘ hof‘.’«-}m\{-‘,.l | oald ‘(tfi_ilﬂ_.w:l +a  lloks ipnde |ARSH Bl Ka, 2. 7 S5
Slorekd | [bad  aves /4n_4 “h | o £ - Yeed | 0l ;4‘/45?9222 ?‘7./-'3('9?
/E,.'_:: k"ﬂf [0 /,'nc.-vr jdrs")l ﬂ'Su.’mz aaﬁ'n? a/ E’.‘S’ﬂia“ézp& wa/‘/:
i /Ej'a "0/1/7 ;ff';/' K Ay /4 (é‘mA‘:/ Lo G-/fr?nm;.eg::.fl
1@,_ gﬁﬁt"’ﬂr‘rmvl'w, /:ac/ (Abddmint| wiatf onty )‘
A Plr Teinyededs, | OL pef Beain | i #.59 Kps

LiL }0_!« ."’d!)‘!.. 4 1ok e i:flﬂ %

-ﬁrf A THE gx//.’ D
oy

s

YDBEGTY!

N K N ,_ R - .
/:7!:. il <?572%)+/°?87;2!" - /Z?n/:é’j‘é _*r fer 4(174"2 4—1:’»)7&‘/‘4 slall,

L4 g 4
= | |02y A widih




.m&&.\ = FIF = s =""o sdy  gor =g
1\ o B (s e gy9 =" sdy 18 =g
PN Jau SeQ PNX
e q pse -+ 9y =d o F =4
052 = PNX 1984 88 =AIMX =9
0 =Jeq x 0l =N U velLl) =N
sdny 1'295Y =A o8y
G'28G/681 sdp  8'8v6 = SPe0T [EJUOZLIOH UORBWWNS
052yeLe sdp|  1'29S¥ = SpEOT [EOIUOA UOHBWIWNS
= yibue Irem
=bieH Irem
= ssauyoiy} bugoo
= Buey Jeno Bunoo4
= SMoJ Jjeys usamjeq Suioeds o/
:as_ ¢N~ L}
09889€52Y 10e)-d| ¥2LLL

ainonis Eo: umo_ ey 088L A q.l

Buipeo joeduw) 0 ) H el

feluozuoH - abieyaing ejoIyeA ¥/91 Gl 453 H 9

peo [elejeT] oS clE8 0l L£8 H ]

[eoiuap - abreyoing eoiysA gaGe- GglE¢e- v'erl A 14

wBlepm peeq bunood 0 0 L"/8P A 3

wbiap peeg liem Buluielay 99Ltp G.E'9 8L A c

WBlaM pee( [10S [BOBA €19t~ Gle'e- L'ey6l A i

1Y) peoj &IoH
wewolN | () wuy . aj peoq
paIOIOBIN pasojoejun | 1O ‘WeA

6081 (gvul) Bauy Jeys 7 (u) "eiq yeus MOY 1ed syeys Jo ON

&4 )y
go-2-2

Yys

smoy uaamjeq ‘Buioeds
Mol swes ul yeys o} Jeys ‘Buioedsg

(MV) llem Bujuielay Juswinqy ‘1aAly 01019S 33T 19A0 £28 HS
yy ..\a £ F77vS Alewwing Juswopy pue a2iod




o O

b4 ) .
E D I Z CLIENT [t systems  Lorm PROJECT NO. O/2/ Bo70 €075
/4

PROJECT___Se/- 3;.'7’5 pw;‘rm'o b Bypass SHEETNO OF
ENGINEERS * ARCHITECTS * SCIENTISTS b ‘l,&_..s ’

4
5 PLANNERS + SURVEYORS SUBJECT_SRE2D ovar Litle Senrts Krver., COMP. BY SAAL pae 2-8-08
A\ ettt oo RS CHECKED BY__~ )gw pare 11 Filp- 98

* AAM.J[!? .e,n/' L\/a//
Eroml R o0P Anal

/”f el e |
e S}}'m#ﬂ’“ ( 2 Ko g«{r 5lchitt {,A(‘J.‘)
A ETIE= M gy [£38 | \(OnpraTer £D)

Check..| 5

U\
N
3

V)= \@.olr '-‘4@ F lzaz |4
RN P
C{f%" (825 )/;,)7/*{,5&-@% 8V E N o) T | 12/ ¥
- " Bt e || lars) 2 ﬁ'a'*;%,{wgz) sl A
: AV | b ayzl2 mf{%f— g Z’/ﬁ',,'mz ‘‘‘‘‘‘‘‘‘‘‘‘

Lise. 3o < é; ar | (d o érfﬁj}

»'q Q"éﬂ ul ed Aaz@ = . /?.i.?fa'jw

x §/§m gfa/ //“‘{om;_\, 7’ Gmam f.,f{t ot Lonsidaied ’ tta%%aé

Y
Vit b | res q;é!/-r, QA u.a-?z oj-' rein f';q— Y’ .
( /1 S 0, Lo ...._,_..;.‘;5.-(,17/0:“ o 2.0 | thel minimben.  teswred
rock | socked  VYen 2 # / oyt g Y=l 28"
/’f’/ 440 ;-,-5 :s_,éa £ | Ailo | PLLssudds. | LXcee 50 K£s 7“’, I8 0 / (epdacs s
{ 214 VAP YY PPy %ﬁ,ééﬂé F"JQ/:: ;‘.m:: 4/}« A ng ¥ [iens +4
e ot ?‘74¢- Ve el 5 L;f/




Sheet 5 o f I

N\-Rl- =8

571 2-8-08

Abutment Wall (AW)
Shear Y dir (Ibs)

&

-1.2E5

-1.4ES

1 I {
(=
1 1 1] v g o < o0 LN e
1 ] _#Mw##ﬁ%ﬂ#ﬂ. 3+
e e R 4 a2 d 0 02 B3R
! ! NE KA A A& L EA
; ' P o4 &0000C000O0
1 1 1 1 1
i 1 1 ' 1
1 1 1 ' '
1 1 1 1 '
4 e [ [ ————— o dm e R
1 ] 1 1 1 1 1 1
1 1 1 1 i 1 1 1 '
1 i 1 1 ] 1 1 1 '
1 1 1 ' 1 i 1 1 '
i [ | 1 1 i i 1 [
1 [ t ' 1 1 i 1 '
1 [ 1 t 1 [ 1 1 1
R S R 4 . - 5OOO00D000000000
) 1 1 i i i i i i
1 [ 1 t 1 1 1 1 1 1 1
1 [ 1 ¢ 1 1 1 [ 1 1 [
i [ 1 [ 1 1 1 [ 1 1 1l
1 t 1 [ [ 1 1 i ' 1 i
i i 1 [ [ ' 1 1 i ' i
i [ 1 [ [ ] 1 g 1 ' 1
i ey i g s i k] r = = = - o P R ot e e
[ ' 1 s [ i ' 1 1 1 ' i
[ -+ 1 [ 1 ! I 1 § 1 ' ]
¢ 1 1 [ [ 1 ! 1 i 1 i 1
¥ ) 3 i 1 | 1 i 1 1 1 1 i t
I~ O ¥ 1 i ] ' i i ¥ ] i I '
h [ 1 ' s ' ' I i [ i 1 '
1 P 1 t ¥ ' t [ [ 1 i { '
g T | pl it e i b detudn 54 T r il = i St b It o e S e
1 [ ' i ' I 1 1 i [ 1 i § '
t ' ' [ H 1 { 1 [ [ i i [ '
t ¥ ' 4 [ i 1 t i i ' 1 1 '
t ] ' i i i 1 1 i [ t i [ '
t ] ' H 1 i ' t i i t ) s ]
1 I ' t i ' ' 1 i ' 1 ! § '
] 1 ' i i [ ' 1 ¥ f 1 1 ¥ 1
R R T ] (it B e 2 S f e s el T i [ T T B B S b
] 1 1 [ 1 [ 1 1 i ¥ 1 [ [ 1
1 I ! [ 1 ' 1 1 i ¥ 1 [ § 1
] 1 ] ] [ ' 1 ' 3 [ [ ' i 1
] 1 1 ¥ [ [ 1 1 ) ' 1 ' 1 1
] 1 t b 1 1 ] ' ' [ 1 ' ' 1
1 1 ! ] 1 1 | [ ' ' ' i 1 1
i 1 t ] t t 1 [ t ] ' I 1 i
RS = R Uil ettt et St T T [ T T A S S A R S R
1 1 [ 1 1 ' 1 i i b i t 1 1
1 1 1 1 1 I i t i i 1 [ 1 1
1 1 1 1 t 1 i t t 1 I ' 1 1
1 1 [ 1 t 1 i 1 t 1 i 1 1 1
B 1 1 § 1 ! ! i ' i 1 i ! ' !
o 1 1 i 1 ] | 1 ' i 1 i ! i 1
L. i iy S o I N R T bowndeailaereiidaeemenie s ewehaoememsns | D — b oo | SR U { A | SN S - - S,
d 1 ] [ i 1 T i i v 1 t | i 1
1 1 L] i t i 1 i ] 1 i ] i i
1 t i 1 1 1 f t t 1 i 1 [ i
1 t s 1 ' 1 1 1 t [ ' 1 i 1
r 1 1 i 1 t ' i [ t [ ' 1 ' 1
1 1 1 1 ] 1 1 3 i 1 i 1 ' €
- ] ' i 1 1 i 1 i E i ] 1 ¥ 1
(5] Loopopamas Vot e — = IS | WS I — LI | I, [ e e ] SN B £
. 1 ' 1 1 ' { t 3 ' 1 ] [ [ ]
1 ' i 1 1 { 1 1 [ 1 1 i i [
1 l i 1 1 ' t 1 ' 1 i I [ £
1 ' 1 1 ' 1 t 3 [ 1 t 1 ' [
1 [ 1 1 [ 1 ' 3 i ! ' i i [
1 I t 1 i l i i I 1 1 1 ' [
B 1 1 i 1 1 ] ] 1 ] 1 i 1 1 ]
I I T N A T T NS N O NN RO L N N N NN NN (N N (OO T (N (N N IO N O O TN O O T N N T T O O OO OO [N T T T T O O O O N N O O 1O OO [ (N N s
1] oz oy 09 08 o001 0zl ovi 091 081 002 0cc o 092 082 00¢



[[-F,-R

Sheet G o £ M
5’7/4 2-2-08

Abutment Wall (AW)
Moment Z dir (Ibs-in)

-1.2E6  -1E6 -8ES -6ES -4E5

-1.4E6

-22E6 -2E6 -1.8E6

-2.4E6

-1.6E6

s e el st e e

[
— ; XK O =
..... FYEIRRRERS
2y ¢ 9 e 9 0 3 Y
EAEELER & £ &
;o044 000000
] ]
||||||||||||||||||||||| VRN SO SR
i 1
t ]
1] 1
i i
I i
............................... dunansienlnmsrsi
I i
I i
I i
1 1
R R
[ T EOR I PR — !
i i
{ i
{ i
] i
llllllllllllllllllllllll s e s B R e
] i
i 1
L] 1
H 1
i i
|||||||||||||||||| e S S A A R S
i I
i i
i 1
) 1
] 1
||||||||||||||||||||| . —
[ i
' 1
i 1
i i
] i s
e B
] 1
t i
B i
1 }
llllllllllllllllllllllll v il s e S
3 i
B i
t i
1] 1
1] 1
||||||||||||||||||||||||||||||||| |.I|.i4lxiw\1"t.t.&.i.!.!.lll
1] ]
] i
3 i
¥ i
] 1
........................ s
] ]
3 [
3 1
] ]
] i
e T T e T [ G PG T ittt -l [ T - =" T-~--°-°°
i i i H ] ] ¥
I I i 1 i 1 1]
i 1 1 i I 1 1]
] 1 1 1 I 1 ]
b s b [[SURESP.. ;U A— S [ D S AP
i 1 i 1]
1 ] 1 1
AN TN N TN N T A O T N T O W 0 O O
0ze ove 09¢C 08T 00t




O @

@DL Z CLIENT Trar Si sthons Lorod PROJECTNO., _ O/ 2/~ Bo70.¢75
- 87 2 Prtemoush Bu Z /Y

ENGINEERS * ARCHITECTS * SCIENTISTS PROJECT_S ¢ SHEET NO. OF

PLANNERS « SURVEYORS  SUBJECT_/etam ire wodl __(Forwond a%_)_ COMP. BY 64@ pATE _Z-8-08
= SE 223 sue Litthe Siots Rries CHECKED BY oe (-5l 93

¥ Q&‘%ﬂrr?iﬂé,\nﬁk” hatl /0 Al /l—f’ -,J"g Cl/f'?nﬂ'%n'lt‘
Fron __ Poluided ,;Oi/m [ A bistest pointy | Tip bl ed < ale

Ny

v
! ‘ Lot LAkl V=58

{4
/f:éiw?:& /;/*' SO

* Bedause f‘e:kzr'rufz:}_é}.‘...._._ Il

YR diamleter Lha £45_ latl ..Hm. _Qotnes] o T
aff | stedion \supperted | by | 26" charetrr | sihaifts
/

sepPlardecl| by | olrilhod shafbsl vs|

Assume.t 300 diameter | doilled spatte|  |af 133% D | spading. &-r)imn.

v
Cms&m 74‘4) 4/ bsSunme. | QX truch_ el Lidrg 47 aleag, lﬂaﬁ%a N4

_‘_E& RETHINING WALL __ Refer [to abudrent | wall_Lor | explination b4
N E2H logds| ard sample '

[

T
6-1‘3
;

1
|

N

| |
Cbﬂ'\'m'»:; 4 ‘(‘ G@ \ £

élna{-% : f‘ouP

..... 1 A Shecing.

2.0 0 . ' '
&2 l? - 100 ){(? _




! c_ci.s.&. spls
VA IPUHS IS
oo Lomﬁéﬂ .

4ybrc fps
tps 7pr) 04 £2Q”

L101

i g0~ ="
183 » 928 =0
0 =Jeqx

0SLE0EC
0000085

0000022s€E

(2vun) eBlY Yyeus

}

¥6¢c

sdpy
sdpy

I\AT
052 = PNT

OL =N

EETR) |

Buipeo 1oedw

[eluozuoH - ebJeyoIng soIYaA
peoT [eigjeT [0S

[eopue - ebieyoing ooIyeA

ybam peeq Bunood

Wblem peeq Irem Bulurejey
Wwbiom peaq J10S [edluaA

| (u) "e1g Yeus

& P+)

ge-8-z2 yrs

¥ ="y
85 =g
. PNI_N _
062e =d g v A F—=d
199} 90 =ATIMZ =°
| Si9%1 =N
sdny 0°006¢ =A No8yo
sdy  6°ISEL = $peoT |eJucZUoH uolewwng
sdp 00062 = SpeOT [BOIUOA UOHBWWNG

= yibuen IlEm

= WbieH Irem

= ssauwyoiy) Bunooy
= Buey Jeao Bugoo4

= SMoI JJeys uaamjaq bujoeds o/

G/9b1
0 0 A q.
0SEE G'EE H e/
9581 Sl H 9
1826 0b H G

{ZL1- GL'0- £051 A 2
0 0 002y A 3
8281 S2'9 £62 A 4
€251~ GL0- £'1€02 A L

(4-dix) .
(sdiy) peoj | ¢IoH
juswop | () uny ; Qi peo
peioloBjN paiojorun | 10O ‘UBA
moy Jad syeys jo oN

smoy usamieg ‘bujoedg
MOI ewes uj yeys o} yeys ‘bujoedg

(Mmy) llem Buiurelay ‘19A1Y 01019S 3|3 JBAO €28 HS
Alewwing juswiop pue 32104

h Fo.8 775




& C

@ D LZ CLENT 7 ran Sy s’/m-f ) Cﬁlg PROJECTNO. QL2 /[-3070.02
PROJECT___S&/- 82"5 é"f‘/s‘/no& an 54 SHEET NO. g oF /4
ENGINEERS * ARCHITECTS » SCIENTISTS
ranneRs + suwvevors  SUBJECT_Redaimng Wall  (Foresacd Abudmesd) cowp sy __S74, DATE 2-B-08

i\» s£ 32’-27 oves 'JL/L& LJ’#/L éﬂ'd /D Pflfﬁ.x" CHECKED BY, ‘L,”M DATE}"?Q\J’Q‘B
Zg,.‘de )?f'/é’/q_ M f{/
FHom (GRoUP ‘/4’.%[15:_::.&;
per | she ff | (12 \Bobis | oif | G khefde cded ) .
Vparl= 1137 5 Mo £ | /17 &5 || Amacoren )

ﬂégf-&.é- ‘@!Eﬂv’“

Mdsuine| _la ‘Ganer % Faad }4%4 NI '
V;:ﬂ 90(/ 7"":/) = P70k & V= o9k ]

]
~)
N

e

E":-:e'. L
7 ) /moo,)_

BV EXSD R end

A ( 6901’-51)(’3@ {:/ ol Ay

Ll Ll e me ] =l (besy Tl | ‘
&
!qv:C O“/ﬂﬂz - >Lf/? # £9?Zm?'
[j<:¢ #5  bar |@_ 2" Loteh

X | Sheer  and M avm dnt Qa/J u-f'#y A gl don Sf'ﬁ[tﬂ—a/
ar/ ,{ yﬂ‘lc. /@;J—/;; q. éa S6r z—é 4 Gl et o-if et ﬁs(a;m«nrh .

7 :
* [/«z’n;‘ al lead ,‘;4:{6/‘ o fl 2.8, | the | myninkm /‘-rsmttm/
fock lsocket | Jenalth| | Loy T 180" ¢ 451




m H i ! i ¥ 1 i i 1 i 1 I “ o
— 1 i 5 1 | i ! — o <t —~ [
” “ “ M " 1 i [ t 1 l i t #ﬂ##ﬁ%#%ww#
T 1 1 i i 1 ¥ | 1 ] 1 1 khkh]]mm.hh
' t [ t ! ' ! ' 1 1 = Foolw ol S .
¥ t § t . 1 1 i ' 1 1 a4 o 0000
1 1 i 1 ! 1 [} 1 1 1 . z
1 i i 1 I 1 1] ] 1 1
1

2-8-¢8

-kl -

Sheef 10 of 4
;/ﬂ

Retaining Wall (RW)
Shear Y dir (Ibs)

-1.4E5

£111

1
1
!
;
!
1]
i
i
08 06 00

() pdaq

[ |



l{- Fel, 08

54&/ // bf /H
s’/,( 2-8-08

Retaining Wall (RW)
Moment Z dir (Ibs-in)

[} b i I o

1 [ ! 3 I~ 00 O =

: ‘ ' i ' ERSIRREER

_—m.,. o B R—— T N— 1|8 2 s 2 0 9 2y
,, & ol ol VI . W W i
> 4 000000

----|oPile#2

2ES

-2E5

-4ES

-6ES

-8E5

-1.2E6

-14E6
(=]

2

Q

o]

o

8

g

=

g

<

2
e




c O

@ D I Z CLIENT / rmqug/m»s 7 o PROJECTNO. OFE8/~2070.073

PROJECT Sl = B2% Portsmputh Bypass _ SHEETNO. /2 OF 14
S SURIECH, rwocd Abutucat £of Wall (44)  comrey S AK  one 2- -£-0
5L 82% over R 3235 oumd Lith Sves Fucrickenny R oae [l

,,,,,, ¥ Rd'@wmt},if\fa” e Péd el +Fo a.f;ﬁnlmm?{" ¥ S PEAD | FROTIA S %
of | vl &l 624 3

e
¥ Seckien | A5 || Tip
' 7

Beat lo# cep el |toyo
Asswme,  H= 202 |H. H;ﬁ'_.f TWichmess & Yo W
Lo donde b | Kehi .«néaﬁz!eirzf_.m ArAS
L RETRIIAIG WALL | explinadion| of [oacls_dad :

. @ 554?7750 AA | A.._._Aﬁeﬂ:/’é calewlafiens -

0 o
| ,
) " [0 ?
’/ﬁ«fw‘ﬂcof Bl L X2 e | | _|Fr B0 AR & ¢
,,,,, 4 ..Z[éﬁk:c..m/éa.d{ (hg. |7 280 psf
"/ ,,,57 g Z-ﬂ{a/’-‘“@m = A kbs 1,04.,’ {’n&ﬁ’__;ém:/' Hetina 3:5"&&%‘@ e [

F
N
W
N

o

o
1
N
N
4

)

=
Y

f

",
38

=

- é{%ﬁgj 4,”{’ fﬂgfrdm AW A m:ﬁfom?xé, /]d

Lol A | Bored abel| Mt | Londner

b {1
""\.,,‘\"‘

i
=

T
A

?“’A 'A’/é'ﬂjﬂ ,;Qd‘?d 4




0L'L = buipljs S
S K¢ _ sdny 902 = @ouE)siSey
- >.~HN =8d sdiy rArd} =1sny] %00Y uo S50 =7
llos €E0 =By saaibap oe =¢
uonRaalg-A sdpy 2732l = SpEOT [BlUOZLIOH UoRewwnS
uonoaNg-X sdpy g'le = SPEOT [EJIUOA UORBLIWNG
= 6ieH Irem
= ssawyoyi Bunood
SBIp=A ] | = uipim Bupooy
80't = m:.:..:tgo sS4
SnumpAQ )
W =q sjuawopy BuiuinpaaQ jo wng 6
Bunsisaq pr syuswop Buysisey jo wng 162
21njonAs Wiolj peoj {eixy (o] 0 000 00 A qz
Buipeo yoedw| (o] ol 08'€2 02 H 2
[ejuozpoy - ebreyoing ejoiyep o] £l GL0L L'l H 9
peoT [eieje |iI0S (o} 99 119 _G'8 H G
BPI08I0ON] [edjueA - ebreyoing ejolyeA | veh AEECl) A ¥
_ . ybBiem peaq Bugooy d g9 00°L v'8 A 3
ybieyA pee(q Ilem Buiureley d 82 SL'0 L€ A ]
Wb M pea( 110S [edILeA H 161 ql'l G'6Z A 2
BuiunpeaD | upim 3 sad (i uipm 3 sed
o -dpy) uswopy | () uuy (sdny) peO [¢'10H IO "WeA| @l PeOT]
Bupsisay | palojoejun palojoejun

P4 oz
go-8-2 W
fl Pt

[lem Jo 80} Inoge uuy

sbunood peasds uo papoddns jjem
V-V uonoas (my) llem Bujuielay ‘1aaly 01019S 3jHIT 1910 €28 HS
Alewiwing JusWoW pue 824104

¢ Q\WW.\




sv'L = buipyIs 4
H
4 o sdpy  Zgz  =eouesisey
n g © sdy  18L =Syl %00y uo sso =7
1os £E0 =%y seeifep ot =
uopoag-A sdiy L'gl = SpEOT [RJUOZUOH UORBWWNS
uooalig-X sdiy VAVA 4 = SPEOT [BOIBA UOHEWWNS
1084} =ybieH Ilem
N 198} | = sseunoiy} bunoo
UOTDSHPrATH| 198} = yipim Bupoos
v9°Z = BUjUINLOAO S4
SumpLAQ
L2 S suewo Buinpero jowns oL
m.__;_ﬁxz sjuatopy Bunsisey jo wng 0.¢

2injonis Wolj peoj [eixy 0 0 000 00 A qL

Buipeon 10edw) 0 91 06’62 0'¢ H B/

feluozyoy - efiieyaing apIiyap (0] Ll 00°El 12 H 9

peon [elele] jI0S 0 801 198 6'cl H ]

[edia - 8bieyoIng ejIysA H R TR B R A 14

wbiem peeq Bupoog H g9 002 ¥'8 A g

wbiam peeq llem Bulureley H 8E SL'0 0's A c

wbieMm peeQ [10S [BOIOA H 992 Gl'L ¥t A I

Bujuinpeap|uipim 3 sed (i yipim Y sed
10 -dpy) uewoly | () uuy (sdiy) peoq [¢4OH JO "WAA| @I PEO]
Bunsisay | palojoeun pailojoejun
|lem Jo 80} Jnoge uly

i pasn aq Aew sbupooy peaids JI 88s 0] UOKROBS Sitf} }o8yD
w?..-m.h =) \ &\‘v\ / sbupoog peasds uo pepoddng jlem
‘ \.r g-g uonoas (Mmy) llem Bujuielay ‘1aAlH 010198 3T 4910 €28 HS
ge-€2 i3 Alewwing Juawo pue 32104

b7 So b TYE






