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BRIDGE TYPE STUDY NARRATIVE

1. Introduction

TranSystems is providing engineering services to the Ohio Department of Transportation for the design of new
overpass structures for the proposed S.R. 823 ramps at the U.S. 52 interchange over Ohio River Road. This
bridge type study will address the overpass structure on Ramp B, which carries southbound traffic from S.R. 823
to eastbound U.S. 52. As requested by the Scope of Services, a Bridge Type Study report is to be submitted
before any plan development. The purpose of this report is to investigate various span arrangements,
superstructure and substructure types in order to determine the most appropriate and economical structure type
that will meet the project requirements. Initial Structure Type Study reports for two separate structures carrying
proposed Ramp B over US 52 and Ramp B over Ohio River Road, dated 7/15/2005, were submitted to the
Department. Comments, dated 9/8/2005 and 9/20/2005, were in turn received by TranSystems. In the comments
provided by ODOT the reviewer recommended that the structures be combined by eliminating a narrow section of
embankment between the bridges. Since the PAVR submittal the alignment and profile of Ramp B has been
revised. The revised horizontal alignment of the ramp was shifted east to provide more clearance for future
Norfolk Southern tracks and also eliminates a superelevation transition on the structures. The revised profile
raises the elevations of the proposed Ramp B over US 52 from the elevations specified in the July 2005 PAVR to
provide additional depth for the structure. This follow-up Structure Type Study presents the changes in alignment
and profile as well as alternative bridge types that are investigated in accordance with the 9/8/2005 and 9/20/2005
ODOT comments. As a result, three (3) alternatives for construction of the proposed Ramp B structure over US 52
and Ohio River Road are evaluated in this study and are designated as Alternatives 1, 2A and 2B. Each of these
alternatives is evaluated with regard to estimated construction cost, projected maintenance costs, horizontal and
vertical clearances, constructability and maintenance of traffic. Discussion of these alternatives is presented later
in this report.

2. Design Criteria

The proposed structure will be designed according to the current version of the Ohio Department of
Transportation Bridge Design Manual (BDM) and the 2002 AASHTO Standard Specifications for Highway
Bridges. Horizontal and vertical clearances are based on the Ohio Department of Transportation Location and
Design Manual (L&D), Volume One — Roadway Design.

3. Subsurface Conditions and Foundation Recommendation

DLZ Ohio, Inc. performed the subsurface exploration for the proposed Ramp B and prepared preliminary bridge
foundation recommendations which were presented in Section 3 and Appendix E of the original 7/15/2005
Structure Type Study report. An updated Subsurface Exploration report, dated 10/24/2006, has since been
prepared by DLZ Ohio, Inc. and is presented in Appendix E of this Type Study. Five test borings (TR-62, TR-64,
TR-66, TR-73A and TR-71A) were drilled and all of them encountered bedrock at depths between 6 and 17 feet.
Overburden consisted of natural granular and cohesive materials except at boring TR-64 that only encountered
granular materials.

DLZ recommends the following three possible solutions for supporting the Ramp B overpass abutments:
1) pipe=pites=placed-in-prebered-holes=t2-inehesdarger-thanthesdiameter-of the*pile"and a minimum-of-5"
~geep-inte-bedrock;
2) drilled shafts socketed a minimum of 5' into competent bedrock; and,

3) spread footings bearing in MSE fill.
s \
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To support the proposed piers, DLZ recommends using drilled shafts socketed 5' minimum into bedrock or spread
footings bearing on the bed rock, each with an allowable bearing capacity of 80ksf. Additional discussion of the
selection of the foundation types for each substructure can be found in the alternatives discussion. Please refer to
Appendix E for further information and details regarding the foundation recommendations.

Preliminary MSE wall evaluations were performed by DLZ Ohio, Inc. as well and are presented in the Preliminary
Subsurface Exploration report of Appendix E. These wall evaluations reveal that MSE walls can be used at the
rear and forward abutment locations for all Alternatives, DLZ anticipates that the MSE wall at the forward
abutment will bear on or near bedrock whereas the MSE wall at the rear abutment will bear on either native soils
or compacted granular fill (CMS Item 304) if loose, soft, or compressible soils are encountered at this location.
Please refer to Appendix E for further information and details regarding MSE wall evaluations.

4. Roadway

The purpose of this project is to construct a new bypass state route - S.R. 823 — around the town of Portsmouth,
Ohio. The proposed alignment will carry two lanes of traffic, 15 plus miles in either direction, from an interchange
with US 52 just east of the town to another interchange with US 23 north of the town in Valley Township. As part
of the US 52 and SR 823 interchange on the south terminus of the proposed bypass, Ramp B carries southbound
traffic from S.R. 823 to eastbound U.S. 52. The proposed Ramp B bridge will consist of one 16-0" travel lane with
a 60" left shoulder and a 8-0 right shoulder with 1'-6" straight face deflector parapets. Thus the bridge deck
width will be 33'-0" out fo out.

Vertical and Horizontal Clearances - The vertical profile of the ramp is dictated by the depth required for
the structure. Vertical clearance was considered critical at this structure location. Ohio River Road is
classified as an Urban Minor Arferial roadway and US 52 is classified as an Urban Principal Arterial.
According to the ODOT Location and Design Manual, Volume One ~ Roadway Design, Figure 302-1E, a
preferred vertical clearance of 17-0" (minimum of 16-6") should be provided over Arterial roadways such
as the ones at this site. More than 16-6" of required vertical clearance could be provided for the
alternatives considered for this study with more than 17°-0" vertical clearance for the preferred alternative.

Horizontal clearances will use guardrail or concrete barrier due to the skew of the crossing and the impact
on span lengths. The minimum horizonta! clearances under the structures will be in accordance with
Figure 302-1E and the other sections it references. A description of the horizontal clearances follows:

US 52- The design designation of US 52 is an Urban Principal Artetial road with a 2030 ADT of 39,400 as
shown in the PAVR submittal and as given by ODOT Office of Technical Services lefter of 6/2/05. US 52
currently has uncurbed outside shoulder with drainage ditches. Using this roadway classification in Figure
301-3E gives a guardrail offset of 12-0" and a concrete barrier offset at the edge of the treated shoulder
of 10-0". Improvements are not planned on US 52; therefore, the proposed guardrail offsets along US 52
will match the existing guardrail offset of 100" to the outside right shoulder. This offset will be used for
proposed guardrail or concrete barrier along with the barrier clearances in Figure 603-2E behind the face
of the barrier. All alternatives include a pier in the median of US 52, thus, reducing the width of the
existing median shoulders. The shoulder width proposed is 4'-0" which is below the minimum design
standards. TranSystems is preparing a design exception for the median shoulder width at US 52.

Ohio River Road (CR-503)- The design designation of Ohio River Road is an Urban Minor Arterial and the
ADT is unknown but it is assumed to be greater than 4000. The design speed is obtained from Figure
104-2E of the ODOT Location and Design Manual, Volume One — Roadway Design, recommending a
~design speed of 40-50 mph. The posted speed on Ohio River Road is 45mph and therefore a 50mph




design speed selected. Using this information in Figures 301-4E of the L&D manual the offset to the
concrete barrier is at the edge of treated width of 10°-0". The concrete barrier will be Type D per standard
drawing RM-4.5.

Alignment & Profile - The proposed horizontal geometry is along a curved alignment across the entire
length of the ramp structure. The curve alignment may be defined by the following parameters: PC =
Station 31+94.17, PT = Station 52+11.25, A = 32016'24", D. (degree of curve) = 1°36'00", R (radius) =
3580.99', L = 2017.08', T = 1036.08', and E = 146.87". The proposed Ramp B structure is positioned
within a horizontal curve, therefore the deck is superelevated. The superelevation rate and layout are
based on Figure 202-7E of the ODOT Location and Design Manual, Volume One — Roadway Design
(using a degree of curve of 1036'00" and design speed of 60 mph) and Figure 205 of the ODOT Bridge
Design Manual, respectively. Using these design references results in a superelevation rate of 0.043 ft/ft
(4.3%) across the ramp travel lane. The proposed ramp profile is located on the right edge of the traveled
lane and is along a vertical curve beginning at 37+50 with PV| at Station 41+50.00, PVI Elevation =
573.47, g1 = 3.70% and g2 = -0.87%. The horizontal and vertical geometry for all alternatives considered
are the same. Horizontal and vertical sight distances, in accordance with the design standards, have been
provided for all alternatives.

Several roadways, properties and two Norfolk Southern tracks are closely aligned in the proposed U.S.
52-S.R. 823 interchange; necessitating the investigation into the use of retaining walls. The limits of the
retaining wall along Ramp B have been determined in the Retaining Wall Justification and included in the
cost comparisons. Please refer to Appendix F for further information and details regarding retaining wall
justification.

Drainage Design ~The profile on the structure is in a positive grade of 3.70% leading into an 800" vertical
curve starting at station 37+50. The high point of the vertical curve is just beyond the forward abutment at
station 43+98, thereby draining the pavement towards the rear abutment. Pavement spread calculations
indicate that the spread will be contained in the shoulder for the length of the bridge beginning from the
high point. In accordance with Section 209.3 of the BDM, it is recommended that the collection of storm
water runoff will be addressed off the bridge requiring an inlet and longitudinal storm system in the MSE
embankment off the bridge. Also discussed in Section 209.3 are MSE walls and expansion joints, which
are both items in use on the structures investigated for Ramp B. Therefore, additional consideration
maybe given to placing scuppers on this structure to reduce the maintenance that can be associated with
the modular expansion jomt at the rear abutment as well as the MSE supported ramp embankment. At the
request of ODOT, seuppersrcouldibetincarperated into Alternative 1 at approxumate!y station®86%26°and
40%#60=to minimize the amount of water that would traverse the modular expansion joint and MSE
embankment. If scuppers are to be given additional consideration for Alternative 1, consideration should
also be given to the deck overhang used as well as the associated pier overhangs.

Utilities - No utilities will be placed on the bridge. However, lighting and ITS conduits will be provided if
necessary. Alternative 1 requires the relocation of a waterline that runs parallel to Ohio River Road.

Maintenance of Traffic - While the new bridge is under construction, traffic will be maintained on US 52.
Alternative 1 will use portable concrete barriers along the median and outside shoulders of US 52 placed
such that 2~10" lanes with 1' clearance to the barrier can be maintained through construction of the pier
foundations. The placement of the barriers will allow for a minimum clearance of 6'+ to nearest foundation
element. Alternatives 2A & 2B will require the placement of portable concrete barrier along the median
shoulders to provide for the construction of the median pier. The close proximity of the rear abutment and
MSE wall to US 52 eastbound will not allow adequate clearances to permit simultaneous work on the pier



foundation and MSE wall. Construction of the two substructures will need to be phased. It is anticipated
that there will be additional limited closures during construction of the new structure for significant
construction events. Cost is included in each of the alternatives.

5. Proposed Structure Configurations

Alternative Discussion - The location of US 52 and Ohio River Road and their associated
horizontal/vertical clearances dictated most elements of the structure configurations. The proposed
crossings with each road are at skew angles of approximately 70° and 60°. The excessive skew angles
will create construction issues with the turn-back MSE walls as well as structural steel, as noted in the
9/20/2005 review comments. Due to the potential construction issues associated with the high skew, it is
recommended that the skew (between the reference chord and substructure units) for the proposed
crossing be limited to 30° maximum. The high skews create approximately aa2iSisclearsp; pebetween the
quardrallsof s 52, as measured along the baseline. Therefore, the placement of a pier in the median of
US 52 is considered for all of the options. Agstraddiesbentiover:dS:52"was considered to eliminate the
median pier. However, the straddle bent must span approximately 100" over US 52. The use of a 100’
long non-redundant element was considered unacceptable and met'earriedferward'as a feasible pier type.

Using a 2 span straddle bent did not eliminate the pier column in the median of US 52, and was not
considered.

The span arrangements investigated began from the median pier and placed piers or abutments at
appropriate locations and skews (up to 30°) to meet the minimum horizontal clearances and other design
constraints. The span configurations were refined to the layouts discussed below (and shown in the
Structure Type Alternative Table).

One span configuration dismissed and not included in the detailed discussions is a four span
configuration of approximately 230'-230-140"-140". The end spans are over US 52 EB and Chio River
Road. The four span alternative was dismissed due to the unbalanced span arrangement and the
corresponding steel weight of the preliminary design trials Sidnotsindicate®any=savingsoverthe other
woptions.

Structure Types - Three alternatives have been evaluated in this Structure Type Study, and are
designated as Alternative 1, 2A and 2B. The appropriate structure types that were considered are outlined
in the Structure Type Alternative Table.

A preliminary bridge construction cost has been prepared for the three (3) Alternatives (See Appendix A).
The unit prices were based on ODOT's Summary of Contracts Awarded Year 2004 and were inflated
3.5% each year to the 2008 sale date, unless different unit prices were recommended by ODOT in August
2005. These estimates were used as a guide to select the most economical alternative. Maintenance
costs such as painting, overlays and re-decking were included for each Alternative.




STRUCTURE TYPE ALTERNATIVE TABLE

Structure Type
Alternative 1 2A 2B
SUPE;?;:CWG 5 Span Continuous 3 Span Dog Legged Continuous Steel | 3 Span Continuous Curved Steel Plate
Description Dog Legged Steel Plate Girders Plate Girders Girders
Proposed

Beam Spacing

3 Spaces @ 8'-7" to 8'-7 1/2"

3 Spaces @ 8'-7 1/2" 0 9-5 3/8"

3 Spaces @ 9-0"

5(130.0"-193.08'-193.08'-170.83'-

No. of Spans 1415) 3(216.0'278.92-216.0") 3(216.0'278.92-216.0")
Abutment ; ' .
Type Stub Type Abutments with MSE Walls | Stub Type Abutments with MSE Walls | Stub Type Abutments with MSE Walls
No. of Piers 4 2 2
Pier Type Single Column and T-Type Single Column and T-Type Single Column and T-Type
Substructure FRiAT S——— S AANA
Ohentatlon 90°00'00" {to Ref Chord) 30°00'00" (to Ref. Chord) 30°00°00" (to Ref. Chord)
Approximate i ; ;
Bridge Length 828.50 710.92 710,92
Approximate
Structure
DeEth 8.5“ 8.75" 8.5"
slab 2:' 2!! 2}!
Haunch i " "
clrder 70 117 117
Total 80.5"(6.7083) 127.75°(10.64583") 127.5"(10.625")

Alternative 1

Span configuration: Alternative 1 is a 5-span bridge with spans of 130-0", 193"-1", 193-1", 170*-10",
141-6". The bridge overall length is 828.50' from centerline of bearing to centerline of bearing (measured
along the curve). This span arrangement was investigated in direct response to the 9/20/05 comments
recommending a 5 span structure. The span arrangement meets the horizontal clearances required and
as close as practical to the span ratios of ODOT BDM 205.6. The substructures are oriented normal to the
reference chord between the centerlines of the bearings to minimize the excessive skews. The span
layout began at the median of US 52 where a single column pier 5-6" in diameter will be placed as
discussed earlier in the Alternative discussion. Working towards the rear from the pier at US 52 (Pier-2) a
T-Type pier (Pier-1) was located to provide the minimum horizontal clearance from US 52 when using
Type 5 guardrail and a span length (span 2) of 193'-1". Se=cap-of-the=T=Fype-pier-will-overhang-the
wshoulder-oflUS-52-but-provide-adequate.clearance: Continuing toward the rear, the rear abutment is
positioned to avoid an existing storm outlet. The position of the rear abutment creates an end span of
1180'0"and-also-provides-for-a-spansratioof:0.67.to preclude. uplift: Working forward from Pier-2, Pier-3
was located to provide for the same span length (193'-1") as the previous span. Pier-4 was located
similarly to Pier-1 to overhang the shoulder of Ohio River Road. The location of Pier-4 and dimensions of
the pier provide for the minimum horizontal clearance and a 170'-10" span. Continuing forward, the
forward abutment was positioned to provide the minimum horizontal clearance using concrete barrier cast

against the proposed MSE wall.
j ystems >



Substructure:

Abutments: The abutments will be stub type abutments (A-1-69) with MSE walls. DLZ
recommends three different foundation options for the proposed abutments. Spread foundations
bearing in the MSE wall fill were not considered for this location due to the high axial loads
anticipated and also consistent with BDM section 204.4. High axial loads are anticipated however
high lateral loads of uplift loads are not anticipated at the abutments allowing for the use of pipe
piles. Based on this information, DLZ's recommendations, and cost estimates, TranSystems
consequently believes pipe piles are the best foundation type for the abutments. The details of the
abutments and MSE walls will follow ODOT Standard Construction drawings.

Piers: Three piers outside of the US 52 median (Piers 1, 3 and 4) will be T-Type piers and the
pier in the mediaeFUS 5eaesingletcolumn-pierwith:asreinforced:conereteseap. Due to the high
skew angle it was advantageous to allow the cap of the T-Type piers to overhang the adjacent
road (Riers«1.and-4)-to minimize span lengths. The proximity of the road also was an important
factor in the selection of the foundations for the piers. The use of drilled shafts at this location
meets many of the considerations listed in Section 202.2.3.of the BDM and also allows for
additional clearance for maintaining traffic. Utilizing a spread footing to support Piers 1 and 4
required temporary shoring to protect the adjacent roadways during excavation. The preliminary
cost of the spread footing supported pier and temporary shoring was compared to the cost for a
drilled shaft supported pier and found to be greater for the spread footing. The cost of the spread
footing supported pier was approximately $4@/000/piermore expensive because of theshigh-cost
ofithestemporaryishoring. A preliminary design using a gross allowable end bearing capacity of 80
tsf results in 4 drilled shafts with 3'-6" diameter above rock and 3'-0" diameter within the rock
socket. Similarly, this was investigated foPigi3 and found thatsminimaldemporaryshoring was
required for the construction of this pier when founded on a spread:footing. Therefore, a spread
footing-isrecommended at Pier-3. Utilizing a spread footing to support Pier 2 was investigated
and compared to the 4 drilled shafts, however, the construction cost, including shoring, was
higher. A preliminary design using a single:drilled:shaft:with:8:6" diameter: above rock and 8’ 0”
diameter within the rock socket was comparable in construction cost. gleweversdiseu: ;
O8Estaffindicated thespreference,fofmoreiredundanty. Analysis of the smgle column pier was
performed for Alternative 2A, which had longer spans, and additional discussion of the preliminary
design is included with that respective alternative.

Superstructure:

Deck and Girders: The preliminary design is 4 continuous welded steel plate girders, Grade 50W,
with 70" deep webs. The plate girders are dog-legged to accommodate the horizontal curvature of
the bridge and to permit fabrication of straight girder segments which is easier and less costly
than the fabrication of curved girder segments. The straight girder segments are dog-legged at
splice points and placed parallel to one another between splices. A nominal center-to-center
girder spacing of 8'-7'+ results in overhangs that vary from 3-2 3/4" to 3-11 5/8" (spacing
between splice points actually varies from 8-7" to 8-7 1/2"t refer to the framing plan for
Alternative 1). With such spacing, the 4-continuous welded steel plate girders discussed above
will satisfy the HS-25 (Case ) and Alternate Military Loading as well as a Future Wearing Surface
loading of 60 psf.

The bridge width is 30'-0" from toe to toe of parapets with an overall bridge deck width of 33'-0".
The deck thickness is 8 1/2” including a 1" monolithic wearing surface.

| Tran T



Hybrid girders with Grade 70W flanges were considered for this alternative. The hybrid girder
investigated had a 62" Grade 50W web with Grade 70W flanges varying form 20°x7/8" to 24"x2".
The hybrid girder was inherently more flexible than the homogeneous section and required
additional stiffening to satisfy fatigue and live load deflection in the positive moment regions. The
AASHTO Guide Specifications for Horizontally Curved Steel Girder Highway Bridges does not
recommend the use of yield stresses greater than 50ksi due to a lack of research. Although the
proposed structure meets the requirements in section 4.2 of the Guide Spec to neglect the effect
of curvature we recommend that hybrid girders not be used on this structure as the applied loads
will be similar to structures with more curvature.

. Bearings and Expansion Devices: A preliminary evaluation of expansion devices involved
designating Pier 3 as a “fixed” pier. Pier 3 was selected as the fixed pier over Pier 2 due fo its
ability to more efficiently support the additional loads transferred at the fixed pier. This resulted in
a rear abutment expansion length of 516'-2" and a forward abutment expansion length of 312'-4".
Section 306.3.3 of the ODOT Bridge Design Manual and ODOT Standard Drawing EXJ-4-87
reveal that a 4" strip seal expansion joint can be used at the forward abutment whereas a modular
expansion device is needed at the rear abutment. To accommodate the large vertical reactions at
the piers and abutments as well as the large horizontal displacements due to thermal
expansion/contraction, pot bearings should be used and are recommended as the bearing type
for Alternative 1. Pot bearings can support high vertical loads and multi-directional
displacements/rotations which will occur due to the horizontal curvature of these bridges.

The initial bridge construction cost for Alternative 1 is estimated to be $6,460,000 in year 2008 dollars.
The present life cycle maintenance costs for this alternative are estimated to be $3,355,000, resulting in a
total estimated ownership cost of $9,815,000 in year 2008 dollars.

Alternative 2A

Span configuration: Alternative 2A is a 3-span bridge with spans of 160" ="278"11"+216™0". The
overall bridge length is 710.92' from centerline of bearing to centerline of bearing (measured along the
curve). The span arrangement meets the horizontal clearances required and the span ratios of ODOT
BDM 205.6. The substructures are oriented at a480200:00" skew measured to the reference chord
between the centerlines of the bearings to minimize the skews. The rear and forward abutments are
located to provide the minimum horizontal clearance(s) using a concrete barrier. Pier-1 was located in the
median of US 52 requiring the use of a single column pier, 5'-6" in diameter. Pier-2 was located in the
area between US 52 and Ohio River Road to provide for the same span length for each of the end spans.

Substructure:
| Abutments: The abutments for this alternative will be stub abutments, similar to Alternative 1.

Il.  Piers: AtPier 2, in the area between US 52 and Ohio River Road, a T-Type pier founded on a
spread footing that bears on bedrock is recommended. A cap and column pier with 3 columns as
required by the ODOT BDM Section 204.5, had slightly higher construction cost and the T-Type
pier was preferred due to its common use on other structures on the bypass. Pier 1 at the median
of US 52 is single column type with reinforced concrete cap and will be founded on drilled shafts
embedded into bedrock. Utilizing a spread footing to support the single column pier was
investigated. However, the construction cost, including shoring, was higher and required
temporary paving to maintain traffic. Preliminary analysis of the single column pier using P-Delta
calculation methods indicates that the use of 4500psi (Class S) concrete reinforced with bundled
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bars will saisfy the applied loading. Checks of the cap indicate that the applied loading can be
supported without post-tensioning.

Superstructure:

f.

Girders and Deck: The superstructure for this alternative consists of 4-continuous welded steel
plate girders, Grade 50W, with 117" deep webs. The design loading applied was HS-25 (Case )
and Alternate Military Loading as well as a Future Wearing Surface loading of 60 psf. As with
Alternative 1, straight girder segments are placed paralle! fo one another between splice points
and the girders are dog-legged at the splices to accommodate the horizontal curvature. Splices
have been positioned in an effort to shorten, as best as possible, the length of straight girder
segments, thus allowing a larger number of fabricators to bid on the steel superstructure (shorter
length sections permit truck transportation to the site and are thus not strictly dependent on barge
transportation). A nominal center-to-center girder spacing of 9'-0"+ results in overhangs that vary
from 4'-0" to 1'-7 13/16" {spacing between splice points actually varies from 8'-7 1/2" to 9'-5 3/8"
refer to the framing plan for Alternative 2A). Due to the increased span lengths and skew of this
structure the deflection angles at the splice points are greater and the beam spacing or overhangs
more variable when compared to the layout of Altemative 1. The differential deflections due to the
total slab weight were investigated in accordance with Section 302.2.7 of the BDM. The
preliminary analysis indicates that a girder design that satisfies the strength requirements has
adequate stiffness to minimize differential deflections between adjacent girder points to less than
%", The preliminary analysis only considered the weight of the concrete applied fo the whole
structure and not the pour sequence, which could cause higher deflections. It is recommended
that the pour sequence also be given consideration in the final girder design. It is also
recommended that checks of the lateral bending stress in the flanges due to the
overhang/construction loads at the exterior girder be performed and incorporated in the cross
frame and girder design in accordance with Section 13.8 of the AASHTO Guide Specifications for
Horizontally Curved Steel Girder Highway Bridges. Hybrid girders were not considered due to the
curvature and lower stiffness of a hybrid girder that would result in greater cross frame forces and
more lateral bending in the flanges.

The bridge has a 30™-0" width from toe-to-toe of parapet with an overall bridge deck width of 33’
0". Deck thickness, including a 1" monofithic wearing surface, is 8 3/4".

Bearings and Expansion_Devices: A preliminary evaluation of expansion devices involved
designating Pier 2 as a “fixed" pier. Pier 2 was selected as the fixed pier over Pier 1 due fo its
ability to more efficiently support the additional loads transferred at the fixed pier. This resulted in
a rear abutment expansion length of 494'-11" and a forward abutment expansion length of 216'-
0". Section 306.3.3 of the ODOT Bridge Design Manual and ODOT Standard Drawing EXJ-4-87
reveal that a 4" strip seal expansion joint can be used at the forward abutment whereas a modular
expansion device is needed at the rear abutment. Note that these results are based on a simple
preliminary evaluation of the bridge system and ignore, for now, the effects of horizontal
curvature. To accommodate the large veriical reactions at the piers and abutments as well as the
large horizontal displacements due to thermal expansion/contraction, pot bearings should be
used, and are recommended, as the bearing type for Alternative 2A. Pot bearings can support
high vertical loads and multi-directional displacements/rotations which will occur due to the
horizontal curvature of these bridges.




The initial bridge construction cost for Alternative 2A is estimated to be $7,780,000 in year 2008 dollars.
The present life cycle maintenance costs for this alternative are estimated to be $4,066,000, resulting in a
total estimated ownership cost of $11,846,000 in year 2008 dollars.

Alternative 2B

Span configuration and Substructure: Alternative 2B is a 3-span bridge with spans ofg2460"=:278"=

j!hwﬂﬂ@@@ identical to that of Alternative 2A. The substructures will also be the same as described for

Alternative 2A.

Superstructure:

/

Girders and Deck: The superstructure for this alternative consists of 4-continuous welded steel
plate girders, Grade 50W, with 117" deep webs. The design loading applied was HS-25 (Case |)
and Alternate Military Loading as well as a Future Wearing Surface loading of 60 psf. This
alternative is differs from Alternative 2A in that curved girders are recommended with uniform
overhang widths. The girders were spaced at 9'-0", with 3'-0" overhangs. The preliminary
analysis indicates that a girder design that satisfies the strength requirements has adequate
stiffness to minimize differential deflections between adjacent girder points to less than ’%". The
preliminary analysis only considered the weight of the concrete applied to the whole structure and
not the pour sequence, which could cause higher deflections. It is recommended that the pour
sequence also be given consideration in the final girder design. It is also recommended that
checks of the lateral bending stress in the flanges due to the overhang/construction loads at the
exterior girder be preformed and incorporated in the cross frame and girder design in accordance
with Section 13.8 of the AASHTO Guide Specifications for Horizontally Curved Steel Girder
Highway Bridges. Hybrid girders were not considered due to the curvature.

The bridge has a 30'-0" width from toe-to-toe of parapet with an overall bridge deck width of 33'-
0". Deck thickness, including a 1" monolithic wearing surface, is 8 1/2".

The initial bridge construction cost for Alternative 2Bis estimated to be $7,910,000 in year 2008 dollars.
The present life cycle maintenance costs for this alternative are estimated to be $4,049,000, resulting in a
total estimated ownership cost of $11,959,000 in year 2008 dollars.

6. Recommendations:

Based upon the above information and discussions, we recommend Structure Type Alternative 1, a 5-span, 70" dog
legged steel girder with T-Type pier at 1,384, single column pier with reinforced concrete cap at Pier 2, and stub type
abutments supported on piles with MSE walls. See Appendix B for the Site Plan and Structure Details.

Our recommendation for Alternative 1 is based on the following items:

Lowest construction and total ownership cost of the alternatives investigated.

Lower construction complexity due to lower skew angle and shorter span lengths.

Less complex maintenance of traffic due to larger horizontal clearances at the eastbound lanes of US 52.
Improved serviceability due to lower skew angle (such as girder distortions, out-of-plane bending, etc.)
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SCI1-823-0.00 - PORTSMOUTH BYPASS

Proposed SR 823 Ramp US 52 B over US 52 and Ohio River Road

STRUCTURE TYPE STUDY
By: PJP 10/13/2006
Checked: JRC 11115/2006
ALTERNATIVE COST SUMMARY
Subtotal Subtotal Structure Structure Total Life Cycle Total Relative
Alternative Span Arrangement Total Span Framing Proposed Superstructure Substructure Incidental Contingency Alternative Maintenance Ownership
No. No. Spans Lengths Length (ft.) Alternative Stringer Section Cost Cost Cost (16%) Cost (20%}) Const. Cost Cost Cost
1 5 130%0° - 198%1"- 193-1"-  g28.50 4 Dog-Legged Steel Plate 70" Web Grade 50W $2,781,000 $1,863,000 $743,000 $1,077,400 $6,460,000 $3,355,000 $9,815,000
170-10" - 141'-8 Girders
2A 3 21640 - 27811" - 216-0"  710.92 4 DW“%?;‘L?%' Plate 117" Web Grade 50W $3,327,000 $2,265,000 $894,700 $1,207,300 $7,780,000 $4,066,000 $11,846,000
2B 3 216-0" - 278-11" - 216"-0" 710.92 4 Curved Steel Plate Girders 117" Web Grade 50W $3,416,000 $2,265,000 $909,000 $1,318,000 $7,910,000 $4,049,000 $11,959,000
NOTES:
1. Structure incidental cost allowance includes provision for structure excavation, porous backfill, sealing of concrete surfaces,
bearings, and crushed aggregate slope protection costs.
2.  Estimated construction cost does not include existing structure removal (if any), which should be quantified seperately, if required.

Cost Summary

1A




SCI-823-0.00 - PORTSMOUTH BYPASS
Proposed SR 823 Ramp US 52 B over US 52 and Ohio River Road

STRUCTURE TYPE STUDY - STEEL PLATE GIRDER ALTERNATIVE 1 - SUPERSTRUCTURE

By: PJP
Checked: JRC

Date: 10/13/2006
Date: 11/15/2006

SUPERSTRUCTURE
Structural
Total Span Deck Deck Deck Deck Approach Approach Steel Structural Expansion Subtotal
Alternative Span Arrangement Length Length Volume Concrete Reinforcing Slab Roadway Framing Proposed Weight Steel Joint Superstructure
No. No. Spans Lengths (ft.) (ft.) {cu. yd.) Cost Cost Cost Cost Alternative Girder Section (pounds) Cost Cost Cost
1 5 e fa R e 830.50 1053 $630,700 $264,100 $41,600 50 #BegrLegRad Sieel Hiate 70" Web Grade 50W 1,411,800 $1,800,100 $44,500 $2,781,000
170-10" - 141'-6 Girders
| COST SUPPORT CALCULATIONS
]
Deck Cross-Sectional Area:
Parapet Structural Steel
Parapets: Individual Area Unit Costs ($/Ib.): Cost Year Annual Year
No. Area (sq. ft.) (sq. ft) Ratio 2005 Escalation 2008
Parapets 1 4.26 4.26
Parapets 1 4.26 4.26 Rolled Beams - Grade 50 n/a $0.95 3.5% $1.05
Total Level 4 Plate Girders - Grade 50W n/a $1.05 3.5% $1.16 Straight Girders
Slab: Slab Haunch & Concrete Area Level 4 Plate Girders - Grade 50W nia $1.15 3.5% $1.28 Dog Legged Girders
T (ft) W (ft.) Area Overhang Area (sq. ft.) Level 4 Plate Girders - Grade 70W nia $1.30 3.5% $1.44 Dog Legged Girders
Bridge 0.71 33.00 234 2.3 34.2 Weighted Average = $1.38
Note: Deck width is out to out
10% of deck area allowed for haunches and overhangs.
QC/QA Concrete, Class QSC2 Construction Complexity Factor
Unit Cost ($/cu. yd): Percent of Superstructure = 0% Due to Deck forming, Screed and Varying Girder Spaces
Year Annual Year
2004 Escalation 2008
'Deck $491.00 3.5% $563.00
Parapets $615.00 3.5% $706.00
Weighted Average = $599.00 Reinforced Concrete Approach Slabs (T=17") Expansion Joints
Based on parapet and slab percentages Unit Cost ($/sg. yd.): Unit Costs ($/Lin.Ft.): Cost Year Annual Year
of total concrete area Length= 30 ft. Width= 33 ft Ratio 2005  Escalation 2008
Area= 220 sq.yd.
Modular Expansion Joint 1.0 $907.42 3.5% i
Year Annual Year Strip Seal Expansion Joints 1.0 $306.27 3.5% $339.57
‘Epoxy Coated Reinforcing Steel 2004 Escalation 2008
'Unit Cost ($/lb): Approach Modular Expansion Joints Length 33 ft.
Assume 285 Ibs of reinforcing steel per cubic yard of deck concrete Slabs $165.00 3.5% $185.00 Strip Seal Expansion Joints Length 33 ft.
Year Annual Year Approach Roadway
2004 Escalation 2008 Year Annual Year
Deck 2005 Escalation 2008
Reinforcing $0.77 3.5% $0.88 Embankment fill 0.00 cuyd.  $4.00 3.5% $4.43
Roadway incl. base 0.00 sq.yd.  $26.00 3.5% $28.83
Barrier (single faced) 0 ft. $50.00 3.5% $55.44
Barrier (dble faced) 0 ft. $80.00 3.5% $88.70
Superstructure (Steel Alt 1) 2A




SCI-823-0.00 - PORTSMOUTH BYPASS
Proposed SR 823 Ramp US 52 B over US 52 and Ohio River Road

| STRUCTURE TYPE STUDY - STEEL PLATE GIRDER ALTERNATIVE 1 - SUBSTRUCTURE |
By: PJP Date: 10/13/2006
Checked: JRC Date: 11/15/2006
SUBSTRUCTURE
Pier Pier Abutment Abutment Pile MSE Drilled Shaft MOT Subtotal
Alternative Span Arrangement Proposed Concrete Reinforcing Concrete Reinforcing Foundation Wall Foundation and Shoring Substructure
No. No. Spans Lengths Alternative Stringer Section Cost Cost Cost Cost Cost Cost Cost Cost Cost
1 5 130’575,_11%:2 s 11,_96:?’,'1 = A Dog:Laghac Sies Fats 70" Web Grade 50W $197,100 $44,900 $53,600 $8,800 $43,800 $1,421,300 $34,800 $59,100 $1,863,000
COST SUPPORT CALCULATIONS
Pier QC/QA Concrete, Class QSC1 Cost: Pile Foundation Unit Cost ($/ft.): 14" Dia. CIP Piles, Furnished & Driven
Volume Year Annual Year Total Number of Piles Total Pile
Component (cu. yd.) 2004 Escalation 2008 Cost Length
Cap 126 $421.00 3.5% $483.00 $60,860
Stem 156 $421.00 3.5% $483.00 $75,350 24 SEE QUANTITY CALCULATIONS 960
Footings 126 $421.00 3.5% $483.00 $60,860
Total 408 $197,100
Pile Foundation Unit Cost ($/ft.): Year 2004 Annual Year
Unit Cost Escalation 2008
Pier QC/QA Concrete, Class QSC1 Cost:
Furnished $13.05 3.5% $15.00
Volume Year Annual Year Total Driven $26.70 3.5% $30.60
Component (cu. yd.) 2004 Escalation 2008 Cost Total $45.60
Cap 0 $421.00 3.5% $483.00 $0 Shaft Foundation Unit Cost ($/ft.): Pier Foundations
Columns 0 $421.00 3.5% $483.00 $0 Total Shaft
Footings 0 $421.00 3.5% $483.00 30 Number of Shafts Length
Total S0 36" into Bedrock 8 40
Abutment QC/QA Concrete, Class QSC1 Cost: 42" above Bedrock 8 56
36" into bedrock 4 SEE QUANTITY CALCULATIONS 20
Volume Year Annual Year Total 42" above bedrock 4 56
Component (cu. yd.) 2004 Escalation 2008 Cost
Abutment 111 $421.00 3.5% $483.00 $53,600
Wingwalls 0 $421.00 3.5% $483.00 $0
Shaft Foundation Unit Cost ($/ft.):
Note: Tumn back MSE walls used Year 2004 Annual Year Total Temporary Shoring and Support
Unit Cost Escalation 2008 Cost Unit Costs ($/sq. ft.):
Temp. Shoring Temp. Girder
36" into Bedrock ~ $175.00 3.5% $201.00 $8,100.00 Area (sq. ft.) Support (lump sum)
42" above Bedrock  $175.00 3.5% $201.00 $11,300.00
36" into bedrock  $175.00 3.5% $201.00 $4,100.00 Alt. 1 0 $ -
42" above bedrock  $175.00 3.5% $201.00 $11,300.00
Epoxy Coated Reinforcing Steel Cost of Shafts: $34,800.00 Year 2004 Annual Year
Unit Cost ($/Ib): Unit Cost Escalation 2008
Assume 125 Ibs of reinforcing steel per cubic yard of pier concrete. Temporary
Assume 90 Ibs of reinforcing steel per cubic yard of abutment concrete. Shoring $22.50 3.5% $25.80
MSE Abutment Unit Cost ($/sq. ft.):
Year Annual Year Total Area Year 2005 Annual Year Cofferdam $32.00 3.5% $36.70
2004 Escalation 2008 {sq. ft.) Unit Cost Escalation 2008
Pier $0.77 3.5% $0.88 Alt. 1 23,300 $55.00 3.5% $61.00 Maintenance of Traffic Cost
Abutment $0.77 3.5% $0.88
Note: MSE wingwall lengths include full length required for ramp $ 25,000
Substructure (Steel Alt 1) 3A




SCI-823-0.00 - PORTSMOUTH BYPASS
Proposed SR 823 Ramp US 52 B over US 52 and Ohio River Road

STRUCTURE TYPE STUDY - STEEL PLATE GIRDER ALTERNATIVE 1 - QUANTITY CALCULATIONS

By: PJP

Checked:

JRC

Pier Quantities

; ’ Cap Stem Footin
Pier Location |Length [om—Trert [Area  [Volume |Width [Height [Length Volume |Width |Depth |Length Volume | 02 voluma
Pier 1 (DS) 31 4 6.08 24.32 754 4 21] 11.0 924 15 3.5] 15.00 788 2465
Pier 2 (DS) 31 5 7.35] 36.75 1139 4.9 23 49 552 15 3.5 1500 788 2479
Pier 3 (Spr. Ftg. 31 4 6.08 24,32 754 4 37.5| 11.0 1650 15 3.5| 20.00 1050 3454
Pier 4 (DS) 31 4 6.08 24.32 754 4 245 11.0 1078 15 35| 1500 788 2619
Pier 5 0
Pier 6 0
Pier 7 0
Total (Cu.Ft.) 3401 4204 3413 11018
Total (Cu.Yd.) 126 156 126 408
Abutment Quantities
Backwall B S i
Abut Location | -E"9t [ 2L - B e _ - o Total Volume
(feet) [Width |Depth |Area Volume |Width |Height |Area Volume |Width |Depth |Area  |# Footi| Volume
Rear Abut 33.3 1.75 7| 1225 408] 3.75 1.5] 563 187 g9 3 27 1 899 1494
Fwd. Abut 333 1.75 7| 1225 408 3.75 1.5] 5.63 187 ] 3 27 1 899 1494
Total (Cu.Ft.) 816 375 1798 2989
Total (Cu.Yd.) 30 14 67 111
MSE Abutment Wall Quantities Temporary Cofferdams
. Wall v Wall
L

s Height |Length |Area Volume Fecifian Height| Length width Area
Rear Abut 251 34 853 Pier 1 12 20 0 240
RA Wing (L) 26.425 432] 11416 Pier 2 15 52 0 780
RAWing (R) 29.425 203 5973 Pier 4 10 30 o} 300

Total (Sq.Ft.) 1320
Fwd Abut 29.6 34 1006
FAWing (L) 22,7 105] 2381
FA Wing (R) 40.35 40 1614
Total (Sq.Ft.) 23300

Date: 10/13/2006
Date: 11/15/2006
Pile Quantities
) ] ) ) Total Girder | Subst Wt Pile ) ; . Total Pile Length
# i 5 .| Pil
Location | Load/girder (Kips) | # Girders Load (kips) Cap.(Kips) No. Piles | Increase Factor | Total Piles | Top Elev. | Bot Elev. | Pile Length (Feet)
Rear Abut. 0 0 0 0 140 0 1 12 561.9 523.1 40.0 480
Pier 1 0 0 0 0 140 0 1 0 o} 0 0.0 0
Pier 2 0 0 0 0 140 0 1 0 o] 0 0.0 o
Pier 3 0 0 0 0 140 0 1 0 0 0 0.0 0
Pier 4 0 0 0 0 140 0 1 0 0 0 0.0 0
Pier 5 0 0 0 0 140 0 1 0 0 0 0.0 [0}
Pier 6 0 0 0 0 140 0 1 0 0 0 0.0 0
Pier 7 0 0 0 0 140 0 1 0 0 0 0.0 0
Fwd. Abut. 0 0 0 0 140 0 1 12 584.6 548.1 40.0 480
Total 24 960
Drilled Shafts
Drilled Shafts Into Bedrock Drilled Shafts Above Bedrock
; Shaft Shaft Length Shaft Length
y s 3 Elev.

Location Total Shafts Top Elev. Bot Elev Length |lInts Rook (Ft) Top Elev. | Bot Elev. |Shaft Length Above Rock (Ft)
Rear Abut. 0 0 0 0.0 0 0 0 0.0 0
Pier 1 4 530.9 525.9 5.0 20 540.8 530.9 10.0 40
Pier 2 4 532.8 527.8 5.0 20 546.5 532.8 14.0 56
Pier 3 0 0 0 0.0 0 0 0 0.0 9]
Pier 4 4 549.5 544.5 5.0 20 553.5 549.5 4.0 16
Pier 5 a 0 0 0.0 0 0 0 0.0 0
Pier 6 0 0 0 0.0 0 0 Q 0.0 0
Pier 7 0 0 0 0.0 0 0 Q 0.0 0
Fwd. Abut, 0 0 0 0.0 ) Q 0 0.0 [}
Total 12 60 112

Superstructure Steel Quantities
" i i Total

Location | Wt.of girder (Ib)/ft | # Girders | Span Length Weight
Span 1 426 4 130.00 221520
Span 2 426 4 193.08 329014
Span 3 426 4 193.08 328014
Span 4 426 4 170.83 291100
Span 5 426 4 141.50 241116
Span 6 0 0.00 0
Span 7 0 0.00 0
Span 8 0 0.00 0
Total 828.50 1411800

Quantity Calculation (Steel Alt 1)

4A




SCI1-823-0.00 - PORTSMOUTH BYPASS
Proposed SR 823 Ramp US 52 B over US 52 and Ohio River Road

I STRUCTURE TYPE STUDY - PRESTRESSED CONCRETE GIRDER ALTERNATIVE 2A AND 2B - SUPERSTRUCTURE
By: PJP Date: 10/13/2006
Checked: JRC Date: 11/15/2006
SUPERSTRUCTURE
Strustural
Total Span Deck Deck Deck Deck Approach Approach Steel Structural Expansion Subtotal
Alternative Span Arrangement Length Length Volume Concrete Reinforcing Slab Roadway Framing Proposed Weight Steel Joint Superstructure
No. No. Spans Lengths (ft.) (ft.) (cu. yd.) Cost Cost Cost Cost Alternative Stringer Section (pounds) Cost Cost Cost
2A 3 216.0"- 278-11" - 216-0"  710.62 712.92 924 $552,500 $231,700 $41,600 $24,300 4 Dog'Leg?fdigee' Flede 117" Web Grade 50W 1,002,500 $2,425,700 $51,200 $3,327,000
2B 8 216'-0" - 278'-11" - 216'-0" 710.92 712.92 904 $540,500 $226,700 $41,600 $24,300 4 Curved Steel Plate Girders 117" Web Grade 50W 1,902,500 $2,531,200 $51,200 $3,416,000
COST SUPPORT CALCULATIONS
Deck Cross-Sectional Area: Structural Steel
Parapet Unit Costs ($/1b.): Cost Year Annual Year
Parapets: Individual Area Ratio 2005 Escalation 2008
No. Area (sq. ft.) (sq. ft.)
Parapets 1 4,26 4.26 Rolled Beams - Grade 50 n/a $0.95 3.5% $1.05
Parapets 1 4,28 4.26 Level 4 Plate Girders - Grade 50W n/a $1.15 3.5% $1.28 Dog-Legged Girders
Total Level & Plate Girders - Grade - 50W n/a $1.20 3.5% $1.33 Curved Girders
Slab: Slab Haunch & Concrete Area
T (ft) W (ft.) Area Overhang Area (sq. ft.)
Alt. 2A 0.73 33.00 241 24 35.0
Alt. 2B 0.71 33.00 23.4 23 34.2 Construction Complexity Factor
Percent of Superstructure = 0% Due to Deck forming, Screed and Varying Girder Spaces
Note: Deck width is out to out
10% of deck area allowed for haunches and overhangs. Reinforced Concrete Approach Slabs (T=17")
Unit Cost ($/sq. yd.):
Length= 30 ft Width= 33 ft
Area= 220 sq.yd.
QC/QA Concrete, Class QSC2
Unit Cost (§/cu. yd): Year Annual Year
Year Annual Year 2004 Escalation 2008
2004 Escalation 2008 Approach
Slabs $165.00 3.5% $189.00
Deck $491.00 3.5% $563.00
Parapets $615.00 3.5% $706.00
Weighted Average = $598.00
Based on parapet and slab percentages Expansion Joints
of total concrete area Unit Costs ($/Lin.Ft.): Cost Year Annual Year
Ratio 2005 Escalation 2008
Modular Expansion Joint 1.0 $907.42 3.5% $1,006.07
Epoxy Coated Reinforcing Steel Strip Seal Expansion Joints 1.0 $306.27 3.5% $339.57
Unit Cost ($/1b):
Assume 285 Ibs of reinforcing steel per cubic yard of deck concrete Modular Expansion Joints Length 38 ft.
Strip Seal Expansion Joints Length 38 ft.
Year Annual Year
2004 Escalation 2008 Approach Roadway
Deck Year Annual Year
Reinforcing $0.77 3.5% $0.88 2005 Escalation 2008
Embankment fill 0.00 cu.yd.  $4.00 3.5% $4.43  Included in MSE wall estimate
Roadway incl. base 391.93 sq.yd.  $26.00 3.5% $28.83
Barrier (single faced) 235.16 ft. $50.00 3.5% $55.44
Barrier (dble faced) 0 ft. $80.00 3.5% $88.70
Superstructure (Steel Alt 2A. 5A




SCI-823-0.00 - PORTSMOUTH BYPASS
Proposed SR 823 Ramp US 52 B over US 52 and Ohio River Road

STRUCTURE TYPE STUDY - PRESTRESSED CONCRETE GIRDER ALTERNATIVE 2A AND 2B - SUBSTRUCTURE

By: PJP
Checked: JRC

Date: 10/13/2006
Date: 11/15/2006

SUBSTRUCTURE
Pier Pier Abutment Abutment Pile MSE MOT Drilled Shaft Subtotal
Alternative Span Arrangement Framing Proposed Concrete Reinforcing Concrete Reinforcing Foundation Wall and Shoring Foundation Substructure
No. No. Spans Lengths Alternative Stringer Section Cost Cost Cost Cost Cost Cost Cost Cost Cost
2A 3 216-0"-278-11" - 2160" 4 Dog"‘eg?r%iitee' Plate 117" Web Grade 50W $117,900 $26,800 $58,000 $9,500 $41,000 $1,933,700 $35,200 $42,700 $2,265,000
2B 3 216-0" - 278'-11" - 216'-0" 4 Curved Steel Plate Girders 117" Web Grade 50W $117,900 $26,800 $58,000 $9,500 $41,000 $1,933,700 $35,200 $42,700 $2,265,000
COST SUPPORT CALCULATIONS
Pier QC/QA Concrete, Class QSC1 Cost: (Spread Footing) Pile Foundation Unit Cost ($/ft.): 14" CIP Piles, Furnished & Driven
Alt 2A & 2B
Volume Year Annual Year Total Number of Piles Total Pile
Component (cu. yd.) 2004 Escalation 2008 Cost Length
Cap 80 $421.00 3.5% $483.00 $38,640
Stem 81 $421.00 3.5% $483.00 $39,120 Alt. 2A & 2B 24 SEE QUANTITY CALCULATIONS 900
Footings 83 $421.00 3.5% $483.00 $40,090
Total 244 $117,900
Pile Foundation Unit Cost ($/{t.): Year 2004 Annual Year
Unit Cost Escalation 2008
Pier QC/QA Concrete, Class QSC1 Cost: (Drilled Shaft)
Alt 2A & 2B Furnished $13.05 3.5% $15.00
Volume Year Annual Year Total Driven $26.70 3.5% $30.60
Component (cu. vd.) 2004 Escalation 2008 Cost Total $45.60
Cap 0 $421.00 3.5% $483.00 $0 Shaft Foundation Unit Cost ($/ft.): Pier 1 Foundation
Columns 0 $421.00 3.5% $483.00 $0
Footings 0 $421.00 3.5% $483.00 50 Number of Shafts Total Shaft
Total $0 Length
Abutment QC/QA Concrete, Class QSC1 Cost: 48" into bedrock 4 20
54" above bedrock 4 SEE QUANTITY CALCULATIONS 56
Volume Year Annual Year Total
Component (cu. yd.) 2004 Escalation 2008 Cost Shaft Foundation Unit Cost ($/ft.):
Abutment 120 $421.00 3.5% $483.00 $58,000 Year 2004 Annual Year Total Temporary Shoring and Support
Wingwalls 0 $421.00 3.5% $483.00 $0 Unit Cost Escalation 2008 Cost Unit Costs ($/sq. ft.):
48" into bedrock ~ $600.00 3.5% $689.00 $13,800.00 Temp. Shoring Temp. Girder
i Note: Turn back MSE walls used 54" above bedrock  $450.00 3.5% $516.00 $28,900.00 Area (sq. ft.) Support (lump sum)
4 Cost of Shafts: W
Alt. 2A & 2B 0 $ -
Year 2004 Annual Year
Unit Cost Escalation 2008
Temporary
|[Epoxy Coated Reinforcing Steel Shoring $22.50 3.5% $25.80
Unit Cost ($/Ib): MSE Abutment Unit Cost ($/sq. ft.):
Assume 125 Ibs of reinforcing steel per cubic yard of pier concrete. Total Area Year 2005 Annual Year Cofferdam $32.00 3.5% $36.70
iAssume 90 Ibs of reinforcing steel per cubic yard of abutment concrete. (sq. ft.) Unit Cost Escalation 2008
Year Annual Year Alt. 2A & 2B 31,700 $55.00 3.5% $61.00
2004 Escalation 2008 Maintenance of Traffic Cost
Note: MSE wingwall lengths include full length required for ramp
Pier $0.77 3.5% $0.88 $ 15,000
Abutment $0.77 3.5% $0.88
OA

substruciure (steel Alt ZA,




SCI-823-0.00 - PORTSMOUTH BYPASS
Proposed SR 823 Ramp US 52 B over US 52 and Ohio River Road

I STRUCTURE TYPE STUDY - PRESTRESSED CONCRETE GIRDER ALTERNATIVE 2A AND 2B - QUANTITY CALCULATIONS
By: PJP Date: 10/13/2006
Checked: JRC Date: 11/15/2006
Pier Quantities Pile Quantities
2 . Cap Stem Footin . Load/girder X Total Girder | Subst Wt Pile . 4 . Total Pile Length
Pier Location |Length i Depth |Area [Volume |Width [Height [Length Volume |Width |Depth [Length Volum—— Total Volume Location (Kips) # Girders Load (kips) | Cap.(Kips No. Piles | Increase Factor | Total Piles | Top Elev. | Bot Elev. | Pile Length (Feet)
Pier 1(DS) 36 5| 659] 32.95 1186] 4.9 20 4.90 480[ 185] 35| 18.50 1198 2864 Rear AU, 0 0 0 0 140 0 1 12 561.7]  523.1 40.0 480
Pier 2 (Spr. Fig. 36 4 6.67| 26.68 960 4] 355] 12.00 1704] 15| 35| 20.00 1050 3714 Pler 1 0 0 0 0 140 0 1 0 0 0 0.0 0
Pier 3 0 Pier 2 0 0 0 0 140 0 1 0 0 0 0.0 0
Pier 4 0 Pier 3 0 0 0 0 140 0 1 0 0 0 0.0 0
Pier 5 0 Pier 4 0 0 0 0 140 0 1 0 0 0 0.0 0
Pier 6 0 Pier 5 0 0 0 0 140 0 1 0 0 0 0.0 0
Pler 7 0 Pier 6 0 0 0 0 140 0 1 0 0 0 0.0 0
Total (Cu.Ft) 2147 2184 2248 6579 Pier 7 0 0 0 0 140 0 1 0 0 0 0.0 0
Total (Cu.Yd.) 80 81 83 244 Fwd. AbUt. 0 0 0 0 40 0 1 12 580.5|  548.1 35.0 420
Total 24 900
Abutment Quantities Drilled Shafts
Abut Location | 269t Dokl Eibam Scat Ecoting Total Volume Drilled Shafts Into Bedrock Drilled Shafts Above Bedrock
(feet) |width |Depth |Area  |Volume |Width |Height |Area Volume |Width |Depth |Area  |# Footin Volume
Rear Abut 381 1.75]10.4167] 18.23 695 3.75] 15| 583 214] 6.25 3 _18.75 1 714 1625 " Shatt Shatt Shatt Shaft Length
Fwd. Abut 381  1.75|10.4167| 18.23 695 3.75] 15| 563 214] 6.25 3| 18.75 1 714 1623 Location [{Tatalohafts| TonElev,| BotBlev. | | o [dfenaih TopElev.| BotElev.| | nath | Above RoskiEt)
Total (Cu.FL) 1389 429 1429 3246 Rear Abut. 0 0 0 0.0 0 0 0 0.0 0
Total (Cu.Yd.) 51 16 53 120 Pier 1 7 532.8 527.8 5.0 20 5465| 5328 14.0 56
Pier 2 0 0 0 0.0 0 0 0 0.0 0
Pier 3 0 0 0 0.0 0 0 0 0.0 0
Pier 4 0 0 0 0.0 0 0 0 0.0 0
Pier 5 0 0 0 0.0 0 0 0 0.0 0
Pier 6 0 0 0 0.0 0 0 0 0.0 0
Pier 7 0 0 0 0.0 0 0 0 0.0 0
Fwd. Abut 0 0 0 0.0 0 0 0 0.0 0
Total 4 20 56
MSE Abutment Wall Quantities Temporary Cofferdams
Wall Wall
Abut Location Location 7
Height |Length |Area | Volume Height|LengtHwidth | Area Superstructure Steel Quantities
Rear Abut 21.5 38 817 Pier 1 0 0 0 0 . Wt.of girder . Total
RAWing (L) 265 551 14602 Pier 2 15| 52 0 780 Location gpyie | *Cirders|Spanlength| o ioht
RAWING (R ) 29.5]  350| 10325 Pier 4 0 0 0 0 Span 1 669 4 216.00 578016
Total (Sq.FL.) 780 Span 2 669 7] 278.92 746381
Fwd Abut 265 38| 1007 Span 3 669 4 216.00 578016
FA Wing (L) 23.0 104] 2392 Span 4 0 0.00 0
FA Wing (R ) 41 80| 2460 Span 5 0 0.00 0
Span 6 0 0.00 0
Span 7 0 0.00 0
Total (Sq.Ft.) 31700 Span 8 0 0.00 0
Total 71092 1902500

Quantity Calculation (Steel Alt 2A. TA




SCI-823-0.00 - PORTSMOUTH BYPASS

Proposed SR 823 Ramp US 52 B over US 52 and Ohio River Road
l STRUGTURE TYPE STUDY - LIFE CYGLE COSTS
By: PJP Date: 10/13/2006

LIFE CYCLE MAINTENANCE COST

Structural Steel Painting *

Checked: JRC

Sealing of Concrete Surfaces

Date: 11/15/2006

Approach Pavement Resurfacing

Cost Number of Total Cost Number of Total Cost Number of Total
Alt. Span Arrangement Framing Per Maintenance Life Cycle Per Maintenance Life Cycle Per Maintenance Life Cycle
No. No. Spans Lengths Alternative Cycle Cycles Cost Cycle Cycles Cost Cycle Cycles Cost
1 5 828.50 4 Dog-Legged Steel Plate Girders $948,290 2 $1,896,580 $49,217 2 $98,435 $0 10 $0
2A 3 710.92 4 Dog-Legged Steel Plate Girders $1,191,680 2 $2,383,360 $56,684 2 $113,367 $1,800 10 $18,000
2B 3 710.92 4 Curved Steel Plate Girders $1,191,680 2 $2,383,360 $56,684 2 $113,367 $1,800 10 $18,000
Bridge Deck Overlay (5) Bridge Redecking (5) Superstructure Total Total
Deck Deck Number of Total Deck Deck Deck Deck Number of Total Life Cycle Initial Relative
Alt. Span Arrangement Framing Demo & Deck Joint Maintenance Life Cycle Concrete Reinforcing Joint Removal Maintenance Life Cycle Maintenance Construction Ownership
No. No. Spans Lengths Alternative Chipping Overlay Gland (2) Cycles Cost Cost (2) Cost (3) Cost (2) Cost Cycles Cost Cost (1) Cost Cost
1 5 828.5 4 Dog-Legged Steel Plate Girders $82,900 $100,500 $11,125 1 $194 525 $630,700 $264,100 $44,500 $226,400 1 $1,165,700 $3,355,000 $6,460,000 $9,815,000
2A 3 710.92 4 Dog-Legged Steel Plate Girders $142 200 $172,500 $12,800 1 $327,500 $552,500 $231,700 $51,200 $388,500 1 $1,223,900 $4,066,000 $7,780,000 $11,846,000
2B 3 710.92 4 Curved Steel Plate Girders $142,200 §172,500 $12,800 1 $327,500 §540,500 $228,700 $51,200 $388,500 1 $1,208,900 $4,049,000 $7,910,000 $11,959,000
Structural Steel Painting: Bridge Redecking: NOTES:
Structural Steel Area: Bridge Deck Joint Cost per foot: Life cycle maintenance costs assume a 75 -year structure life, and are expressed in present value
Total Assumed Ave. Nominal Secondary Tatal Year Annual Year (2008 construction year) daollars.
Web No. Span Bot. Flange Exposed Girder Member Exposed Steel 2005 Escalation 2008
Depth (in.) Stringers Length (ft.} Width (in.) Area (sq. ft.} Allowance Area (sq. ft. Modular Expansion Joint $907.42 3.5% $1,006.07 Seals assumed to be replaced at each overlay and complete replacement at redeck.
Strip Seal Expansion Joints $306.27 3.5% $339.57
Alt. 1 70 4 828.50 25.00 59,376 20% 71,300 Bridge No. See Superstructure Cost sheet.
Alt. 2A 117 4 710.92 27.00 74,647 20% 89,600 Width Joints
Alt. 2B 17 4 710.92 27.00 74,647 20% 89,600 Alt. 1 33.00 2 See Alternative Cost Summary sheet.
Alt, 2 38.11 2
Painting Cost per sq. ft.: Assume bridge deck overlay at Year 25 and bridge deck replacement at Year 50.
Year Annual Year Bridge Deck Removal Cost: Assume superstructures are painted or sealed on a 25-year recurrence interval.
2005 Escalation 2008 Assume complete bridge replacement at Year 75.
Prep. $6.75 3.5% $7.48 Deck Area (3) Year Deck Removal
Prime $1.75 3.5% $1.94 (sq. ft.) 2008 Cost Life cycle maintenance cost differences are assumed to be predominately a function of superstructure maintenance costs.
Intermed. $1.75 3.5% $1.94 Consequently, substructure lifecycle maintenance costs are notincluded in this analysis.
Finish $1.75 3.5% $1.94 Alt. 1 27,341 $8.28 $226,400
Total $12.00 $13.30 Alt. 2A 46,921 $8.28 $388,500
Alt. 2B 46,921 $8.28 $388,500 Approach Pavement Resurfacing:
Resurface Perpetual Asphalt Pavement:
Superstructure Sealing: MSE Wall Sealing Bridge Deck Overlay (Item 848): Resurfacing Units Costs:
PS Concrete |-Beam Area: Bridge Deck MSC QOverlay Cost per sg. yd.: Year Annual Year
72" Medified AASHTO Type 4 Wall Area Year Annual Year 2004 Escalation 2008
H v Diag. No. Total {sq.ft.} Micro Silica Modified Concrete Overlay 2004 Escalation 2008 Pavement Planing, Asphalt Concrete, per sq. yd. 50.98 3.5% $1.12
Bot. Flange 26 1 26.00 Alt. 1 23300 Using Hydrodemolition (1.25" thick) $25.58 3.5% $29.35 (Item 254)
8 2 16.00 Alt. 2A 31700 Surface Preparation
Lower Fillets 9 g 1273 2 25.46 Alt. 28 31700 Using Hydrodemolition $22.85 3.5% $26.22 Year Annual Year
Web 46 2 92,00 2004 Escalation 2008
Upper Fillets 3 3 4.24 2 8.49 Hand Chipping $37.07 3.5% $42.54 Asphalt Concrete Surface Course, per cu. yd. $72.00 3.5% $82.62
11 2 11.18 2 22.36
Top Flange 4 2 8.00 Bridge Deck MSC Overlay Cost per cu. yd.:
Total Exposed Perimeter 198.30 in Micro Silica Modified Concrete Overlay Asphalt Resurfacing Costs:
(Variable Thickness), Material Only $144.00 3.5% $165.24 Approach Approach
66" Madified AASHTO Type 4 Roadway Roadway Resurfacing Wearing Course Wearing Course
H v Diag. No. Total Hand Variable Length (ft.) (4) Width (ft.) Area (sq. Thickness (in.) Volume (cu. vd.
Bot. Flange 26 1 26.00 Deck Area (3) Deck Area Chipping Thickness
8 2 16.00 (sq. ft.) (sq.vd.) (sq. yd.} Repair (cu. vd.) Alt. 1 0.0 0.0 0 1.50 0.0
Lower Fillets 9 g 12.73 2 25.46 Alt. 2A 117.6 30.0 382 1.50 16.3
Web 40 2 80.00 Alt. 1 27,341 3,038 76 69 Alt. 2B 117.6 300 392 1.50 16.3
Upper Fillets 3 3 4.24 2 8.49 Alt. 2A 46,921 5,213 130 118
Alt. 2B 46,921 5,213 130 118
11 2 11.18 2 22.36
Top Flange 4 2 8.00 in Assume 25% of deck area requires removal to depth of 4.5" (3.25" additional removal).
Total Exposed Perimeter 186.30
Bridge Deck Joint Gland Replacement Cost per foot:
Total Nominal Secondary Total Year Annual Year
No. Span Exposed Beam Member Exposed Concrete 2005 Escalation 2008
Stringers Lenath (ft.) Area (sq. ft.) Allowance Area (sq. yd. Medular Expansion Joint Gland $226.86 3.5% $251.52
Elastomeric Strip Seal Gland $76.57 3.5% $84.89
Q 0 0.00 0 10% 0
Sealing Cost per sq. yd.: Assume gland replacement cost equals 25% of original deck joint construction cost.
Year Annual Year
2004 Escalation 2008
Epoxy-Urethane Sealer $3.68 3.5% $11.11
Life Cycle Cost 8A
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Preferred Alternative Site Plan and Details
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- Made By PJP Date 09/22/06 Job No. P403030064
. , Systems\/ Checked By _ MTN Date 10/26/06 Sheet No.
: / VERTICAL CLEARANCE CALCULATIONS
Job Name SCI-823-0.00 Structure
Description __ S.R. 823 Ramp B OVER US 52 PID# __77366 |
Alternative 1 - 4-70" Steel Plate Girders Point Location:

Adjstment for Cross Slope

Comment Grade Offset (from PGL)
Profile grade line to critical pt.: -0.043 X 20.08 -0.86
Total Adjustment = -0.86

Superstructure Depth

Comment Depth (in) Depth (ft)
" Deck Thickness: 8.5 0.71
Haunch: 2 0.17
Girder or Beam Depth: 73 6.08
835 6.96
Total Superstructure Depth {ft) = 6.96

Vertical Clearance at Critical Point

Station @ Critical Point = 41+53.39
Offset Location @ Critical Point = 20.08' Rt.
Profile Grade Elevation at Critical Point = 595.94
Adjustment for Cross Slopes to BeamCL = -0.86
Top of Deck Elevation @ Critical Point = 595.07
Total Superstructure Depth = -6.96
Bottom of Beam Elevation @ Critical Point = 588.11
Top of Pavement @ Critical Point = 559.52
Actual Vertical Clearance = 28.59
Preferred Vertical Clearance = 17.0
Required Vertical Clearance = 16.5

SR823 RampBoverlS52_updatedVertClrCalc.xls
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e Made By _ PJP Date _05/10/06 Job No. P403030064
) Sys’[emé\ 3 CheckedBy _ MIN _ Date _10/2606  Sheet No.
W VERTICAL CLEARANCE CALCULATIONS
Job Name SCI-823-0.00 Structure
Description __S.R. 823 Ramp B OVER US 52 PID# __ 77366
Alternative 1 - 4-70" Steel Plate Girders Point Location:

Adjstment for Cross Slope

Comment Grade Offset {from PGL)

Procfile grade line to critical pt.. -0.043 X 20.15

Total Adjustment =

-0.87
-0.87

Superstructure Depth
Comment Depth {in} Depth (ft}
Deck Thickness: 8.5 0.71
Haunch: 2 0.17
Girder or Beam Depth: 73.5 6.13
Bearing Depth 6.25 0.52
Cap Depth 55 4.58 This is Depth at Edge of Shoulder 7' total depth
145.25 12,11
Total Superstructure Depth (ft}y = 12.11
Vertical Clearance at Critical Point
Station @ Critical Point = 35+78.38
Offset Location @ Critical Point = 20.15'Rt.
Profile Grade Elevation at Critical Point = 579.33
Adjustment for Cross Slopes to Beam CL = -0.87
Top of Deck Elevation @ Critical Point = 578.46
Total Superstructure Depth = -12.11
Bottom of Beam Elevation @ Critical Point = 566.35
Top of Pavement @ Critical Point = 548.41
Actual Vertical Clearance = 17.94
Preferred Vertical Clearance = 17.0
Required Verlical Clearance = 16.5
- _ Made By PJP Date 05/10/06 Job No. P403030064
Systems)»  GheckedBy _ MV Date 108005 ShestNo.
7

VERTICAL CLEARANCE CALCULATIONS

Job Name SCI-823-0.00 Structure

Description __S.R. 823 Ramp B OVER US 52 PID# __ 77366

SR823 RampBoverUs52_updatedVertClrCale.xls
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Job Name SC1-823-0.00

4

Made By PJP
Checked By MTN

Date 09/22/08 Job No. P403030064

Date

10/26/06 Sheet No.

VERTICAL CLEARANCE CALCULATIONS

Structure

Description __ S.R. 823 Ramp B OVER US 52

PID &

77366

Alternative 1 - 4-70" Steel Plate Girders

Point Location: C

Adjstment for Cross Slope

Comment Grade Offset (from PGL)
Profile grade line to critical pt.: -0.043 X 20.13 = -0.87
Total Adjustment = -0.87
Superstructure and Pier CapDepth
Comment Depth (in} Depth (it)
Deck Thickness: 8.5 0.71
Haunch: 2 0.17
Girder or Beam Depth: 74.5 6.21
Bearing Depth: 6.25 0.52
Cap Depth: 108 9
199.25 16.61
Total Superstructure & Cap Depth (ft) = 16.61

Vertical Clearance af Critical Point

Station @ Critical Point
Offset Location @ Critical Point

Profile Grade Elevation at Critical Point

Adjustment for Cross Slopes to Beam CL

Top of Deck Elevation @ Critical Point

Total Superstructure Depth

Bottom of Beam Elevation @ Critical Peint

Top of Pavement @ Critical Point

Actual Vertical Clearance

Preferred Vertical Clearance
Required Vertical Clearance

[}

37+72.57 CL Brg. Girder 4 Pier 2
20.13'Rt.
586.49
-0.87
585.62

-16.61
569.01

549.43 Note: Minimum clgarance at toe of

barrier adjacent to pier
19.58

17.0
16.5

SR823 RampBoverlS52_updatedVertClrCale.xls
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Altemative 1 - 4-70" Steel Plate Girders

Point Location: D

Adjstment for Cross Slope

Comment Grade Offset (frormn PGL)
Profile grade line to critical pt.: -0.043 X 20.15 -0.87
Total Adjustment = -0.87
Superstructure Depth
Comment Depth (im) Depth (i)
Deck Thickness: 8.5 0.71
Haunch: 2 0.17
Girder or Beam Depth: 73 6.08
Bearing Depth 6.25 0.52
Cap Depth 71.18 5.93 This is Depth at Edge of Shoulder 7 total depth
160.934 13.41
Total Superstructure Depth (ff) = 13.41
Vertical Clearance at Critical Point
Station @ Critical Point = 41+38.54
Offset Location @ Critical Point = 20.13'Rt.
Profile Grade Elevation at Critical Point = 595.72
Adjustment for Cross Slopes to Beam CL = -0.87
Top of Deck Elevation @ Critical Point = 594.85
Total Superstructure Depth = -13.41
Bottom of Beam Elevation @ Critical Point = 581.44
Top of Pavement @ Critical Point = 558.34
Actual Vertical Clearance = 23,10
Preferred Vertical Clearance = 17.0
Regquired Vertical Clearance = 16.5°

SR823 RampBoverUS52_updatedVertClrCalc.xls
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Systems

VERTICAL CLEARANCE CALCULATIONS

Made By PJP Date 098/22/06 Job No.

P403030064

Checked By MTN Date 10/26/06 Sheet No.

Job Name SC/-823-0.60 Structure
Description _ S.R. 823 Ramp B OVER US 52 PID# _ 77366 |
|
Alfernative 1 - 4-70" Steel Plate Girders Point Location:
Adjstment for Cross Siope
Comment Grade Offset {from PGL)
Profile grade line to critical pt.: -0.043 X 20,16 = -0.87
Total Adjustment = -0.87
Superstructure Depth
Comment Depth (in) Depth (ft)
Deck Thickness: 8.5 . 0.71
Haunch: 2 0.17
Girder or Beam Depth: 72 6.00
82.5 6.88
Total Superstructure Depth (ft) = 6.88

Vertical Clearance at Critical Point

Station @ Critical Point = 42+00.43
Offset Location @ Critical Point = 20.16'Rt.
Profile Grade Elevation at Critical Point = 596.53
Adjustment for Cross Slopes to Beam CL. = -0.87
Top of Deck Elevation @ Critical Point = 595.66
Total Superstructure Depth = -6.88
Bottom of Beam Elevation @ Critical Point = 588.78
Top of Pavement @ Critical Point = 559.45
Actual Vertical Clearance = 29,33
Preferred Veriical Clearance = 17.0
Required Vertical Clearance = 16.5

SR823 RampBoverlUS52_updatedVertCirCalc.xls
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VERTICAL CLEARANCE CALCULATIONS

Made By PJP Date 09/22/06 Job No.

P403030064

Checked By MTN Date 710/26/06 Sheet No.

Job Name SCI-823-0.00 Structure
Description __S.R. 823 Ramp B OVER US 52 PID# _ 77366 |
Alternative 1 -~ 4-70" Steel Plafe Girders Point Location:

Adjstment for Cross Siope

s [ s N s S s O s S s [ s N s S s O s

Comment Grade Offset (from PGL)
Profile grade line to critical pt.: -0.043 X 19.83 = -0.86
Total Adjustment = -0.86
Superstructure Depth
Comment Depth (in} Depth {ft)
Deck Thickness: 8.5 0.71
Haunch: 2 0.17
Girder or Beam Depth: 72 6
825 6.88
Total Superstructure Depth (ft) = 6.838
Vertical Clearance at Critical Point
Station @ Critical Point = 41+76.80
Offset Location @ Critical Point = 19.93' Rt.
Profile Grade Elevation at Critical Point = 596.25
Adjustment for Cross Slopes toBeam CL = -0.86
Top of Deck Elevation @ Critical Point = 595.39
Total Superstructure Depth = -6.88
Bottom of Beam Elevation @ Critical Point = 588.51
Top of Pavement @ Critical Point = 559.70
Actual Vertical Clearance = 28.81
Preferred Vertical Clearance = 17.0
Required Vertical Clearance = 16.5

SR823 RampBoverlUS52_updatedVertCirCalc.xls
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Made By PJP Date 09/22/06 Joh No. P403030064
Sys’[ems Checked By  MTN Date  10/26/06 Sheet No.
S / VERTICAL CLEARANCE CALCULATIONS

Job Name SCi-823-0.00 Structure
Description __S.R. 823 Ramp B OVER US 52 PID# 77366
Alternatives 2A & 2B - 4-117" Steel Plate Girders Point Location: A

Adjstment for Cross Slope

Comment CGrade Offset (from PGL
Profile grade line to critical pt.: -0.043 X 20.1 -0.8643
Total Adjustment = -0.86
Superstructure Depth
Comment Depth (in} Depth (ft)
Deck Thickness: 8.75 0.73
Haunch: 2 0.17
Girder or Beam Depth:  119.375 9.95
130.125 10.85
Total Superstructure Depth (ft) = 10.85

Vertical Clearance at Critical Point

Station @ Critical Point = 35+82.63
Offset Location @ Critical Point = 20.10' Rt
Profile Grade Elevation at Critical Point = 579.48
Adjustment for Cross Slopes to Beam CL = -0.86
Top of Deck Elevation @ Critical Point = 578.62
Total Superstructure Depth = -10.85
Bottom of Beam Elevation @ Critical Point = 567.77
Top of Pavement @ Critical Point = 548.37
Actual Vertical Clearance = 19.40
Preferred Vertical Clearance = 17.0
Required Vertical Clearance = = 16.5

SR823 RampBoverlUS52_updatedVertCirCalc.xls
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Made By PJP Date 08/22/06 Job No. P403030064

Checked By MTN Date 10/26/06 Sheet No.

VERTICAL CLEARANCE CALCULATIONS

Structure

SCI-823-0.00

Job Name

77366

S.R. 823 Ramp B OVER UJS 52 PID #

Description

Alternatives 2A & 2B - 4-117" Steel Plate Girders Point Location: B

Adjstment for Cross Slope

Comment Grade Offset (from PGL)
Profile grade line to critical pt.: -0.043 X 21.6 = -0.93
Total Adjustment = -0.93
Superstructure Depth
Comment Depth (in) Depth (ft)
Deck Thickness: 8.75 0.73
Haunch: 2 0.17
Girder or Beam Depth:  119.375 9.95
130.125 10.85
Total Superstructure Depth (ft) = 10.85
Vertical Clearance at Critical Point
Station @ Critical Point = 41+50.75
Offset Location @ Critical Point = 21.60" Rt.
Profile Grade Elevation at Critical Point = 595.90
Adjustment for Cross Slopesto Beam CL = -(0.93
Top of Deck Elevation @ Critical Point = 594.97
Total Superstructure Depth = -10.85
Bottom of Beam Elevation @ Critical Point = 584.12
Top of Pavement @ Critical Point = 559.53
Actual Vertical Clearance = 24.59
Preferred Vertical Clearance = 17.0
Required Vertical Clearance = 16.5

SR823 RampBoverlJS52_updatedVertClrCalc.xls
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- MadeBy  PJP Date 09/22/06 Job No. ~P403030064
Systems CheckedBy  MTN Date 10/26/06 Sheet No.
* : /> VERTICAL CLEARANCE CALCULATIONS
Job Name SCI-823-0.00 Structure
Description _ S.R. 823 Ramp B OVER US 52 PID # 77366

Alternatives 2A & 2B - 4-117" Steel Plate Girders

I Point Location: C

Pier Cap Depth

Comment Depth (in) Depth (ft)
Cap Depth: 32 - 2.67 Cap dimension from rt. edge to toe of barrier
32 267 i
Cap Depth (ft) = 2.67
Vertical Clearance at Critical Point
Station @ Critical Point = 37474.44
Offset Location @ Critical Point = 10.45' Rt.
Bottom of Pier Cap @ Right Edge 568.67 See Calculations for Point "D"
Increase in Cap Depth = -2.67
Bottom of Pier Cap @ Critical Point = 566.00
Top of Pavement @ Critical Point = 549.44
Actual Vertical Clearance = 16.56
Preferred Vertical Clearance = 17.0
Required Vertical Clearance = 16.5

SR823 RampBoverUS52_updatedVertClrCale.xls
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Job Name

Made By PJP Date 09/22/06 Job No. P403030064
. Systems\ Checked By MTN Date 10/26/06 Sheet No.
® LA 4 VERTICAL CLEARANCE CALCULATIONS
SCI-823-0.00 Structure
S.R. 823 Ramp B OVER US 52 PID # 77366

Description

Alternatives 2A & 2B - 4-117" Steel Plate Girders I

Adjstment for Cross Slope

Point Location: D

Offset (from PGL)

Comment Grade
Profile grade line to crifical pt.: -0.043 X 20.42 = -0.88
Total Adjustment = -0.88
Superstructure and Pier CapDepth
Comment Depth (in) Depth {ft)
Deck Thickness: 8.75 0.73
Haunch: 2 017
Girder or Beam Depth: 121.25 10.1
Bearing Depth: 8 0.67
Cap Depth: 60 5 Cap Depth at minimum on rt. edge
200 16.67
Total Superstructure & Cap Depth (ff) = 16.67
Vertical Clearance at Critical Point
Station @ Critical Point = 37+65.12 Cl Bearing Girder 4
Offset Location @ Critical Point = 20.42'Rt. Pier1
Profile Grade Elevation at Critical Point = 586.22
Adjustment for Cross Slopes to Beam CL = -0.88
Top of Deck Elevation @ Critical Point 585.34
Total Superstructure Depth = -18.87
Bottom of Pier Cap @ Critical Point = 568.67
Top of Pavement @ Critical Point = 549.55
Actual Vertical Clearance = 19.12
Preferred Vertical Clearance = 17.0
Required Vertical Clearance = 16.5

SR823 RampBoverUs52_updatedVertCirCalc.xls




{

[ I

D R

APPENDIX D

Preliminary ructure Site Plan
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MATCH LINE 38+00

TABLE OF VERTICAL
CLEARANCES

LOCATION | ~A* ~5* " o~ |
PROPOSED | 19.40° | 24.59° | 16.56° | 19. 12
REQUIRED | 16.50° | 16.50° | 16.50° | 6.50°
a3
5 ; :
[=] - M wn N
g é b b & b3 ] a & A
a B80G* VERT. CURVE |
PVF=5TA.41+50
600 BRIDGE LIMITS - 716.16°
MEASURED ALONG | 215°-0* zren-
— E RANP US 52 &
END APP € BRG. REAR € Pier 1
APPROACH SLAB ABUTHENT . : =
580 STA. 35+59.3/ 3.70% - ———la ///7// 4
i Lo
Z MIN. VERT éé ExP.
EXISTING GROUND o . ;
560 - E1.560.70 fZn. EXP “wse war, FTOP: BARRIER CLEARANCE € us 52 E8 %g’ 560
26* DIA. PRERORED (TYP.) (SEE TABLE) 7
510 HoLE, gROUTED 5°-0 \ MOV N 4 1%%
INTO BEDROCK (TYP) RNt bl o botychahgefrolpmien ooy bepepdpeboplemfepirales epbobepbyeeplynfer-zafomta s 7 lptgep gy
—————————————————————————————— I B LA A
—1 3 APPROX: T/ROCK @ EL.541. 20 ;".;'_’fgi' Zﬁfggoeg MIN. VERT, o780 U] '%' 540
ok TR-71A, EL,-528. ’v- : ' . : CLEARANCE * % é
o : ~ @ oy Z RN
5zo£§ 2 N 3 ’ el ¥ h: o (SEE TABLE) 9 77N
iy o 5 1y W & & b &
34+00 35400 36+00 37+00 38+00

PROFILE ALONG B RAMP US5Z2 B

APPROX. T/ROCK e
TR-66, EL~532.8

= Us 52 - STA.40+0/7.05

D10 42041

DESIGR AGENCY

SHT MIRFEETER ORIVE, SOITE PO

|
BENCHMARK | BENCHUARK 2
al.
T
(TG BE PROVIDED LATER} (TO BE PROVIDED LATER) N M
) | B
g
g2 .l8
4
A B
TRAFFIC DATA 1o g
{RANP B) 0 H
CURRENT YEAR ADT (2010) = 13400
DESIGN YEAR ADT (2030) = 21000 g la
CURRENT YEAR ADTT (2010} =1876 e ]
DESIGN YEAR ADTT (2030} - 2940 A
e
'_a: La B 2
I. ALL SHEETS WITH PLAN DJMENS]ONS ARE SHOWN 8o
HORIZONTAL. SN
o
2. EARTHWORK LIMITS SHOWN ARE APPROXIMATE, e E’ ;_::
ACTUAL SLOPES SHALL CONFGRM TO PLAN CROSS g

SECTIONS.

3. THE PROPOSED PROFILE GRADE 1S WITHIN BRIDGE
LIMITS. SEE ROADWAY PLANS FOR PAVEMENT
ELEVATIONS BEYOND BRIDGE LIMITS.

FOUNDAT [ON DATA;

PILES AT REAR AND FWD. ABUTHENT SHALL BE 14*
CIP AND HAVE A MAXIMUM CAPACITY OF 70 TON PER
PILE. ALLOWABLE BEARING CAPACITY FOR SPREAD
FOOTING ON ROCK, PPP TSF. ALLOWABLE BEARING
CAPACITY FOR DRILLED SHAFT, ?PPP TSF.

PROPOSED STRUCTURE

ALT 2A - 3 SPAN CONTINUQUS STEEL PLATE GIRDER A7T09
GRADE 50W, DOB LEG AT SPLICES WITH
COMPOSITE REINFORCED CONCRETE DECK ON STUB
ABUTHMENTS AND T-TYPE PIERS.

ALT 2B - 3 SPAN CONT[INUOUS CURVED STEEL PLATE GIRDER
ATQ9 GRADE S50W, DOG LEG AT SPLICES WITH

. COMPOSITE REINFORCED CONCRETE DECK ON STUB
: ABUTMENTS AND T-TYPE PIERS.

SPANS: ZI6°-0* - 278 -1i" - 2/6° -0

ROADWAY: 30°-0% T/T OF PARAPETS

LOADING: H5-25 (CASE 1) AND ALTERNATE MILITARY
LOADING, FWS = 60 PSF

SKEW: 30°00°00* (MEASURED TO REFERENCE CHORD)

SUPERELEVATION: O.043FT/FT

ALIGNMENT: 1°36°00% CURVE TO THE RIGHT

WEARING SURFACE: MONOLITHIC CONCRETE

APPROACH SLABS: AS-1-81 (30° LONG!

LATITUDE:

LONGITUDE:

- 823 - XXxx

BRIDGE NG - 5C!/
SR 823 RAMP US52 B OVER U552 AND CR 503

SITE PLAN - ALTERNATIVES 2A & 2B

LEGEND

—$— - BORING LOCATION

s¢/1-823-0.00
PID 77366
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REPORT
OF
PRELIMINARY SUBSURFACE EXPLORATION
FOR
BRIDGE AND MSE RETAINING WALLS
US 52 RAMP B FROM SOUTHBOUND SR 823 TO EASTBOUND US 52
SCI-823-0.00 PORTSMOUTH BYPASS
SCIOTO COUNTY, OHIO

1.0 INTRODUCTION

This report includes the findings of the preliminary subsurface exploration, and the engineering
evaluation of the foundation and mechanically stabilized earth (MSE) retaining walls for Ramp B
of the US 52 interchange. The findings included in this report pertain to the US 52 Ramp B only.
The findings of other structure evaluations will be submitted in separate documents.

The project consists in part of placing a bridge ramp structure for the proposed US 52 over Ohio
River Road (CR 503) and US 52 travel lanes. Currently, two alternatives are being analyzed.
Alternative 1 consists of a five-span structure, while alternative 2 consists of a three-span
structure. As planned, both structures will use MSE walls to contain the roadway embankment
and structure abutments.

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

The findings and recommendations presented in this report should be considered preliminary.
After the bridge and ramp designs are refined, it will be necessary to drill additional borings in the
area of the proposed structures in accordance with ODOT’s specifications for subsurface
investigations in order to finalize the MSE wall and foundation evaluations.

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

2.0 GENERAL PROJECT INFORMATION

It is understood that the plan location of the bridge structure for the proposed US 52 Ramp B over
Ohio River Road (CR 503) and US 52 has not changed from the approved location, as shown on
the structure plan and profile drawings in Appendix I. However, two alternatives for placement of
the MSE walls have been proposed. The first alternative (Alternative 1) involves placing the rear
abutment MSE wall at station 34455 and the forward abutment MSE wall at station 42+72. The
pier locations for alternative 1 are as follows; station 35480, 37473, 39466, and 41+37. The
second alternative (Alternative 2) involves placing the rear abutment MSE wall at station 35+68
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and the forward abutment of the MSE wall at station 42+68. The pier locations for alternative 2

are as follows; station 37+78 and 40+57. See attached structure plan and profile drawings in
Appendix L

Based upon the structure plan and profile drawings, the embankments/MSE walls for alternative 2
are higher than the walls planned in alternative 1. To consider the worst-case scenario, the
maximum wall heights indicated on the plan and profile drawings for alternative 2 will be used for
the analyses. Consequently, it is assumed that the maximum height of the embankment/MSE wall
at the rear and forward abutments will be approximately 39.0 and 34.0 feet, respectively. These
heights are based upon the maximum difference between the proposed grade of the US 52 Ramp B
and the approximate existing grade indicated on the structure plan and profile drawing,.

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 five preliminary structural borings (TR-62, TR-64, TR-66, TR-
71A and TR-73A). The borings were drilled between March 18 , 2005 and July 13, 2006. A
boring plan is presented in Appendix I. The boring logs are presented in Appendix IL
Information concerning the drilling procedures is also presented in Appendix II.

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

4,0  FINDINGS
4.1  Geology of the Site

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

The genesis of the soils varies across the site. Soils in the floodplain consist primarily of
alluvium and alluvial terraces, generally composed of silty clay, coarse sand, gravel, and
cobbles. Below approximately elevation 700, the soils on the hillsides are generally
lacustrine deposits. Lacustrine soils in this area are commonly known as “Minford Silts”
or the Minford Complex. These deposits were formed during the early to middle
Pleistocene age when the northward flowing Teays River system was blocked by the
southward advance of the Kansan aged ice sheets. As the glaciers advanced, the course of
the Teays River was blocked south of Chillicothe and a large lake was formed from the
impoundment of the waterways. As a result of the impoundment, vast quantities of

2
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sediments were deposited ranging from 10 to 80 feet in thickness, thinning towards the
margins. Bedrock within the structure area is primarily sandstone of the Logan Formation
of Mississippian age. Bedrock of the Pennsylvanian Breathitt Formation can be found at
the top of the slopes to typically above approximately elevation 770.

4.2 Subsurface Conditions

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

4.2.1 Soil Conditions

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

All borings encountered surficial materials except boring TR-62. Borings TR-64,
TR-71A, and TR-73A encountered 1 to 6 inches of topsoil while boring TR-66
encountered 10 inches of asphalt concrete pavement.

All borings encountered both natural cohesive and granular soil deposits below the
ground surface except boring TR-64 where natural granular soil deposits only were
encountered. The natural cohesive deposits consisted of very stiff sandy silt (A-
4a), stiff to very stiff silt (A-4b), and stiff to very stiff silt and clay (A-6a). The
natural granular deposits consisted of medium dense gravel with sand (A-1-b),
medium dense gravel with sand and silt (A-2-4), and medium dense sandy silt (A-
4a). The natural soil deposits extended to approximate depths between 6 and 17

feet corresponding to approximate elevations between 529.3 and 553.1 where
bedrock was encountered.

4.2.2 Bedrock Conditions

In the area of the proposed structure, bedrock was encountered in all borings below
the natural soil deposits. The bedrock consisted of soft to hard, slightly to highly
weathered/decomposed, slightly to highly fractured sandstone. The amount of rock
cores recovered ranged between 89 and 100 percent. The rock quality designation
(RQD) of the bedrock ranged between 11 and 78 percent with an average of 50
percent, indicating very poor to good quality rock.

Unconfined compressive strength of tested cores ranged between 10,209 and
12,706 psi. The tested cores were selected from the depths between 9.3 and 23.3
feet. This corresponds to elevations 520.4 to 549.8. A summary of the unconfined
compressive strength of the tested cores is shown in Table 1, on the following page.
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TR-62 0.3-9.7 549.0-549.8
TR-64 19.5-19.8 528.6-528.9
TR-66 22.8-23.3 326.5-527.0
TR-71A 21.6-22.0 520.8-520.4
TR-73A 19.2-19.6 525.2-525.6

4.2.3 Groundwater Conditions

Seepage was encountered only in borings TR-66, TR-71A, and TR-73A between
approximate depths of 7.3 and 17.0 feet. Water was encountered prior to coring in
borings TR-66 at an approximate depth of 16 feet. Water was used during rock
coring and masked any seepage zones that might exist in the rock. Measurable
water levels were present in all borings upon the completion of coring (includes
drill water) between approximate depths of 0.0 and 8.0 feet.

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

5.0 CONCLUSIONS AND RECOMMENDATIONS

It is anticipated that the proposed ramp will be constructed as described in Sections 1 and 2 of this
report. At this time, it is not known what foundation type would be used to support the abutments.
Recommendations for spread footings, drilled shafts, and pipe piles are included for the support of
the abutments. Drilled shaft and spread footing foundation recommendations are also included for
the piers. Given the existing site conditions, MSE walls are suitable to contain the abutments and

hold back the roadway embankment. Recommendations for foundations and MSE walls are
presented in the following sections.

3.1

Bridge Foundation Recommendations
5.1.1 Rear and Forward Abutments

I. Pipe Piles

It is understood through previous communications with the ODOT Office of
Structural Engineering (OSE) that pipe piles can be used to support the abutments.
This foundation alternative includes supporting the abutments by steel pipe piles
placed in prebored holes 12 inches larger than the diameter of the pile and 5 feet
deep into bedrock. After installing the steel pipe pile in the prebored hole, grout or
cement should be placed in the void area around the pile in the prebored hole prior
to constructing the embankment granular fill (per OSE). Therefore, a pile sleeve
may not be required for the installation of the piles. However, consideration should
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be given to the use of pile sleeves to mitigate down drag effects from compaction
and to protect the pile during the embankment and MSE wall construction. The
allowable capacity of the pipe pile may be determined according to ODOT BDM
202.2.3.2.b for the proposed structures. Excessive lateral loading and uplift is not
anticipated to be a concern at this site. However, if these forces are determined to
be significant, longer socket lengths may be required.

Due to the relatively small rigidity of the steel pipe piles compared to drilled shafts,
the steel pipe piles are anticipated to provide lower lateral resistance. Therefore,

the prebored and socketed steel pipe pile foundation system may be a concern if
significant lateral loads are present.

II. Drilled Shafts

Drilled shafts may also be considered for the support of the abutments. Based upon
the existing site conditions, it appears that a systems of drilled shafts socketed a
minimum of 5 feet into competent rock could be used to support the proposed
structural abutments. The drilled shafts should be straight (not belled) and may be

designed based on an allowable bearing pressure of 80 kips per square foot (ksf) or
(40 tsh).

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

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

Precautions should be taken to permit the shafts to be drilled and the concrete
placed under relatively dry conditions. Only minor seepage was encountered in
three of the borings drilled for this structure. However, water could flow into the
drilled shafts during installation particularly from seepage zones and wet zones not
encountered in the borings. It should be anticipated that materials across the site
could vary considerably and temporary casing will be required during the drilling
and concrete placement to seal out water seepage in the overburden and prevent
cave-in. During simultaneous concrete placement and casing removal operations,
sufficient concrete should be maintained inside the casing to offset the hydrostatic
pressure of any groundwater. Extreme care must be exercised during concrete
placement and removal of the casing so that soil intrusion is avoided.
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II1. Spread Footings
Spread footings bearing in the MSE wall fill are also considered to support the
abutments. As per the Bridge Design Manual 204.6.2.1, an allowable bearing

- capacity of 4 kips per square foot (ksf) may be used to design the footings.

5.1.2 Piers

I. Spread Footings .

Spread footings bearing on the rock encountered by the borings can be used to
support the piers. Competent bedrock was generally encountered within two to
three feet of the soil-rock interface. Spread footings bearing on competent bedrock
may be designed using an allowable bearing capacity of 80 kips per square foot

(ksf) or (40 tsf).

II. Drilled Shafts

Drilled shafts may also be considered for the support of the abutments. Based upon
the existing site conditions, it appears that a systems of drilled shafts socketed a
minimum of 5 feet into competent rock could be used to support the proposed
structural abutments. The drilled shafts should be straight (not belled) and may be

designed based on an allowable bearing pressure of 80 Kips per square foot (ksf) or
(40 tsh).

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

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

Precautions should be taken to permit the shafts to be drilled and the concrete
placed under relatively dry conditions. Only minor seepage was encountered in
three of the borings drilled for this structure. However, water could flow into the
drilled shafts during installation particularly from seepage zones and wet zones not
encountered in the borings. It should be anticipated that materials across the site
could vary considerably and temporary casing will be required during the drilling
and concrete placement to seal out water seepage in the overburden and prevent
cave-in. During simultaneous concrete placement and casing removal operations,
sufficient concrete should be maintained inside the casing to offset the hydrostatic




pressure of any groundwater. Extreme care must be exercised during concrete
placement and removal of the casing so that soil intrusion is avoided.

Table 2 below, summarizes the foundation recommendations. It should be noted
that the bedrock surface varies across the project area. The approximate bearing
elevations presented below indicate the elevations at the boring locations only.
Variations in the elevation at which competent bedrock is encountered should be
anticipated. Borings drilled for the final structure will help to better define soil and

bedrock in the area of the substructures.

Table 2-Summary of Foundation Recommendation

i iy L Existing Ground Foindation Appmx.imate Ai!ow?ble
Eleiekt orings Su.rface Type Be_armg Bearlr}g
Elevation (Feet) Elevation (Feet) Capacity
Rear Pipe Piles 524.3 % Pile Capacity"
Abutment TR-71A 542.8 Drilled Shafts 5243 * 80 ksf*"
Spread Footings MSE Fill 4 ksf
559.1 (TR-62) 553.1 (TR-62)
548.4 (TR-64 : 536.9 (TR-64
TR62 | 3498 (g | SrresdFootings | T52rrred 40 kit
Piers TR-64 544.8 (TR-73A) 530.9 (TR-73A)
TR-66 559.1 (TR-62) 548.1* (TR-62)
TR-73A 548.4 (TR-64 ; 531.9* (TR-64 +
5408 ETR- 66% Drilled Shafts 527 g ETR— 66% 80 ksf*
544.8 (TR-73A) 525.9*% (TR-73A)
Forward Pipe Piles 548.1 * Pile Capacity”
Alsivkiiatit TR-62 559.1 Drilled Shafts 548.1 * 80 ksf™
Spread Footings MSE Fill 4 ksf

* Includes 5-foot socket into competent rock.
* Pile capacity should conform to ODOT BDM 202.2.3.2.
++ ; .

End bearing capacity only.

5.2

Mechanically Stabilized Earth (MSE) Retaining Wall Recommendations

It is understood that MSE walls would be used to construct the embankments and contain

the abutments.

Recommendations for the MSE wall are presented in the following

sections. The MSE wall should be constructed per the recommendations presented in this
report and in conformance with the manufacturer’s specifications.

5.21

MSE Walls: General Information

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

A global stability analysis and a bearing capacity analysis were performed for the
MSE walls at this bridge location in accordance with ODOT and AASHTO

guidelines. The MSE walls were also analyzed for sliding and overturning.

7



Calculations for bearing capacity, sliding, and overturning as well as the results of
the global stability analyses are presented in Appendix IV. Other external and
internal stability analyses are required for the design of an MSE wall, but are
considered outside the scope of this report. The parameters required to perform the
stability analyses are presented in Table 3, on the following page. In accordance
with ODOT guidelines, a unit weight of 120 pcf and a friction angle of 34 degrees
were selected for the backfill material in the reinforced zone. Similarly, the fill
material used to construct the roadway embankments is assumed to have a unit
weight of 120 pef and a friction angle of 30 degrees. If the embankment fill
material or backfill material for the reinforcing zone has properties significantly

different from these values, DLZ should be informed so that the analyses may be
revised as necessary.

Table 3, Soil Parameters Used in The MSE Wall Stability Analyses

Unit Strength Parameters
Zone Soil Type Weight | Undrained Drained
(pef) ¢ ()] c o'
Reinforced Fill Compacted 120 o | 34 | o | 34
Granular Fill
; ; Compacted
Retained Soil Bishanlaet Fili 120 0 30 0 30
Foundation Soil p—
(Rear Abutment) | St Tags | 120 J1s00| 0 | 0 | 29
(Boring TR-71A) Y
Foundation Soil ;
(Forward Abutments) | o >0 o Hard 120 | 3500 | 0 0 | 29

Sandy Silt (A-4a)

(Borings TR-62)

5.2.2 MSE Wall Evaluations and Recommendations

The rear abutment location was selected to be analyzed for this proposed structure
location due to the existence of relatively thick soil overburden cover over the rock.
Due to the close proximity of rock at the forward abutment location, the MSE wall
1s anticipated to be bearing on rock or near bedrock, and hence the stability is not of
concern. The proposed embankment in both alternatives is slightly higher at the
forward abutment location than at the rear abutment. It should be noted that

variations may be found in borings drilled for the final design that may change the
results of the analyses.

Analyses for the MSE walls bearing on the native soils at the rear abutment yielded
factors of safety above the minimum recommended values for undrained and
drained global stability, as well as stability (sliding and overturning) and drained
bearing capacity. However, the factor of safety for the undrained bearing capacity
was calculated to be 1.4, below the required minimum value of 2.5. Consequently,
additional analyses were undertaken to evaluate possible remedies to this low factor
of safety for undrained bearing capacity.
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UTEXAS3 was utilized to evaluate the bearing capacity of the MSE wall.
UTEXAS3 is a computer program that can be used to evaluate several types of
global stability failure modes. If the problem is modeled so the failure surface
passes through or below the toe of the MSE wall volume, this analysis can be
considered a global stability failure mode that is essentially a bearing capacity
failure. Using this type of failure model for the MSE walls, the factor of safety for
undrained bearing capacity of the full height wall was calculated to be less than the
required minimum value of 2.5, Therefore, additional analyses were performed to
determine the maximum allowable staged construction height to achieve a
minimum factor of safety for undrained bearing capacity. This analysis resulted in
a maximum allowable staged height of 19 feet, with a factor of safety of 2.5. A
waiting period will be required prior to the placement of additional fill. The
waiting period will allow excess pore water pressures to dissipate before the
placement of the additional fill. Calculations for this waiting period will be
included in the final report. These calculations will be based upon the results of
testing from borings drilled for the final structure locations. In addition, as an
alternative to staged construction, an undercut of the cohesive soils could be
considered to remedy the low factor of safety for undrained bearing capacity. A
recommended depth of undercut will be determined in the final report based upon
the results of the borings drilled for the approved bridge structure.

Due to the inherent variations of the subsurface conditions, the actual required
waiting period may be shorter or longer than anticipated. It is recommended that
piezometers be installed in the clay layer to monitor the excess pore water pressures
that will develop during construction and ensure that a critical pore water pressure

is not exceeded. Analyses will be performed for the final report to determine the
critical pore water pressures.

The stability analysis of the MSE wall was based on the assumption that the top 8.5
to 10.5 feet of the native soil along the MSE wall consists of natural cohesive
deposits. The minjmum embedment of the MSE wall in accordance to ODOT and
AASHTO guidelines is 3.0 feet. If any loose, soft or compressible soils are
encountered while excavating for the leveling pad, these soils should be removed
and replaced with compacted granular fill. Any compacted granular fill below the
leveling pad should be aggregate base conforming to CMS Item 304. In all cases,
the thickness of the unreinforced concrete leveling pad shall not be less than 6
inches conforming to BDM ltem 204. For stability, calculations have indicated that
a minimum reinforcement length of 0.85H or 31.5 feet is required for stability of
the proposed MSE wall at the rear abutment location. Similarly, a minimum
reinforcement length of 0.8H or 33.6 feet is required for stability of the proposed
MSE wall at the forward abutment.

The total maximum settlement of the MSE wall volume at the rear abutment was
estimated to be approximately 7 inches at the centerline of the wall. Settlement
was calculated using the computer program EMBANK, using the “end of fill”
option to model the non-continuous embankments. Differential settlement at this
location was estimated to be approximately 0.66 percent. MSE retaining walls are
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able to withstand relatively large amounts of differential settlement, typically up to
100 millimeters per 10 meters of wall length (1.0 percent). Settlement calculations
are presented in Appendix IV. The MSE wall at the forward abutment will be
founded at or near bedrock. Therefore, the settlement at the forward abutment
location is assumed to be negligible.

Time-rate of settlement calculations will be presented in the final report based upon
laboratory test results from samples collected in the final borings.

Tables 4A and 4B, below and on the following page present the MSE retaining wall
parameters and results of analyses.

Table 4A, MSE Retaining Wall Parameters and Analyses Results
(Rear Abutment)

R R B

Retained Soil (New Embankment)

Unit Weight = 120 pef

Coefficient of Active Earth Pressure (K,) = 0.33
(Based on @ =309

Sliding along base of MSE wall
Sliding Coefficient (££)(0.67) = tan 29°(0.67) = 0.37

Use (1£)(0.67) = 0.35 as a maximum value as per AASHTO, BDM,303.4.1.1

Allowable Bearing Capacity — Undrained Condition
qun = 33153 pSf

Allowable Bearing Capacity — Drained Condition

| Jai = 6,967 psf (rear abutment)

Global Stability

Factor of Safety — Undrained Condition = 1.6
Factor of Safety — Drained Condition = 1.6

Factor of Safety — Drained Seismic Condition = 1.5

el ==~

Estimated Settlement of MSE volume
Maximum Total Settlement = 7 inches
Differential Settlement = 0.66% < 1.0%

Minimum Embedment Depth = 3.0 feet
Maximum Allowable Construction Stage = 19.0 feet

Minimum Length of Reinforcement for External Stability = 31,5 feet*

T 1
{ S—

J

10




]

IEED B

TN B

|

1 93 1 -3 L[

Table 4B, MISE Retaining Wall Parameters and Analyses Results
(Forward Abutment)

Retained Soil (New Embankment)

Unit Weight = 120 pef

Coefficient of Active Earth Pressure (K,) = 0.33
(Based on &' = 30%)

Sliding along base of MSE wall
Sliding Coefficient (LL)(0.67) = tan 29°(0.67) = 0.37
Use (1£)(0.67) = 0.35 as a maximum value as per AASHTO, BDM,303.4.1.1

Allowable Bearing Capacity — Undrained Condition
| Gan = 7,265 psf

Allowable Bearing Capacity — Drained Condition

| Qan = 7,219 psf (rear abutment)

Global Stability (Walil founded on or near bedrock)
Factor of Safety — Undrained Condition > 1.5
Factor of Safety — Drained Condition > 1.5

Factor of Safety — Drained Seismic Condition > 1.3

Estimated Settiement of MSE volume (Walil founded on or near bedrock)
Maximum Total Settlement = 0 inches
Differential Settlement = 0.0% < 1.0%

Minimum Embedment Depth = 3.0" feet

Minimum Length of Reinforcement for External Stability = 33.6 feet*

s [ s S

* Minimum embedment depth. No embedment in bedrock is required.

5.3 MSE Wall Foundation Earthwork Recommendations

Excavations for the proposed MSE wall should be prepared in accordance with ODOT-
CMS 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
(29 CFR Part 1926) concerning sloping and shoring requirements for excavations. It is
recommended that earthwork be performed under continuous observation and testing by a
soils technician with the general guidance of a geotechnical engineer. Backfill material
used to establish planned grades may consist of nonfrost susceptible clean granular soil
free of topsoil or organic material. Alternatively, the excavation may be backfilled with
Ohio Department of Transportation (ODOT) Construction and Material Specifications
(CMS) Item 304 and should be compacted in conformance to CMS 203.06 and 203.07.

54 Groundwater Considerations

Water seepage was encountered in three of the borings only (TR-66, TR-71A, and TR-
73A). Groundwater was noted prior to adding drill water only in boring TR-66.
Representative final water levels could not be obtained due to the use of water during rock
coring. Excavation for the pier foundation is expected to be between 3 and 17 feet.
Foundation construction on the rock is expected to encounter only minor seepage.
Excavations or shafts extending below bedrock level may encounter more significant
seepage through fractured zones in the rock. The contractor should be prepared to deal
with seepage and water flow that may enter any excavations.

11
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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 Riedy
Geotechnical Engineer

Eric Tse, P.E.
Geotechnical Engineer

sjr

M:\proj\0121\3070.03\US 52\Ramp B\New after Transystem Final Plans_10_18_2006\US 52 Ohio River Road-Structure Report-RAMP B 10-23-
2006 SIR.doc
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APPENDIX I

- Structure Plan and Profile Drawings - Two (2) -117x17”
Boring Plan - 117x17”
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APPENDIX II

General Information — Drilling Procedures and Lo gs of Borings
Legend — Boring Log Terminology
Boring Logs — Two (2) Borings
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GENERAL INFORMATION
DRILLING PROCEDURES AND LOGS OF BORINGS

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

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

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

In the laboratory all samples were visually classified by a geotechnical engineer. Moisture
contents of representative fine-grained soil samples were determined. A limited number of
samples, considered representative of foundation materials present, were selected for

performance of grain-size analyses and plasticity characteristics tests. The results of these
tests are shown on the boring logs.

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

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

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

S\Geof\Forms\General Info English.doc
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LEGEND - BORING LOG TERMINOLOGY

Explanation of each column, progressing from left to right

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

_2. Elevation (in feet) — is referenced to mean sea level, unless otherwise noted.

3. Standard Penetration (N) — the number of blows required to drive a 2-inch O.D., 1-3/8 inch I.D., split-barrel sampler, using a 140-
pound hammer with a 30-inch free fall. The blows are recorded in 6-inch drive increments. Standard penetration resistance is

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

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

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

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

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

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

9. Soil Description

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

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

Cohesive Soils — Consistency

Unconfined Blows/Faoot

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 Siiff 0.50-1.0 4-8 Penetrated by thumb with moderate pressure
Stiff 1.0-2.0 8-~158 Readily indented by thumb but not penetrated
Very Stiff 20-40 15 - 30 Readily indented by thumb nail
Hard over 4.0 over 30 Indented with difficulty by thumb nail

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

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

Description Size Description Size

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

Cobbles 8tod - Fine 0.42 mm te 0.074 mm

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

S\Dept\Geotechnical\Forms\Borings\Legend ODOT English.dog
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d. The main soil component is listed first. The minor components are listed in order of decreasing percentage of particle size.

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

trace 0to 10%
little 10 to 20%
some 2010 35%
“and’ 35 10 50% ‘
f. Moisture content of cohesionless soils (sands and gravels) is described as follows:
Term Relative Moisture or Appearance
Dry No moisture present
Damp Internal moisture, but none to little surface moisture
Moist Free water on surface
Wet Voids filled with free water

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

Term Relative Moisture or Appearance

Dry Powdery

Damp Moisture content slightly below plastic limit

Moist Moisture content above plastic limit but below liquid limit
Wet Moisture content above liquid limit

10. Rock Hardness and Rock Quality Designation

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

Term Description

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

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

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

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

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

b. Rock Quality Designation, RQD — This value is expressed in percent and is an indirect measure of rock soundness. It is

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

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

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

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

S:\DeptiGeotechnical\Forms\Borings\Legend ODOT English.doc '
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Client: TranSystems, Inc.
Project: SCI-823-0.00
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APPENDIX IV

MSE Wall Global Stability Analysis Results
MSE Wall Bearing Capacity and Stability Calculations
' MSE Wall Settlement Calculations :
Drilled Shaft — End Bearing and Side Resistance Calculations
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L PN SUBJECT Client  TranSystems ODOT D-9 JOB NUMBER 0121-3070.03
u? D L Z Project SCI 823-0.00 Portsmouth Bypass SHEET NO. Z OF 9
Item MSE Wall Stability COMP. BY SJR DATE 10/19/06
US-52 Ramp B Rear Abutment Alternative 2 CHECKED BY 4.00T DATE (O_Qiﬂ
| STABILITY OF MSE WALL
Assumptions: Wall Properties Foundational Soil Properties
l 1 Estimated height of embankment; H=34' H+D = 37 'fet ¢ = 1500 psf  Cohesion
2 Itis assumed that abutment is supported on deep foundations Ymse = 120 ¢ pef ¢ = L2900 deg Friction angle
3 Ground water; Dw=0.0" L = 3145 fet oy = 240 psf  Traffic loading
I 4 Tratfic loading is neglacted in resisting forces L factor = 0..8_5":-‘ | Length factor-range (0.7 - 1.0)
5 o = 30 deg Friction Angle of Embankment Fill
| RESISTANCE AGAINST SLIDING ALONG BASE
Thrust: P =K, {_;_ }HZ ro, H} TRAFFIC LOADING
L
where; K =tan 2(45 - 2) K, = 033 L
2 EMBANKMENT /|
P, = 30,037  Ibs per foot of wall FILL 'L_Eﬁ-
tr"-—j’_—-
Resistance: F, =w(0.67)(u) (Drained) T —;’,-J‘_b
where; = tan(@) 0674 = 037 P I
0.671 Max. = 0.35 :f{AASHTO, Bridge Design Manual, 303.4.1.1} |
P, = 48,873. 'lBs ﬁer foot of wall A VAR
Use Undrained Value
P, =L(c) (Undrained)
B = 47,175  lbs per foot of wall
USE THIS VALUE
5 Calculated Required Resistance Against Sliding is
FS§ = F:: FS = 157 FS = 150

RESISTANCE AGAINST OVERTURNING

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

T Miesisiing 2,195,808 Ib-ft

Ib-ft

ZP'/[m'erluming 388,5 22

Required

Calculated
M resisting 5.65 FS = 2.00

FS = FS =
| >M

overturiin g

L
EM resisting = WL[E]

- _ 1 . H H
I EM:;wrmrm'rx - Ku[z }H ( 3 )+ @H[?]}
Resistance Against Overturning is




TranSystems

r(!;‘ SUBJECT Client
.\\\ﬁ"ﬁDI ’ z ’ Project SCI823-0.00 Portsmouth Bypass

MSE Wall Bearing Capacity

ltem

US-52 Ramp B Rear Abutment Alternative 2

JOB NUMBER 0121-3070.03
SHEET NO. z OF g
COMP. BY SR DATE _10/19/06

CHECKED BY ot DATE fo-2 y-0b

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

Soil Properties
TRAFFIC LOADING
’ - ’ F Yems = 120 pcf Unit weight Embankment: fill
; Oemp = 30 deg Friction ang. Embankment fill
H—
EMBANKMENT /| Yeon = 120  pef Unit weight Foundation soil
I REINFORCED
FikL ',’_..;_.. sl c = 1500 psf Cohesion Foundation soil
|
B o = 0 deg.  Friction ang. Foundation soil
T —f’-—:—- A _ . . . 4
o c = 0  psf Cohesion Foundation soil
T .
P ————_,4 *‘ o' = 29  deg. Friction ang. Foundation soil
= |
S \f 'L‘}LML“ 1\ \E \]t Loads and Parameters
o 1 D
e Wy = 240 psf Traffic loading
W I=B = 3145 ft Length of MSE reinforcement
L L factor = 0.85 Length factor-range (0.7 - 1.0)
Effective Bearing Pressure D = 3 ft Embedment depth
—_— W, + W, Dw = R Groundwater depth
VT 00 Oy = 5624 psf H+D = 37 ft
H = 34 ft Height of wall
Ultimate undrained bearing capacity, g ., Ka = 0.33
i [ Pa = 12333 ft Moment arm
qyr=cN.+0'; Nq +§VB Nr Qur = 7,883 psf Wt = 185 ft Moment arm
| q B' = 26.17 ft
q — ﬂ q P it p—
AlL™ "pg aL = 3,153 psf Y = 576 pef
| W, 7,548 1b/ft of wall Weight from traffic
Factor of Safety = 1.40 No Good Wie = 139,638 Ib/ft of wall Weight from MSE wall
Ultimate drained bearing capacity. g .. Bearing Capacity Factors for Equations (AASHTO)
. ‘ l Undrained Drained
| W= NAToNATVBN, - gor = 17,417 pst N, 5.14 N, 27.86
N 1.00 N 16.44
_ Quer q q
| GarL = Fs Qe = 6,967 psf N, 0.00 N, 1934
I Factor of Safety =  3.10 0K Eccentricity of Resultant Force Kern
e = 2.64 ft e<lL/6 = 5.24 ft

MSE-BearingCapacity RA Alt2 [MSE non-coped]

10/24/2006 - 11:52 AM
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US 52 Ramp B Rear Abutment Settlement

s}lco{' 5 O'F 7

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

Project Name : SCI-823 Portsmouth Client ! Transystems
File Name : US 52 Ramp B Rear A Project Manager : NIX
Date : 10/20/10 Computed by : SIR
Checked oW
settlement for X-Direction

Embank. slope, x direc. = 68.00 (ft) Height of fi11 H = 34.00 (ft)

y direc. = 68.00 (ft) unit weight of fi11 = 120.00 (pcf)
Embankment top width = 30.00 (ft) p Toad/unit area = 4080.00 (psf)
Embankment bottom width = 166.00 (ft) Foundation Elev, = 542.80 (fr)
Ground surface Elev. = 542.80 (ft)
water table Elev, = 539.80 (ft) unit weight of wat. = 62.40 (pcf)

LAYER COEFFICIENT UNIT SPECIFIC VOID
N§. TYPE THICK. COMP. RECOMP. SWELL. WEIGHT GRAVITY RATIO

(fo (pct)

1 INCOMP. 3.0 Required MSE Embedment 120.00 ———= ———-
2 comP. 5.5 0.220 0.000 0.000 120.00 2.65 0.59
3 comp. 5.0 0.046 0.000 0.000 120.00 2.65 1.00

SUBLAYER SOIL. STRESSES
N§. THICK. ELEV. INITIAL MAX.PAST PRESS.
(fo (fFt) (psf) (pst)
1 INCOMP. Required MSE Embedment
2 5.50 537.05 518.40 518.40
3 5.00 531.80 820.80 820.80
X = 0.00 X = 8.30 X = 16.60 X = 24.90
Layer Stress Sett. Stress Sett. Stress Sett. stress Sett.

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

1 INCOMP. TINCOMP. INCOMP. INCOMP. .
2 47.04 0.34 252.68 1.57 497.51 2.67 746.10 3.54
3 100.24 0.07 277.61 0.17 507.11  0.29 748.58 0.39

(TZD 175 " 2.96 3,92
Gotlemopot—TE of 115€ Wall
X = 33,20 X = 41.50 X =  49.80 X =  58.10

Layer‘ Stress Sgtt. stress S@tt. Stress Sgtt. Stress Sgtt.
(psf)  (inJ) (psf)  (in.) (psf) (in.) (psf) (inJ)

1 INCOMP, INCOMP. INCOMP. INCOMP.
2 991.79 4.24 1234.69 4.83 1478.38 5.35 1722.03 5.80
3 992.60 0.48 1236.36 0.55 1477.40 0.62 1708.59 0.67

w
mwwwwwmuuuwuwmwwumuwumuwwuumwuwwwwmuuwwwmwuuwmuwwmwwuuuuw W ow

4.72 5.38 5.97 6.48
X = 66.40 X = 74.70 X = 83.00
Layer Stress Sett. stress Sett, Stress Sett.

Nwwwumwmuuwuwwwwmmmuwwuwwwmwuuwumumwmmwwwmmmwwummmwmmuwuuwwwf\

(pst)  (in.) (psf)  (in.) (pst) (in.)
Page 1
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q
US 52 Ramp B Rear Abutment Settlement  Shet U of
1 INCOMP. INCOMP. INCOMP.

2 1942.77 ~ 6.18 2008.06 6.28 2012.85 6.29
3 1898.88 0.72 1985.07 0.74 2001.48 0.74

7690 702 @
Stlmit at Eof [Carp

AABAAA Hit arrow keys to display next screen. <F8> Print. <F10> Main Menu AAAAAU

wWoW Wl R W W W
Wow oW oW oW W W W
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SUBJECT Client  TranSystems ODOT D-9 JOB NUMBER 0121-3070.03
; D Project  SCI823-0.00 Portsmouth Bypass SHEET NO. < OF 2

[tem MSE Wall Stability COMP. BY SJR DATE 10/23/06
UUS-52 Ramp B Forward Abutment Alterative 2 CHECKED BY 447 DATE |a-if- 04
L STABILITY OF MSE WALL
Assumptions: Wall Properties Foundational Soil Properties
1 Estimated height of embankment; H=39' H+D = 42 feet ¢ = 3500 psf  Cohesion
2 Itis assumed that abutment is supported on deep foundations Vme = 120 pef o = 29 deg Friction angle
3 Ground water; Dw=0.0' L = 336 feet oy = 240 psf  Traffic loading
4 Traffic loading is neglacted in resisting forces L factor = ° 0.80 . E Length factor-range (0.7 - 1.0)
5 ¢ = 300 Edeg Friction Angle of Embankment Fill
RESISTANCE AGAINST SLIDING ALONG BASE
Thust P, =K, [% H + o, H} l l l IHATC L(IADING
where; K =tan 2(45- ﬂ) K, = 033 '
2 EMBANKMENT
P, = 38,254  Ibs per foot of wall FILL
Resistance: P, =w(0.67) ) (Drained) T —,,fa-H—
lr_—-—'_—-
where; M = tan(@) 067w = 037 2 e
0674 Max.= 035{AASHTO Bridge Design Manual, 303.4.1.1) i
B = 59,270. lbsper foot of wall A \:'J‘\
USE THIS VALUE
P, =L(c) (Undrained)
P = 117,600 lbs per foot of wall
Use Drained Value
- Calculated Required Resistance Against Sliding is
FS = P FS = 155 FS = 150

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

l * Traffic loading is neglected in resisting forces
I ZMTESi'\ting i 2‘844,979 lb-ﬂ ZMH‘.\'ixring = ;HL(%]
zi’-v[ovenurning = 558,835 Ib-ft > M =K _1. ?f-lz[_f_{_) + er i}
l overturniig u 2 3 2
SM Calculated Required Resistance Against Overturning is
FS = ™ FS = 5.09 FS = 200
‘ ZM cverturming g




Ty SUBJECT Client  TranSystems JOB NUMBER 0121-3070.03
b DI z Project SCI823-0.00 Portsmouth Bypass SHEET NO. |

Item MSE Wall Bearing Capacity COMP. BY SJR DATE 10/23/06
US-52 Ramp B Forward Abutment Alternative 2 CHECKEDBY w7 DATE ¢y ~?-§go ¢
BEARING CAPACITY OF A MSE WALL
Ref: {AASHTO; STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES, 17th Edition, 2002}
Soil Properties
TRAFFIC LOADING
T Yems = 120  pef Unit weight Embankment fill
H T Oems = 30 deg.  Friction ang. Embankment fill
H_‘" . ; :
EMBANKMENT /| Yepn = 120 pef Unit weight Foundation soil
i
Pl ,L.q:—- c = 3500 psf  Cohesion Foundation soil
|
/L*‘J:—" ] = 0 deg.  Friction ang. Foundation soil
/ - -
T ;o ¢ = 0 psf Cohesion Foundation soil
]
P —""-,‘ . : . o' = 29  deg. Friction ang. Foundation soil
.
¥ F R i Loads and Parameters
)y = 240 psf Traffic loading
W 1=B = 336 ft Length of MSE reinforcement
L L factor = 0.8 Length factor-range (0.7 - 1.0)
Effective Bearing Pressure D = 3 ft Embedment depth
W, +W,q Dw = 3 ft Groundwater depth
g = —— -
v =g v = 6,498 psf H+D = 42 ft
H = 39 fi Height of wall
Ultimate undrained bearing capacity, g . Ka = 0.33
1 [ Pa = 14 ft Moment arm
QUercM"'UIDNq"'EVBM Qur = 18,163 psf r wt = 21 ft Moment arm
g B' = 2730 ft
q — Yurr q i _
ALLT "pg aL = 7,265 psf e = 57.6  pcf .
W, 8,064 1b/ft of wall Weight from traffic
Factor of Safety =  2.80 OK Woe = 169,344 Ib/ft of wall Weight from MSE wall
' Ultimate drained bearing capacity, g . Bearing Capacity Factors for Equations (AASHTO)
‘ I . ' i Undrained Drained
QULT=CNr+JDNq+EyBNT Qur = 18,047 psf N, 5.14 N. 27.86
N, 1.00 N, 1644
_ YQuer
| Tare=pe Que = 7219 psf N, 0.00 N, 1934
] ' Factor of Safety = 2.78 OK Eccentricity of Resultant Force Kern
e = 3.15 ft e<l/6 = 5.60 ft

MSF-RearinaCanacity FA Alt? IMSF non-canedl] 10/24/2006 - 3:48 PM
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RETAINING WALL JUSTIFICATION

1. Introduction

TranSystems is providing engineering services to the Ohio Department of Transportation for the design of new
overpass structures for the proposed S.R. 823 ramps at the U.S. 52 interchange over Ohio River Road (CR-503). As
part of this Structure Type Study submittal we will investigate the justification of retaining walls along Ramp US 52 B in
accordance with Sections 1404.2 of the L&D Manual and 204.6 of the Bridge Design Manual. The refaining wall
justification is prepared at this time due fo the change in alignment of the ramp that has occurred since the 7/15/2005
PAVR submittal. The change in alignment was to provide additional clearance for the railroad. Additional discussion of
the project is available in the main body of this study.

2. Retaining Wall Narrative

Several roadways, properties and two Norfolk Southem tracks are closely aligned in the proposed U.S. 52-S.R. 823
interchange. The roadways are the existing U.S. 52, the existing Ohio River Road, the proposed Ramp A carrying
traffic from westbound U.S. 52 to northbound S.R. 823, and the proposed Ramp B carrying traffic from southbound
S.R. 823 to eastbound U.S. 52. The close proximity of these roadways/iracks and their differences in elevation at
various locations require the use of MSE walls fo satisfy both grading continuity and safe/proper embankment limits.
MSE walls that prevent the embankment encroaching onto either Ohio River Road, Ramp A, US 82 or Norfolk
Southern property are considered required and therefore a justification not included. 1t is important to note that the
District indicated that Norfolk Southem is considering additional fracks at this location and therefore permanent takes
of their property are not considered. The Retaining Wall Justification will focus on the area where MSE walls can
transition to 2:1 embankment sections from stations 22+00 to 30+00. The embankment from sta. 22+00 to 30+00 will
allow for adequate clearances to US 52 or the Norfolk Southern right of way as well as allowing for drainage.
However, the embankment will require taking 3 properties in the area between the tracks and Ramp B. The affected
properties are residential with owners as follows: James & Pamela Kurtz, Raymond G. & Linda M. Brown and William
L. & Hilda M. Spence. Plan drawings showing the affected properties and the fill limits; as well as cross sections, are
included in this appendix.

3. Retaining Wall Type

Areas of retaining wall will be greater than 5000sf and, therefore, MSE walls are assumed throughout the justification.
The use of MSE walls throughout the calculations is consistent with Section 204.6.2 of the BDM and their use on the
bridge.

4. Cost Analysis
Cost analysis is included on the following sheets and summarized below:
The estimated construction cost for the retaining wall is $1,141,500

The estimated embankment construgtion cost and property cost is $279,600
5. Recommendations
Due to the lower construction costs, it is recommended that the embankment be constructed from stations 30+00 to

22+00 on the left side of Ramp US 52 B. As mentioned above, the retaining walls from station 30+00 to the bridge
abutment are considered required. It is recommended that MSE walls be used due to the large area fo be constructed.
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- MadeBy __ AJP Date 11/10/06 Job No. P403030064
. Syg'[emé\ Checked By _ MTN__ Date 11/10/06  Sheet No.
w—*—w/ RETAINING WALL JUSTIFICATION
“ Job Name SCI-823-0.00 Structure
Description __ S.R. 823 Ramp B OVER US 52 PID# _ 77366

Retaining Wall Justification Study Economic Analysis

Location: Ramp US 52 B STA 30+00 to 22+00 Lt

With Retaining Wall

MSE Wall Construction Cost

Average Wall Height = 16.5 ft.
Wall Length = 800
Wall Area = 11300  sf
MSE Wall Unit Price = $55 per sf
TOTAL Wall Cost =  $621,500

Concrete Railing with Moment Slab Construction Cos

Railing Length = 800 ft.
Railing Unit Price = $400  perft
TOTAL Barrier Cast =  $320,000

Noise Barrier Construction Cost

Noise Barrier Length = 800 ft.
Estimated height = 10 ft.
Noise Barrier Area = 8000 sf
Noise Barrier Unit Price = $25.00  per sf
TOTAL Barrier Cost =  $200,000

TOTAL Construction Cost with Wall
$1,141,500

t

SR823 RampBoverUs52_Retwall.xls




- MadeBy _ PJP ___ Date _11/10/06 Job No. P403030064
I i E! ! | Systems N Checked By  MTN Date  11/10/06 Sheet No.
e RETAINING WALL JUSTIFICATION

—1 1

1 1

Job Name SCI-823-0.00 Structure
Description _ S.R. 823 Ramp B OVER US 62 PID # 77366
Retaining Wall Justification Study Economic Analysis Location: Ramp US 52 B STA 30+00 to 22+00 Lt.
Without Retaining Wall

Embankment Construction Cost

Estimated Volume = 11,400 cy
Embankment Unit Price = $9 per cy
TOTAL Embank. Cost =  $102,600

Property Costs (3 takes)
Total Parcels = 3
Unit Cost per parcel =  §52,000
Total Property Costs =  $156,000

Building Demilition Costs

Total Buildings = 4
Unit Price per bidg. = $4,000
TOTAL Building Demo = $16,000

Misc. Roadway Construction Cost (GR etc.)
$5,000

TOTAL Construction Cost without Wall
$279,600

SR823 RampBoverlUS52_Retwall. xis
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