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FINAL REPORT
OF
STRUCTURE FOUNDATION EXPLORATION
FOR
MAIN STREET BRIDGE OVER INTERSTATE 71

(FRA-71-1716C)

PROJECT FRA-70-14.48 - 1-70/I-71 EAST INTERCHANGE (PID 77370)

COLUMBUS, OHIO

EXECUTIVE SUMMARY

As part of the FRA-70-14.48 East Interchange project in Columbus, Ohio, a structure foundation
exploration was performed for the proposed FRA-71-1716C Bridge. The proposed bridge will
replace the existing five-span bridge and will be a three-span structure that will carry Main Street
traffic over Interstate 71 (I-71), beginning at approximate Sta. 33+78.38 and ending at
approximate Sta. 37+56.77. This exploration was performed to (1) determine the subsurface
conditions, (2) determine the characteristics of the subsurface materials, and (3) provide
information to assist in the design of the structure foundations.

The subsurface conditions were determined by considering nine borings. Six borings were
drilled to depths of between 7.0 and 90.0 feet and three historic borings drilled to depths of
between 61.0 and 66.0 feet were also considered. Samples of the subsurface materials were
obtained for classification and general index testing.

Concrete cantilever-type wall abutments and piers supported on spread footings are being
considered for the proposed FRA-71-1716C Bridge. Based on the drawings provided by ms
consultants inc., the maximum proposed wall heights (taken as the difference between the top of
the proposed bridge deck elevations and the proposed bottom of footing elevations) are expected
to be approximately 33.1 feet at the rear abutment and 31.9 feet at the forward abutment. The
bottom of footing elevation at proposed Pier 1 is anticipated to be at elevation 739
(approximately 46.0 feet below the proposed bridge deck), while the bottom of footing elevation
at proposed Pier 2 is anticipated to be at elevation 746 (approximately 40.0 feet below the
proposed bridge deck). Based on the foundation dimensions and loading information provided
by ms consultants inc., the results of the analyses indicated that the provided base widths of
20.25 feet and 20.0 feet were adequate for the stability of the rear and forward abutments,
respectively. Furthermore, the provided base width of 14.0 feet for both Pier 1 and Pier 2 was
adequate in terms of stability.
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1.0 INTRODUCTION

This report includes the findings of the foundation exploration for the proposed Main Street
Bridge (FRA-71-1716C) that will carry Main Street traffic over Interstate 71 (I-71) as part of the
I-70/1-71 East Interchange improvements. Based on the information provided, the proposed
bridge will replace the existing five-span bridge and will be a three-span structure, beginning at
approximate Sta. 33+78.38 and ending at approximate Sta. 37+56.77. Note that all station
numbers used in this report are referenced to the baseline of the proposed Main Street Bridge.

According to the most recent bridge profile drawing provided, the maximum proposed wall
heights (taken as the difference between the top of the proposed bridge deck elevations and the
proposed bottom of footing elevations) are expected to be approximately 33.1 feet at the rear
abutment and 31.9 feet at the forward abutment. The bottom of footing elevation at proposed
Pier 1 is anticipated to be at elevation 739 (approximately 46.0 feet below the proposed bridge
deck), while the bottom of footing elevation at proposed Pier 2 is anticipated to be at elevation
746 (approximately 40.0 feet below the proposed bridge deck). It is understood that concrete
cantilever-type wall abutments and piers supported on spread footings are being considered for
this structure. The anticipated bottom of footing levels for the cantilever-type wall abutments
and piers are expected to vary between elevations 739.0 and 754.5. In order to achieve the
proposed final grade immediately in front of the abutment walls, it is anticipated that up to
approximately 10.0 feet of excavation will be required. To achieve the final grade immediately
behind the rear abutment wall, approximately 16.6 feet of new fill will need to be placed at the
abutment. However, the proposed grade behind the forward abutment wall is anticipated to be
approximately equal to the existing grade. Consequently, a minimal amount of cut and fill is
expected at the forward abutment. To achieve the final grade at the proposed pier locations,
excavations between approximately 2.0 and 11.0 feet are anticipated.

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

Information about the proposed bridge was obtained from the most recent Site Plan (see
Appendices 1) and email/phone communications in May and June of 2013. If the proposed
locations or structural concepts 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.



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

GEOLOGY AND OBSERVATIONS OF THE PROJECT

Geology of the Site

Generalized geology information is presented in the sections below. Information
regarding the thickness of the glacial deposits and hydrogeology was obtained from
general geologic references. A complete list of the geologic references used for the
project is presented in the Project FRA-70-8.93 Red Flag Summary report, dated April
11, 2008.

2.1.1 General Geology

The natural ground in the area of this structure is characterized by relatively flat to
gently sloping topography. The natural ground surface is interrupted by the 20 to
25 foot deep trench at the existing freeway. The project area is located in the
Columbus Lowland of the glaciated Central Lowland Physiographic Region. The
Columbus Lowland is characterized by the Wisconsin-age till over Devonian and
Mississippian-age carbonate rock, shale and siltstone.

General geological references report the site was covered by the Wisconsin and
Illinoian glaciers. The East Interchange area is approximately 1.5 miles east of
the Scioto River.

The predominant glacial deposits in Franklin County consist of glacial till, which
is a heterogeneous mixture of clay, silt, sand, gravel, cobbles and boulders. Most
of the project alignment extends through glacial outwash deposits that fill the
preglacial valley in which the Scioto River flows. Fine-grained fill and
quaternary (recent) alluvial deposits cover the glacial outwash materials and are
present along the length of the project area. The thickness of the glacial deposits
in the East Interchange area generally varies between 80 and 120 feet.

Bedrock along the alignment lies on the eastern margin of the Cincinnati Arch
and is inclined at approximately 10 feet per mile to the southeast towards the
Appalachian Basin. Bedrock units as well as contacts between units display a
pronounced north-south orientation or strike. Three different rock formations lie
immediately below the soils along the alignment. These include from youngest to
oldest: the Olentangy Shale, the Delaware Limestone and the Columbus
Limestone, all of the Devonian Age.

2.1.2 Hydrogeology and Groundwater

Most of the project alignment extends through glacial outwash deposits that fill
the preglacial valley in which the Scioto River flows. Fine-grained fill and
quaternary (recent) alluvial deposits cover the glacial outwash materials and are
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present along the length of the project area. These glacial outwash sequences
consist primarily of sand and gravel, and have the potential to yield significant
amounts (greater than 100 gpm) of ground water.

Groundwater along the corridor is influenced by the presence of manmade
subsurface features, including but not limited to: buried utility conduits and
pipelines, subsurface foundations and basements and the roadway trench of
I-70/71. These features can disrupt the natural groundwater flow by creating
barriers and preferential migration pathways. These controlling features can
impact near surface groundwater by affecting the flow directions and speed.
Additionally, these impacts can be highly localized.

2.2 Field Reconnaissance

A field reconnaissance for the FRA-70-14.48 project area was performed in 2008 as part
of the preliminary study for the FRA-70-8.93 project. Findings of the field
reconnaissance as well as other information obtained for the project area are presented in
the Project FRA-70-8.93 Red Flag Summary report, dated April 11, 2008.

EXPLORATION
3.1  Field Exploration

The geotechnical investigation consisted of three different explorations, totaling nine
borings. Three borings, B-001-M-59, B-007-M-59, and B-012-M-59, were drilled as part
of the original geotechnical investigation for the existing Main Street Bridge between
June 10, 1959 and June 19, 1959. These borings were drilled adjacent to the existing
west abutment, the existing third pier (from west to east), and the existing east abutment,
respectively. The borings were drilled to depths of between 61 and 66 feet beneath the
ground surface. Note that historic borings, B-001-M-59, B-007-M-59, and B-012-M-59,
are identified as 1B, 7B, and 12B on the original boring logs, respectively. It should be
noted that elevations presented on the historic documents are referenced to the 1929
datum (NGVD 29). These elevations as presented in this report have been corrected to
the 1988 datum (NAVD 88), which is 0.6 feet lower than NGVD 29. It is our
understanding that an auger boring was also drilled, adjacent to the existing third pier
(from west to east), as part of the original investigation, to a depth of 30 feet. However,
no standard penetration data or detailed log was available for the auger boring, so it was
not evaluated for this report.

Another three borings, B-172-0-09, B-173-0-08, and B-174-0-08, were drilled as part of a
preliminary drilling program for the proposed roadway improvements and are located
adjacent to the proposed structure. These borings were drilled between January 22 and
March 15, 2009. Borings B-172-0-09 and B-174-0-08 were drilled between the proposed
west abutment and the proposed first pier. Boring B-173-0-08 was drilled to the west of
the proposed west abutment. The borings were drilled to depths of between 7 and 15
feet.
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Three borings, B-175-1-10, B-287-1-10, and B-287-2-10, were drilled for the final design
of the proposed replacement structure. Boring B-175-1-10 was drilled on February 3 and
4, 2011, and borings B-287-1-10 and B-287-2-10 were drilled between May 26 and June
2,2010. Boring B-287-1-10 was drilled adjacent to the proposed Pier 1 to a depth of 70
feet, and borings B-175-1-10 and B-287-2-10 was drilled adjacent to the proposed east
abutment to depths of 80.0 and 90.0 feet, respectively.

Borings in the preliminary and final phases of drilling were drilled with a truck mounted
rotary drill rig. The as-drilled boring locations are shown on the boring plan presented in
Appendix I. Boring logs for the preliminary and final phases of drilling are presented in
Appendix I and historical borings logs along with a plan showing their locations on the
Structure Plan and Profile drawing are presented Appendix II. Information concerning
the drilling procedures is presented in Appendix I. The boring locations were determined
by representatives of DLZ and approved by representatives at ODOT. The surveyed
locations and ground surface elevations of the borings were determined by
representatives of ms consultants for the preliminary drilling program and by
representatives of DLZ for the final design phase.

3.2 Laboratory Testing Program

The laboratory testing program consisted of visual classifications and general index tests.
The general index tests consisted of grain-size analyses, moisture content, and plasticity
determinations. The results of the classifications, grain-size analyses, moisture content,
and plasticity determinations are shown on the boring logs in Appendix 1.

FINDINGS

The following sections present the generalized subsurface conditions encountered by the borings.
For more detailed information, refer to the boring logs presented in Appendix 1.

4.1 Soil Conditions

Based on the boring information, the site is generally underlain with thick and dense to
very dense layers of granular materials. Cohesive soils, if present, were typically
encountered in the upper portions of the borings, at depths of between 3 feet (elevation
759.8) and 5 feet (elevation 777.3) below the existing ground surface or below a depth of
52.5 feet or an elevation of 718.1. However, borings B-175-1-10 and B-287-2-10,
located near the proposed forward abutment, encountered relatively thick cohesive soil
layers at shallow depths of between approximately 1 foot (approximately elevation 784)
and 21.0 feet (approximately elevation 764.5).

At the ground surface, the preliminary borings, B-172-0-09, B-173-0-08, and B-174-0-
08, generally encountered 3 to 8 inches of asphalt concrete. Beneath the asphalt concrete,
borings B-172-0-09 and B-173-0-08 both encountered 9 inches of Portland cement
concrete. Portland cement concrete was not encountered in boring B-174-0-08.
Underneath the Portland cement concrete in boring B-172-0-09 and asphalt concrete in
boring B-174-0-08, two to four inches of base aggregates were encountered in these
borings. Boring B-172-0-09 and B-174-0-08 were drilled in an existing trench on I-71.
Below the surface materials, these borings encountered primarily medium dense to very



dense granular soils consisting of gravel (A-1-a), gravel with sand (A-1-b), and coarse
and fine sand (A-3a) to the completion depths of the borings (both 15 feet or elevations
between 742.6 and 750.3). Note that boring B-172-0-09 encountered a thin layer of hard
sandy silt (A-4a) at depths of between 1.5 and 3.5 feet. Borings B-173-0-08 was drilled
outside of the trench. Below the surface materials, the boring encountered hard sandy silt
(A-4a) at depths of between 1.0 feet and 5.0 feet, followed by medium dense to dense
gravel (A-1-a) to the completion depth of the boring (7.0 feet or elevation 775.3).

Boring B-287-1-10 was drilled in the existing I-71 trench and encountered 8 inches of
topsoil at the surface, followed by possible fill consisting of hard silty clay (A-6b) to a
depth of 3.5 feet. Below the possible fill, the boring encountered medium dense to very
dense granular soils (A-1-b, A-3a, and A-4a) to a depth of 50.5 feet (elevation 712.3).
Underlying the granular soils, the boring encountered very dense silt (A-4b) interbedded
with a thin layer (approximately 2.5 feet thick) of silty clay (A-6b) at depths of between
50.5 feet (elevation 712.3) and 63.0 feet (elevation 699.8), followed by very stiff clay (A-
7-6) to the completion depth of the boring (70 feet or elevation 692.8).

Borings B-175-1-10 and B-287-2 were drilled outside of the 1-71 trench and encountered
4 to 8 inches of asphalt concrete overlying 7 to 8 inches of Portland cement concrete.
Beneath the Portland cement concrete, approximately 6 inches of base aggregate were
encountered in boring B-287-2-10. Beneath these pavement materials, boring B-175-1-
10 encountered approximately 5 feet of fill consisting primarily of very stiff to hard silt
and clay (A-6a) to a depth of 6.0 feet (elevation 780.2). However, below the pavement
materials, boring B-287-2-10 encountered possible fill to a depth of 14.5 feet (elevation
770.6). This possible fill consisted primarily of stiff to very stiff silty clay (A-6b) with
varying amounts of brick and rock fragments. Below the fill and possible fill, the borings
encountered interbedded layers of loose or hard sandy silt (A-4a), dense to very dense
gravel with sand (A-1-b), and stiff to hard silt and clay (A-6a) and silty clay (A-6b) to
depths of 21.0 (elevation 765.2) and 23.5 (elevation 761.6) where very dense gravel with
sand (A-1-b) was first encountered in the borings. This gravel layer was relatively thick
(approximately 43.5 to 51.0 feet) and was present at the depths of between 21.0 feet
(elevation 765.2) and 72.0 feet (elevation 714.2). Below the thick gravel layer, very stiff
to hard cohesive soils (A-4a and A-6a) were generally encountered to the completion
depths of the borings (between 80.0 and 90.0 feet or elevations between 695.1 and
706.2).

The historical borings, B-001-M-59, B-007-M-59, and B-012-M-59, generally
encountered sands and gravels with varying amounts of fines to their completion depth.
However, borings B-007-M-59 and B-012-M-59 encountered sandy gravelly silt between
the ground surface and the approximate depths of 8 feet and 24 feet, respectively. It
should be noted that these borings were drilled prior to the construction of the trench.
Reportedly, approximately ten to twenty feet of materials in the upper portions of these
borings was removed for the construction of the existing I-71.

Heaving sands were first encountered in borings B-175-1-10, B-287-1-10, and B-287-2-
10 at depths of 23.5 feet (elevation 739.3) and 43.5 feet (elevation 742.7).

Large gravel pieces, possible cobbles or boulders, or split-spoon refusal were
encountered below a depth of 14.0 feet (elevation 772.2) in boring B-175-1-10 and at a
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depth of 51.5 feet (elevation 711.3) in boring B-287-1-10. Although boulders were not
reported in the historic borings, refusal was encountered below the depth of 50 feet
(NAVD 88 elevation 735.4) in boring B-012-M-59. It should be noted that boulders were
encountered in borings drilled for nearby bridges along I-71 and 1-70.

4.2 Bedrock Conditions

Bedrock was not encountered in any of the borings within the depths of the investigation
(depths up to 90 feet or elevation 692.8).

4.3 Groundwater Conditions

Seepage was first encountered in borings B-175-1-10, B-287-1-10, and B-287-2-10 at
depths of 38.5 feet (elevation 747.7), 16.0 feet (elevation 746.8), and 14.5 feet (elevation
770.6), respectively. Prior to adding water to wash out heaving sands, groundwater was
observed in borings B-175-1-10, B-287-1-10, and B-287-2-10 at depths of 40.8 feet
(elevation 745.4), 19.7 feet (elevation 743.1), and 40.2 feet (elevation 744.9),
respectively. The final groundwater levels including the drilling water were generally
observed in these borings at depths of 39.6 feet (elevation 746.6), 53.7 feet (elevation
709.1), and 39.7 feet (elevation 745.4), respectively. No final groundwater levels were
observed in the remaining borings and no groundwater levels were reported on the
historic boring logs.

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.

ANALYSES AND RECOMMENDATIONS
5.1 General Considerations

According to the most recent bridge profile drawing provided, the maximum proposed
wall heights (taken as the difference between the top of the proposed bridge deck
elevations and the proposed bottom of footing elevations) are expected to be
approximately 33.1 feet at the rear abutment and 31.9 feet at the forward abutment. The
bottom of footing elevation at proposed Pier 1 is anticipated to be at elevation 739
(approximately 46.0 feet below the proposed bridge deck), while the bottom of footing
elevation at proposed Pier 2 is anticipated to be at elevation 746 (approximately 40.0 feet
below the proposed bridge deck). It is understood that concrete cantilever-type wall
abutments and piers supported on spread footings are being considered for this structure.
The anticipated bottom of footing levels for the cantilever-type wall abutments and piers
are expected to vary between elevations 739.0 and 754.5. Table 1 is a summary of the
foundation information.



Table 1: Substructure Foundation Assumptions Summary

T Approximate Bearing Elevation Height
ype Location (ft) (ft)
Rear Abutment Sta. 33+80.97 750.5 33.1
Pier 1 Sta. 35+32.39 739.0 -
Pier 2 Sta. 36+23.25 746.0 -
Forward Abutment Sta. 37+54.26 754.5 31.9

Note that spread footing foundations with cast-in-place abutment walls are typically the
most economical foundation based on the materials required. However, structure height,
fill and excavation quantities, excavation support, maintenance of traffic and right-of-way
restrictions, and other construction considerations may make another foundation type
more cost effective or feasible. A cost analysis, which is outside the scope of work for
the geotechnical engineer on this project, would need to be performed to compare the
construction costs of different foundation types.

The subsurface conditions at the site are considered suitable for the use of other
foundation types besides spread footings. Note that in general, pile foundations are not
recommended for the structures in this project due to the damage that could occur to the
pile during driving due to the cobbles and boulders that are typically present in the area.
In addition, the vibrations from pile driving could cause damage to adjacent structures.

5.2  Loading

The proposed abutment walls will be subject to loading from several sources. Loading
sources include horizontal earth pressure, live load (traffic) surcharge, temperature loads,
wind loads, bridge live loads, centrifugal forces, and bridge dead loads. The proposed
piers will be subject to loading from the bridge including live loads, bridge dead loads,
wind loads, braking loads, centrifugal forces, and temperature loads. Three different live
load cases were provided for the analyses of each pier. The anticipated vertical design
loads for the abutments and piers are summarized in Tables 2 and 3, respectively. More
detailed loading information including horizontal loadings can be found in Appendix III.



Table 2: Abutment Vertical Design Loads

Loading Type Rear Abutment Forward Abutment
Maximum unfactored live
load reactions (no dynamic 5.59 kIf 5.43 kIf
load allowance)
Total unfactored dead load 34.79 klf* 31.42 kif*
Unfactored dead load of 756 kIf 224 KIf

wearing surfaces

Maximum factored live load

reactions (no dynamic load 9.78 kIf 9.50 kIf
allowance)
Maximum factored dead load 43.49 kIf 39.28 klf

Maximum factored dead load
of wearing surfaces
Unfactored dead loads, including stem wall weight, were provided by ms consultants, inc.

3.84 kIf 3.36 kIf

Table 3: Pier Vertical Design Loads
Live Load Live Load Live Load

Loading Type Location Case [ Case II Case III
(kips) (kips) (kips)
Maximum unfactored live Pier 1 359 583 457
load reactions (no dynamic -
load allowance) Pier 2 329 198 420
Pier 1 5,829 5,829 5,829
Total unfactored dead load* -
Pier 2 5,272 5,272 5,272
Unfactored dead load of Pier | 632 032 032
wearing surfaces Pier 2 549 549 549
Maximum factored live Pier 1 628 1,020 800
load reactions (no dynamic :
load allowance) Pier 2 576 347 735
Maximum factored dead Pier 1 71,286 7,286 7,286
load* Pier 2 6,590 6,590 6,590
Maximum factored dead Pier 1 948 948 948
load of Wearing surfaces Pier 2 824 824 824

* Includes self weight and column weight but not footing weight.

5.3 Soil Conditions and General Soil Properties Assumed

The subsurface conditions encountered in the borings drilled in the vicinity of the
proposed abutment walls were generally consistent. The retained soils immediately
behind the abutment walls are anticipated to generally consist of medium dense to very
dense granular soils or stiff to hard cohesive soil interbedded with very loose to very



dense granular soils. The foundation soils below the proposed abutment walls and piers
generally consisted of dense to very dense gravel with sand (A-1-b) and coarse and fine
sand (A-3a). The subsurface profile for the soil-structure interaction analyses used the
stratigraphy disclosed by the borings and material properties were estimated from
Standard Penetration Test blow counts and engineering judgment.

5.4 Cantilever Abutment Wall Foundation Analyses Results

The soils at the foundation elevations and the embankment backfill/retained soils were
considered granular. Table 4 summarizes the soil properties assumed for the cantilever
abutment wall analyses.

Table 4: Soil Properties Used in Cantilever Abutment Wall Analyses

Unit c c’ Representative
Location Soil Type Weight ’ .
yp (pc%) (psf) | (psf) ¢ ¢ Boring
Embankment
Rear | FillRetained Soil | 20 | O | O |30 )30 1 s
Abutment [ g dation Soil | 120 0 0 | 34 | 34
Embankment
Forward | Fill/Retained Soil 120 0 0 30 | 30 B-175-1-10 &
Abutment | dationSoil | 120 | 0 | o | 36 | 36 | B287-210

Bearing capacity and stability analyses (sliding, overturning, and global stability) were
performed for the abutment walls, in accordance with ODOT and AASHTO guidelines.
The dimensions for the abutment walls were provided by ms consultants inc. It should be
noted that analyses for the proposed walls were performed assuming that the groundwater
table was at the bottom of the footing. The retained soil behind the wall will be
essentially level and subjected to traffic loads.

Results of the analyses indicated that the provided base widths of 20.25 feet and 20.0 feet
were adequate for the stability of the rear and forward abutments, respectively. These
provided base widths were adequate based on the required factored resistance to bearing,
sliding, and overturning.

Results of the stability analyses including the configurations of the wall sections used in
the analyses are presented in Appendix III. The analytical results are also summarized in
Tables 5 and 6.



Table 5: Rear Cantilever Abutment Wall Analysis Results
(Station 33+80.97)

Sliding along base of cantilever wall
Rg = 61,337 lbs/ft width, where ¢ - =1.0

Factored bearing resistance
(Strength I-b Case)

Undrained, q, = N/A (granular)
Drained, q; = 19,824 psf

Max factored uniform bearing pressure, quni = 7,784 psf (Strength I-b Case)
Factored uniform bearing pressure, quni = 5,813 psf (Service I Case)

Approximate maximum height of abutment wall (including embedment) = 33.1 feet
Approximate height of retained soil = 33.1 feet

Approximate embedment depth = 4.0 feet (minimum)

Width of footing analyzed for external stability = 20.25 feet (for a 33.1-foot high wall
with a toe width of 5.0 feet and a stem width of 4.25 feet with no batter)

Table 6: Forward Cantilever Abutment Wall Analysis Results
(Station 37+54.26)

Sliding along base of cantilever wall
Rgr = 55,671 Ibs/ft width, where ¢ - =1.0

Factored bearing resistance
(Strength I-b Case)

Undrained, q. = N/A (granular)
Drained, q; = 28,280 psf

Max factored uniform bearing pressure, quni = 5,971 psf (Strength I-b Case)
Factored uniform bearing pressure, qun = 4,382 psf (Service I Case)

Approximate maximum height of abutment wall (including embedment) = 31.9 feet

Approximate height of retained soil = 31.9 feet

Approximate embedment depth = 4.0 feet (minimum)

Width of footing analyzed for external stability = 20.0 feet (for a 31.9-foot high wall
with a toe width of 7.25 feet and a stem width of 4.25 feet with no batter)

5.5  Pier Foundation Analyses Results

Three different live load (LL) cases were provided for the analyses of each pier. For each
of the live load cases, one wind load on vehicle (WL) case was analyzed for Pier 1 and
two WL cases were analyzed for Pier 2. However, at the request of ms consultants, inc.,
two horizontal earth load (EH) cases were also considered for each of the live load cases
provided for Pier 1. Table 7 below summarizes the load cases analyzed for Piers 1 and 2.
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Table 7: Load Cases Analyzed for Piers 1 and 2

Wind Load | Horizontal Live Load | Live Load Live No Live
Location | on Vehicle | Earth Load (LL) Case I Case 11 Load Load
(WL) Case | (EH) Case Case III (LL)®
T 7
Pier 1 Case I }ggldt:z j j j e
Pier 2 Case I Case I v v v n/a*
Case II Case v v v n/a*

1EHresisﬁng: Horizontal load acts as a resisting force, all other horizontal loads as driving forces, and
moments equal to all vertical loads times initial eccentricity (3.5 feet) as driving forces.

ZEHdriving: Horizontal load acts as a driving force, all other horizontal loads as driving forces, and
moments equal to all vertical loads times initial eccentricity (3.5 feet) as resisting forces.

3EHdrivmg: Horizontal load acts as a driving force, all other horizontal loads as driving forces, and
moments equal to all vertical loads (excluding LL) times initial eccentricity (3.5 feet) as
resisting forces.

“n/a: not analyzed.

The soils at the foundation elevation were primarily granular. Table 8 below summarizes
the soils properties assumed for the analyses.

Table 8: Soil Properties Used in the Pier Analyses

Unit Representative
Soil Type Weight | c(psf) | ¢’ (psf) 1) @’ pB :
oring
| (peD)
Foundation Soil |, 0 0 36 | 36 B-287-1-10
Pier 1
Foundation Soil B-287-1-10 &
Pier 2 120 0 0 36 36 B-012-M-59

Bearing capacity and sliding analyses were performed for the proposed piers using the
four provided load cases, in accordance with ODOT and AASHTO guidelines. The
dimensions for the proposed piers were provided by ms consultants inc. Results of the
analyses indicated that the provided base widths of 14.0 feet and 15.0 feet were adequate
for the stability of the Pier 1 and Pier 2 in all load cases. These provided base widths
were adequate based on the required factored resistance to bearing and sliding.

Results of the analyses including the configurations of the wall sections used in the
analyses are presented in Appendix III. The analytical results are also summarized in
Tables 9 and 10.

11



Table 9: Factored Bearing Resistances

LZ\;I(?SH Horizontal Live Live Live No
Location | Vehicle Earth Load Load Load Live
(WL) Load (LL) (LL) (LL) Load
Case (EH) Case | Casel | Casell | CaseIll | (LL)’
Factored EHesisting | 14.3 14.3 14.3 n/a
: Pier 1 Case [
B
Re:iasig:l% . EHuiving | 15.1 15.0 15.1 15.2
(qr), ksf Casel | Casel 107 | 107 | 107 n/a
(Strength Pier 2
I-b) Casell | Casel 10.7 10.7 10.7 n/a
Factored EHpeisting | 132 13.7 13.5 n/a
Uniform Pier 1 Case |
Bearing EHuivings | 117 12.2 11.9 10.9
Pressure,
ksf Case | Case | 8.3 8.0 8.4 n/a
(Strength Pier 2
I-b) Case 11 Case | 8.3 8.0 8.4 n/a
Factored EHesisting | 10.7 11.0 10.9 n/a
. Pier 1 Case [
[émf‘?m‘ EHgiving | 8.5 8.8 8.7 8.1
earing
PreliS‘f“e’ Casel | Casel 6.9 6.7 6.9 n/a
S Pier 2
(Service I) CaseIl | Casel 6.9 6.7 7.0 n/a

1EHresisﬁng: Horizontal load acts as a resisting force, all other horizontal loads as driving forces, and
moments equal to all vertical loads times initial eccentricity (3.5 feet) as driving forces.

2EHdriving: Horizontal load acts as a driving force, all other horizontal loads as driving forces, and
moments equal to all vertical loads times initial eccentricity (3.5 feet) as resisting forces.

3EHdriving: Horizontal load acts as a driving force, all other horizontal loads as driving forces, and
moments equal to all vertical loads (excluding LL) times initial eccentricity (3.5 feet) as
resisting forces. Only the results of the worst case (LL3) are presented.

*n/a: not analyzed.

Nominal sliding resistance values and horizontal forces due to the bridge loading for the
strength limit state are summarized in Table 10.
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Table 10: Factored Sliding Resistances

LZ\;I(?SH Horizontal Live Live Live No
Location | Vehicle Earth Load Load Load Live
! (WIL) Load (LL) | (L) | (LL) | Load
(EH) Case | Casel | Casell | CaseIll | (LL)’
Case
EHowoi ] tand= | tand= | tand= | tand =
Pier 1 Case I resisting 0.73 0.73 0.73 0.73
EHooe 2 tand= | tand= | tand= | tand =
Resistance driving 0.73 0.73 0.73 0.73
Case | Case [ tan 6 = tan 6 = tan 6 = tan 6 =
Pier 2 0.73 0.73 0.73 0.73
Case II Case [ tan 6 = tan 6 = tan 6 = tan 6 =
0.73 0.73 0.73 0.73
EHresisting1 0.80 0.80 0.80 0.80
Pier 1 Case 1
EHdriving2 0.80 0.80 0.80 0.80
b,
Case 1 Case | 0.80 0.80 0.80 0.80
Pier 2
Case 11 Case | 0.80 0.80 0.80 0.80
EHresisting1 4,115 4,342 4,214 n/a
Pier 1 Case 1
EHdriving2 4,115 4,342 4,214 3,749
Rg, (kips)
Case | Case | 3,735 3,602 3,828 n/a
Pier 2
Case II Case | 3,735 3,602 3,828 n/a
EHegisting | 741 741 741 n/a
Pier 1 Case 1
Horizontal EHdriving2 1,368 1,368 1,368 1,368
Force,
(kips) Case I Case I 785 785 785 n/a
Pier 2
Case II Case I 785 785 785 n/a

1EHresisﬁng: Horizontal load acts as a resisting force, all other horizontal loads as driving forces, and
moments equal to all vertical loads times initial eccentricity (3.5 feet) as driving forces.

2EHdriving: Horizontal load acts as a driving force, all other horizontal loads as driving forces, and
moments equal to all vertical loads times initial eccentricity (3.5 feet) as resisting forces.

3EHdriVmg: Horizontal load acts as a driving force, all other horizontal loads as driving forces, and
moments equal to all vertical loads (excluding LL) times initial eccentricity (3.5 feet) as
resisting forces. The results reported are for all live load cases.

*n/a: not analyzed.
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5.6  Global Stability Considerations

Global stability analyses were performed for the cantilever-type wall at the forward and
rear abutments. The global stability analyses were performed for the drained and seismic
conditions. An analysis of undrained condition was not necessary because of the granular
nature of the soil. The drained analyses resulted in critical factors of safety of 1.7 and 1.5
for the rear and forward abutments, respectively. These factors of safety meet or exceed
the minimum factor of safety of 1.5 based on a resistance factor of 0.65. A seismic
analysis was also performed using a horizontal acceleration of 0.06. This analysis
resulted in critical factors of safety of 1.6 and 1.4 for the rear and forward abutments,
respectively, which is greater than the minimum acceptable factor of safety of 1.1 for the
seismic condition. The analytical results are summarized in Table 11.

Table 11: Global Stability Analyses

Global Stability as per AASHTO 11.6.2.3
Evaluating the global stability using the Spencer method

Rear Abutment:

Undrained Condition, F.S. = N/A (granular soils)
Drained Condition, F.S.=1.7

Seismic Condition, F.S. = 1.6 > required F.S. of 1.1
Forward Abutment:

Undrained Condition, F.S. = N/A (granular soils)
Drained Condition, F.S.=1.5

Seismic Condition, F.S. = 1.4 >required F.S. of 1.1

F.S.> 1/®r = 1/.65 = 1.5 for drained and undrained conditions

5.7 Settlement Considerations

In order to achieve the proposed final grade immediately in front of the abutment walls, it
is anticipated that up to approximately 10.0 feet of excavation will be required. To
achieve the final grade immediately behind the rear abutment wall, approximately 16.6
feet of new fill will need to be placed at the abutment. However, the proposed grade
behind the forward abutment wall is anticipated to be approximately equal to the existing
grade. To achieve the proposed grade at the proposed pier locations, excavations
between approximately 2.0 and 11.0 feet are anticipated.

Settlement analyses were performed at the abutments and the piers, evaluating the effects
of the bridge loading and the earthwork. The Live Load Case II with the horizontal earth
load as a resisting force and the Live Load Case III with the Wind Load (on vehicle) Case
IT were determined to be the most critical in terms of settlement for proposed Pier 1 and
Pier 2, respectively. Results of settlements due to the structure loading were 0.5 inches at
the rear abutment, 0.6 inches at Pier 1, 0.6 inches at Pier 2, and 0.6 inches at the forward
abutment. Results of the analyses are summarized in Table 12.
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Table 12: Estimated Settlement

Estimated Settlement of the Rear Abutment
Settlement due to structure loading = 0.5 in.
Settlement due to new fill (16.6 feet) = 0.4 in.
Total Settlement = 0.9 in.

Estimated Settlement of Pier 1 — Live Load Case 1l with EH as a resisting force
Settlement due to structure loading = 0.6 in.
Total Settlement = 0.6 in.

Estimated Settlement of Pier 2 — Live Load Case 11l with Wind Load on Vehicle Case 11
Settlement due to structure loading = 0.6 in.
Total Settlement = 0.6 in.

Estimated Settlement of the Forward Abutment
Settlement due to structure loading = 0.6 in.
Total Settlement = 0.6 in.

5.8 Groundwater Considerations

Groundwater seepage was encountered in at approximate elevations 746.8 and 770.6 in
borings B-287-1-10 and B-287-2-10, respectively. These elevations are between
approximately 0.8 and 31.6 feet above the proposed bottom of footing elevations.
Consequently, a significant amount of groundwater seepage is anticipated in the
excavations and dewatering will likely be required. The contractor should also be
prepared to deal with any unexpected seepage and with surface water that may
accumulate in the excavations. It may be desirable to contact a dewatering specialist for
the design of the dewatering system prior to construction.

Due to the free-flowing nature of the granular foundation soils, excess water may
continue to accumulate along the roadways underneath the proposed bridge after the
completion of construction. Oversized underdrains, oversized drain pipes, and a
permanent pumping system may be required. It is recommended that a dewatering
specialist be consulted for long-term seepage control.
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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 this report.

Respectfully submitted,

DLZ OHIO, INC.

G A‘% L ze
ety Aibor s

Eric W. Tse, P.E. Timothy A. Hampshire, P.E.
Senior Geotechnical Engineer Geotechnical Engineering Division Manager
cc: file

M:\proj\1021\1005\01\Bridges\FRA-71-1716 Main\REVISED REPORT (11-14-13)\1716C Main St Bridge Final Report (11-14-13).doc
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GENERAL INFORMATION
DRILLING PROCEDURES AND LOGS OF BORINGS

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

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

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

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

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

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

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

S:\Geot\Forms\General Info English.doc




LEGEND - BORING LOG TERMINOLOGY

Explanation of each column, progressing from left to right
Depth (in feet) - refers to distance below the ground surface.
Elevation (in feet) - is referenced to mean sea level, unless otherwise noted.
Standard Penetration (N) - the number of blows required to drive a 2-inch O.D., 1-3/8 inch 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 6-inch increment.
WOR - indicates the split-barrel sampler advanced the 6-inch increment from the weight of the rods alone.
WOH - indicates the split-barrel sampler advanced the 6-inch increment from the combined weight of the hammer and rods alone.
The length of the sampler drive is indicated graphically by horizontal lines across the “Standard Penetration” and “Recovery” columns.
Sample recovery from each drive is indicated numerically in the column headed “Recovery”.
The drive sample location is designated by the heavy vertical bar in the “Sample No., Drive” column.
The length of hydraulically pressed “Undisturbed” samples is indicated graphically by horizontal lines across the “Press” column.
Sample numbers are designated consecutively, increasing in depth.
Soil Description
a. The following terms are used to describe the relative compactness and consistency of soils:

Granular Soils - Compactness

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

Cohesive Soils — Consistency

Unconfined Blows/Foot
Compression Standard
Term tons/sq. ft Penetration Hand Manipulation
Very Soft less than 0.25 below 2 Easily penetrated by fist
Soft 0.25-0.50 2-4 Easily penetrated by thumb
Medium Stiff 0.50-1.0 4-8 Penetrated by thumb with moderate pressure
Stiff 1.0-20 8-15 Readily indented by thumb but not penetrated
Very Stiff 20-4.0 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”.

c. Texture is based on the Unified Classification System. Soil particle size definitions are as follows:
Description Size Description Size
Boulders Larger than 8” Sand-Coarse 4.75 mm to 2.00 mm

Cobbles 8" to 3” -Medium 2.00 mm to 0.42 mm
Gravel-Coarse 3" to 3/4" -Fine 0.42 mm to 0.074 mm
-Fine 3/4" t0 4.76 mm Silt 0.074 mm to 0.005 mm
Clay Smaller than 0.005 mm
d. The primary soil component is listed first and may include a modifier before and/or after it as indicated by the USCS

classification system. The minor components are listed in order of decreasing percentage of particle size.

Coarse Grained Soils

5% - 12% silt/clay - “with silt/clay” post-modifier

> 15% sand/gravel — “with sand/gravel” post-modifier

> 12% silt/clay — “silty/clayey” pre-modifier

Fine Grained Soils
5% - 12% sand/gravel- “with sand/gravel” post-modifier
> 30% sand/gravel — “sandy/gravelly” pre-modifier




10.

11.

12.

13.

14.

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

trace - 0t0o10%
little - 10 to 20%
f. 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
g. 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
Rock hardness and rock quality description.
a. The following terms are used to describe the relative hardness of the bedrock.
Term Description
Very Soft Difficult to indent with thumb nails; resembles hard soil but has rock structure
Soft Resists indentation with thumb nail but can be abraded and pierced to a shallow depth by a pencil
point.
Medium Hard Resists pencil point, but can be scratched with a knife blade.
Hard Can be deformed or broken by light to moderate hammer blows.
Very Hard Can be broken only by heavy blows, and in some rocks, by 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 the core run.

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

Gradation - when tests are performed, the percentage of each particle size is listed in the appropriate column (defined in Item 9c).

When a test is performed to determine
moisture content is indicated graphically.

the natural moisture content, liquid limit moisture content, or plastic limit moisture content, the

The corrected standard penetration (N60) value in blows per foot is indicated graphically.

Soil Symbology

GW Well-graded Gravel ':_: |{| SP-SM Poorly-graded Sand with Silt

GW-GM Well-graded Gravel with Silt

Dﬂ Jﬁ'\ GP Poorly-graded Gravel -] SM Silty Sand

SC-SM Clayey, Silty Sand

N

Dl:‘ || cP-aM Poorly-graded Gravel with Silt SC Clayey Sand

o [~ . :

A GM Silty Gravel ML Silt

P‘O?-hq o .

:Q:?: SW Well-graded Sand CL-ML Low Plasticity Silty Clay
SP Poorly-graded Sand cL Low Plasticity Clay

an: SW-SM Well-graded Sand with Silt

S:\Dept\Geotech\Manual and Legends\Legends\Legeng 2011.doc
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| * Jl] EXP. PROPOSED STRUCTURE 0
=
EXP. © & rawp P6 TYPE: CONTINUOUS COMPOSITE CURVED STEEL GIRDERS =
770 q B RAMP N4 B RAMP P5 (4709 GRADE 50) WITH REINFORCED CONCRETE
B RAMP Q2 4‘5 RAMP QI ? RAMP Q3 Ayocpsprg " \ \ DECK, ABUTMENTS AND PIERS ON SPREAD FOOTINGS.
\ N (IO BE REMOVED) ‘ ‘
e o EL. 750.50 | ‘ \ EL. 75" 50 = SPANS: 15010, 91~1%4", 13"-2Y” C/C BRGS. ALONG Q
75 / £ 74600 REFERENCE CHORD
’ EX, SROUND Lx. 547 DIA. S i E i purye ROADWAY: 79°-0” TOE/TOE CURB WITH 10’-6” NORTH SIDEWALK I 5
. g 7 (TO BE REMOVED) : 790" 6"
PROP. 15 EX. BRIDGE MICROTUNNEL Q PROP. 54 STORM 8 107-6” SOUTH SIDEWALK TR
STORM TO BE REMOVED FEL. = 736.32:+%# JjJ 3- 8/ # STORM R s
. (TYP.) (DO NOT DISTURB) LOADING: HL-93 AND FUTURE WEARING SURFACE 0.06 KSF ~ 3
2.5 o . o . o - o - o - o - - - o - o| | skew: 12°20317 LF (R.A.), 7°53°537 LF (PIER 1, 3°54°51" LF <
Sw2le R Q 8 2 S S R " 8 3 Q 3 S Q S 3 ~ (PIER 2), 1°43'36" RF (F.A.) TO REFERENCE CHORD x o
~NXSM a) ™M \a) M M N NE NE N N N N v W v wn o) [T a
S53[e @ ° ® 2 2 2 Q 2 Q N Q 2 2 N ® S ©| | WEARING SURFACE: 1” MONOLITHIC CONCRETE
APPROACH SLABS: 25'-0” LONG (AS-I-81) @ R.A.
34+00 35+00 36+00 Irr00 30"-0” LONG (AS-1-8] MODIFIED) @ F.A.
# AT NORTH END OF FOOTING /Cl/L?IOGA\///A\;fE/(\)/T(-;I 6"’/{?’/(;0; RIGHT CURVE ] / 4
BRIDGE PROFILE ALONG € MAIN ST. COORDINATES: LATITUDE N 39°57°29” (585
LONGITUDE W 82°58'58" \4017/

ms consultants, inc.



DLZ Ohio, Inc. * 6121 Huntley Road, Columbus, Ohio 43229 * (614) 888-0040

Job No.0221-1004.01

40

PL —— 1 LL
/ Non-Plastic - NP
20 30

Blows per foot - O

STANDARD PENETRATION (N60)
10

Natural Moisture Content, % - @

Project: FRA-70-8.93

Date Drilled: 3/15/2009

GRADATION

Client: ms consultants

Location: Sta. 911+34.94, 8.83 ft Lt of Ramp Q2 BL

Ae10 %

HIS %

—11--
--8--

pues 4 %

pues ‘N %

pues ‘0 %

a1eba.lbby ¥,

62|20|---(10

607 a1ydeis

O

......v@ oQ@ oQ

b

537 37(34 |- | 15| —14--

8
D

-

SNy
o~ U

WATER OBSERVATIONS:

None

Water level at completion: None

FIELD NOTES:

Water seepage at:

DESCRIPTION

Bottom of Boring - 15.0'

trace gravel; damp.

Medium dense brown COARSE AND FINE SAND (A-3a),

little silt, trace gravel; damp.
Very dense brown GRAVEL WITH SAND (A-1-b), little silt;

Dense to very dense brown GRAVEL (A-1-a), some fine to
damp.

coarse sand, trace to little silt; damp.
Dense brown COARSE AND FINE SAND (A-3a), little

Very dense brown GRAVEL (A-1-a), little silt; damp.
gravel, trace silt; damp.

Hard brown SANDY SILT (A-4a), some to "and" fine to

Concrete - 9"
coarse sand

Asphalt - 7"
Base - 2"

LOG OF: Boring B-172-0-09

Hand
Penetro-

meter
(tsf)

4.5+

Sample

No.

210D / ssaid

aALg

(u1) A1ienoosy

18
18
18
18
18
18

.9 J4ad smojg

13
10
16
18
22
25
27
31

26
17

26

23

11

(ft)
765.3

763.8
761.8
5| 760.3
755.8
754.3
751.8
15| 750.3

()

Depth | Elev.

10

2
25

1.5
3.5
5.0
9.5
11.0
13.5
15.0




DLZ Ohio, Inc. * 6121 Huntley Road, Columbus, Ohio 43229 * (614) 888-0040

Job No.0221-1004.01

40

PL —— 1 LL
O / Non-Plastic - Np
20 30

STANDARD PENETRATION (N60)
Blows per foot -
10

Natural Moisture Content, % - @

Project: FRA-70-8.93

Date Drilled: 1/22/2009

GRADATION

Client: ms consultants

Location: Sta. 33+41.79, 56.47 ft Lt of Main St. BL

Ae10 %

HIS %

pues 4 %

pues ‘N %

pues ‘0 %

a1eba.lbby ¥,

10(12|---]20| 32|26
6 (18|-—-]21| 32/23

53|21 | 14| 12

607 a1ydeis

J
o(\°
=]

Q

WATER OBSERVATIONS:

None

DESCRIPTION

Water seepage at:
Concrete - 9"

Water level at completion: None

FIELD NOTES:

Medium dense to dense brown GRAVEL (A-1-a), some to
Bottom of Boring - 7.0'

Hard brown SANDY SILT (A-4a), some to "and" fine to
"and" fine to coarse sand, little silt; damp.

coarse sand, trace gravel; damp.

Asphalt - 3"

LOG OF: Boring B-173-0-08

Hand
Penetro-
meter
(tsf)

4.5+
4.5+

Sample

210D / ssaid

No.

aALg

(u1) A1ienoosy

18
18
4
5

.9 J4ad smojg

11
9

17
14

10

11
8
10
17

23

(ft)
782.3

781.3
5| 777.3
775.3

()

Depth | Elev.

1
1
2
25

1.0
5.0
7.0




DLZ Ohio, Inc. * 6121 Huntley Road, Columbus, Ohio 43229 * (614) 888-0040

Job No.0221-1004.01

40

PL —— 1 LL
O / Non-Plastic - Np
20 30

STANDARD PENETRATION (N60)
Natural Moisture Content, % - @

Blows per foot -
10

Project: FRA-70-8.93

Date Drilled: 3/15/2009

GRADATION

Client: ms consultants

Location: Sta. 1013+30.44, 28.85 ft Lt of Ramp Q1 BL

Ae10 %

HIS %

-7
--8--

pues 4 %

pues ‘N %

pues ‘0 %

a1eba.lbby ¥,

62|22\ 9
47|29|--—-|16

607 a1ydeis

T
Qi S0 S0 s S0 Y

/o DCO DCO
) 0D O

R

S}

ﬂ&. .
V5
toly

o(\°]56|21|-—-|15| -8
b

(37 38( 41| — | 14| ~7-
DN

SN

[=3

a-

st L]

11.0'

Water seepage at:
Water level at completion:

WATER OBSERVATIONS:
FIELD NOTES:

11.3

DESCRIPTION

Base - 4"

Dense to very dense brown GRAVEL WITH SAND (A-1-b),
Bottom of Boring - 15.0'

Very dense brown GRAVEL (A-1-a), trace silt; damp.
trace silt; damp.

Dense brown GRAVEL WITH SAND (A-1-b), trace silt;

Dense brown GRAVEL (A-1-a), trace silt; damp.
damp.

@ 11.0', becomes wet.

Asphalt - 8"

LOG OF: Boring B-174-0-08

Hand
Penetro-

meter
(tsf)

Sample
No

210D / ssaid

aALg

(u1) A1ienoosy

15

.9 J4ad smojg

19
22

16

(ft)
757.6

756.6
15| 742.6

()

Depth | Elev.

25

1.0
8.0
15.0




PROJECT:

I-70/1-71 EAST INTERCHANGE

TYPE:

ROADWAY

PID:
START:

77370
2/3/11

BRID:

END: 2/4/11

DRILLING FIRM / OPERATOR:
SAMPLING FIRM / LOGGER:

DRILLING METHOD:

DLZ / K. CONRAD

DLZ /M. EVENER

3.25" HSA

SAMPLING METHOD:

SPT

DRILL RIG: CME 75 TRUCK

HAMMER: CME AUTOMATIC

CALIBRATION DATE: 1/7/10
ENERGY RATIO (%): 79

STATION / OFFSET:
ALIGNMENT:
ELEVATION: 786.2 (MSL) EOB:

COORD:

EXPLORATION ID
B-175-1-10

80.0 ft.

713630.480 N, 1833367.660 E

PAGE
10F 4

MATERIAL DESCRIPTION

AND NOTES

ELEV.
786.2

DEPTHS

SPT/ REC | SAMPLE | HP

RAD | Mo | o) | D | s

GRADATION (%)

ATTERBERG opoT

GR

CS

FS

CLASS (Gl

SI CL| LL | PL Pl wcC

BACK
FILL

Asphalt - 8"

Concrete - 7"

784.9

FILL: Very stiff to hard gray SILT AND CLAY (A-6a), little fine to
coarse sand, little gravel; contains small tile fragments; damp.

780.2

Hard gray SANDY SILT (A-4a), some fine to coarse sand, trace

gravel; damp.

777.7

Dense to very dense brown GRAVEL WITH SAND (A-1-b), some Q-

fine to coarse sand, some silt; contains rust stains and silty clay

pieces; damp.

772.7

Hard brown SANDY SILT (A-4a), some fine to coarse sand, trace

to little gravel; damp.

NOTE: Hole caved to 21.8 feet when augers removed.

765.2

STANDARD ODOT SOIL BORING LOG (8.5 X 11) - |-70/I-71 East Interchange - 10/27/11 10:42

Very dense gray GRAVEL WITH SAND (A-1-b), little silt; damp. o .

761.2

56 SS-1 | 2.00

19 | A-6a (V)

6 17 | 100 | SS-2 |[4.5+

14 | A6a (V)

8 25 | 100 | SS-3 |[4.5+

42 29| 26 15 | Ada (7)

45 | 67 SS-4 -

A-1-b (V)

51 | 100 | SS-5 -

A-1-b (V)

28
50/5"

SS-6 -

A-da (V)

42 | 100 | SS-7 |45+

21

35| 24|24 A-4a (5)

51 | 100 | SS-8 |[4.5+

A-da (V)

84 | 100 | SS-9 -

A-1-b (V)

88 | 100 | SS-10 -

30

34

24

-12- [NP|NP|NP| 4 | A-1-b(0)




STANDARD ODOT SOIL BORING LOG (8.5 X 11) - |-70/I-71 East Interchange - 10/27/11 10:42

PID: 77370 |BRID: | PROJECT: I-70/I-71 EAST INTERCHANGE [ STATION / OFFSET: | START: _ 2/3/11 | END: _ 2/4/11 PG20OF4 | B-175-1-10
MATERIAL DESCRIPTION ELEV. DEPTHS SPT/ N REC | SAMPLE | HP GRADATION (%) ATTERBERG oboT BACK
AND NOTES 761.2 RQD | "% | (%) ID (tsf)] cR | cs | Fs | st | cL | e | PL| P | wec | CLASS(G) | FILL
Very dense brown GRAVEL WITH SAND (A-1-b), "and" fine to Q- B i 5P S
coarse sand, little silt; damp. 0 L o6 P A
7.4 -y | - oo ssar [ -] s [ A SR
5 [ 5 ]
@ 26.0', possible cobble or boulder. O R | e s
0 y L 28 — Q‘@z@b‘{(
P ]
.0 L o9 H25 s L]
0 L 40 | 104 | 100 | SS-12 - S N N B N 3 | A1-b (V) iﬁl@L
- < 30 39 N> >
Q.- I < Vﬂgﬁ’
. | 7
0& o ;%@
¢ < L 22 W
o | 30 [ 76 [100| SS13 | - | - - - - -|-1-1-1| 4 [|A1b() [Exh==
. 0 — 32 28 < <
. L 7 Fﬂ%ﬁfq
L 2 24
04 — 33 &
0 34 0 ]
0 36 | 96 | 100 | SS-14 - |37]119|30| -14- [NP|NP|[NP| 5 [A-1-b(0) |7 74
= B 37 151 >
0:0 — 35 »
J : - R > Pz
% ~ 3% e 2t TH
90' | 38 | 101|100 | SS-15 - S N N B N 4 | A1-b (V) \‘<’g
% 37 39 5Tt
0< B T 5
.S — 38 <, =
. 0 & M
@ 38.5', becomes wet. .0 X L 39 18 sy <
. B - - - - - - - - - - _1- -7 -7
..< L 1930 65 | 100 | SS-16 12 | A-1-b (V) e
Q o — 40 > <% f
‘. I >
24 — 4 oL
o . = N NS>
. 78 - - - - - - - - - - -1- Gz
0 4 2930 100 | SS-17 11 | A-1-b (V) | >
Q. < - sl >
o " — 43 G
' ; ith tri 0. i L2
@ 43.5', 1.5 feet sand heave; washed out with tricone. 0 L 44 30 <o <
7.4 B 2733 79 | 100 | SS-18 - | 37| 27|18 -18- |NP|[NP|NP| 10 | A-1-b (0) Z 'm:’fi
e 7 — 45 7L
P - B2
24 — 46 RS
@ 46.0', possible cobble or boulder. Qb' B 3i530/5" _ 100 | ss-19 _ _ _ _ _ _ _ _ _ 8 | A-1-b (V) [y )
P — 47 |
a % L [ > P
o - — 48 fis =
- 0. L %N%?z
o | 28 ELar
f’( N 49 3031 80 | 100 | SS-20 - -l -l - - - -] - 11| A1D(V) 2@%4,;
0. — 50 LT
4 - 5> T
e - 51 o
Q'ﬂ. B m@w‘




STANDARD ODOT SOIL BORING LOG (8.5 X 11) - |-70/I-71 East Interchange - 10/27/11 10:42

PID: 77370 BR ID: | PROJECT: 1-70/I-71 EAST INTERCHANGE | STATION / OFFSET: | START: _ 2/3/11 | END: 2/4/11 PG30OF4 | B-175-1-10
MATERIAL DESCRIPTION ELEV. DEPTHS SPT/ N REC | SAMPLE | HP GRADATION (%) ATTERBERG oDOT BACK
AND NOTES 734.4 RQD | "% | (%) ID (tsf)] cR | cs | Fs | st | cL | e | PL| P | wec | CLASS(G) | FILL
o o T \734.2/] — 52 — 5LY
Very dense gray GRAVEL WITH SAND (A-1-b), trace to little silt; Q- B i i ]
wet. 0 53 b
i — 537 e 71
4 - >N
O. — 54 34 «zzf./ <
% 29 80 | 100 | SS-21 - 27 140| 22| -11- |NP|NP|NP| 13 | A-1-b(0) 7@7 g
0 s - 32 R > q@%ﬁ
0 — 55 = S
o - - B A 4>
0: — 56 —| S S
0 L ] 7\1}”‘1\ NP
v/ 2>
o — 57 — %\%ﬂ
N7 - R ) >
a. 4 — 58 —| S
(.)' B 21 32 &
. | < <
L O W e | saer [ ss22 | - [ - -] -] -] -] -] -] 9 |AatbmEEy
0, 22 A
7. — 60 L]
(}0 L i B o)
4 N — 61 — Y5
Y/ L i I\ 572> >
o — 62 — a
-g. L i 1 > P
0 63 AER
5 ¢ B %naul\z%pﬂ
0. - 19 <oz <
52 64 30 | 78 [100| ss23 | - |40|37|15] - 8 - |NP|NP|NP| 12 | A1-b (0) [
0 4 29 LS
S — 65 7
O,0~ - B 3>
e — 66 — TE T
2 Y R ST
o L 67 —| <<
0.. i 67 ] m
94 68 — L
b. N - N> NS>
N7 — 69 H22 %%Zﬁ’@
0. B 18 53 | 100 | SS-24 - - - - - - - - - 13 | A-1-b (V) |o >
x4 20 22 b
) 0] L2
N . < <
9 < L 79 V7 27 L
0.1 7142 L o L)
Very stiff gray SILT AND CLAY (A-6a), some fine to coarse sand, L | A g
trace gravel; damp. 5] B
i 2 NPN
4 H14 @
L 19 50 | 100 | SS-25 [3.00| 4 | 9 [ 22|37 |28|25| 14| 11| 13 | A-6a(6) [T >" ==
_ 19 B
i 7% | EENNEY
6 e
Lz 2N
709.2 I BIAS
Hard gray SANDY SILT (A-4a), some fine to coarse sand, little B i > %
gravel; damp. Pyl
— 78 —| Q@qm@(




STANDARD ODOT SOIL BORING LOG (8.5 X 11) - |-70/I-71 East Interchange - 10/27/11 10:42

PID: 77370 | BR ID: PROJECT: I-70/I-71 EAST INTERCHANGE | STATION / OFFSET: | START: _ 2/3/11 | END: 2/4/11 PG4 OF 4 | B-175-1-10

MATERIAL DESCRIPTION ELEV. DEPTHS SPT/ N REC | SAMPLE | HP GRADATION (%) ATTERBERG oDOT BACK

AND NOTES 707.6 RQD | "% | (%) ID (tsf)] cR | cs | Fs | st | cL | e | PL| P | wec | CLASS(G) | FILL
Hard gray SANDY SILT (A-4a), some fine to coarse sand, little L 79 M40 5P S
gravel; damp. (continued) B 37 | 91 [100| SS-26 |45+ - | - | - | - | - -| -] - 9 | Ada (V) |azba o
706.2 EOB—L—80 32 <, =2

NOTES: SEEPAGE AT 38.5 FEET; WATER LEVEL PRIOR TO ADDING WATER = 40.8 FEET; FINAL WATER LEVEL INCLUDING DRILLING WATER = 39.6 FEET.

ABANDONMENT METHODS, MATERIALS, QUANTITIES: 11 BAGS BENTONITE CHIPS; SOIL CUTTINGS




STANDARD ODOT SOIL BORING LOG (8.5 X 11) - |-70/I-71 East Interchange - 3/14/13 11:13

PROJECT: I-70/I-71 EAST INTERCHANGE | DRILLING FIRM / OPERATOR: DLZ /K. CONRAD |DRILLRIG:  CME 75 TRUCK STATION / OFFSET: 879+96.81, 16.5 RT[EXPLORATION ID
TYPE: ROADWAY SAMPLING FIRM/ LOGGER: DLZ/M.EVENER |HAMMER: CME AUTOMATIC | ALIGNMENT: RAMP P4 B-287-1-10
PID: 77370 BRID: DRILLING METHOD: 3.25" HSA CALIBRATION DATE: _ 1/7/10 | ELEVATION: 762.8 (MSL) EOB:  70.0 ft. PAGE
START: 6/2/10 END:  6/2/10 SAMPLING METHOD: SPT ENERGY RATIO (%): 79 COORD: 713578.700 N, 1833164.080 E 10F 3
MATERIAL DESCRIPTION ELEV. DEPTHS SPT/[ \ |REC|SAMPLE] HP [ GRADATION (%) [ATTERBERG obor | HOLE
AND NOTES 762.8 RQD | "% | (%) ID (tsf)J eR | cs | Fs | si et | | PL | PI | wc | CLASS(G) |SEALED
Topsoil - 8" 762.1 L |
POSSIBLE FILL: Hard brown SILTY CLAY (A-6b), some fine i 7
to coarse sand, little gravel; contains trace roots and rock -
fragments; moist. (CE) — Z:I 54 12156 | 881 |45+ - | - | - - - -] - - 10 ABb()
759.8 N 3
Dense to very dense brown GRAVEL WITH SAND (A-1-b), s i
trace to little silt; damp. 5& 4 B4
Yoy i 23 58|56 | 882 | - |- |- -|-|-|-1-1-15|Aa1bV
6 5 21
@ 3.5-5.0', (SP-SM). o % i
s &
@ 6.0-10.0', (SP). L) i 11
Ly C ., 16 |40 67| 883 | - | -] -|-|-]-|-1-1-]4 |A1bV)
?o'..b L 14
-.Q.'g
(oS L |
LT —8
hAY g 16
reki i 1822 53 | 72| S84 | - |- - - -] -|-1-]-]4 |A1bV
X0 —10
?o'-b ~ -
. 5O 11
@ 11.0-20.0", (SP-SM). 0 i 14
B 4, M 15 | 40 [100| ss-5 | - [18]51 /20| -11- |[NP NP |NP| 4 |A-1-b(0)
o) 15
53 -
aB — 13—
vy i 13
Yoh( — 14
o, i 20 | 55(100] 8S6 | - | - | -] - -|-|-1-1-|7 |Aat1bV
ol X 22
>:b — 15
oL L i
B W 16
@ 16.0', becomes wet. "6 L 17
o oM 3ales | ss7 | - - - - - -] - - 14| AD (V)
a.Q.'{ B 15
06
18 —|
?o'.b L
e 49 18
o i 171 45 (100 888 | - | - | - - |- -|-|-]-]23|A1b(V)
R — 20 !
é.Q.’g L _
L&l -
@ 21.0-22.5', (SM). 3'% 2 s
g?d.g o, M 19 | 76 56| SS9 | - [21]30 34| -15- |NP NP |NP| 14 | A-1-b (0)
..0.:6._ L 39
RN 23—
@ 23.5'-25.0', 1.5 feet sand heave; washed out with tricone. By | o4 H19
(SP-SM) 56@ i 2622 63 |56 | SS10 | - [ - | - | - -] -|-1|-]-]1|A1bV
Oy




STANDARD ODOT SOIL BORING LOG (8.5 X 11) - |-70/I-71 East Interchange - 3/14/13 11:13

PID: 77370 |BRID: | PROJECTI-70/1-71 EAST INTERCHANGE| STATION / OFFSET: 879+96.81, 16.5 RT | START: 6/2/10 | END:  6/2/10 PG 2 OF 3| B-287-1-10
MATERIAL DESCRIPTION ELEV. DEPTHS SPT/ N REC |[SAMPLE| HP GRADATION (%) ATTERBERG oDOT HOLE
AND NOTES 737.8 RQD | ™ | (%) ID (tsf)f eR | cs | Fs | si | cL | | PL | PI | wc | CLASS(G) |SEALED
074 737.3 i i
Very dense brown GRAVEL WITH SAND AND SILT (A-2-4), e L 26
some to "and" fine to coarse sand, little silt, little clay; wet. B 23
(SM) o7 25 | 61 | 61 | SS-11 - Sl -] -1 A24(Y)
i 21
734.8 o8|
Very dense brown COARSE AND FINE SAND (A-3a), little L
gravel, trace to little silt; wet. (SP-SM) | o9 H15
| 182 57 | 50 | SS-12 - - -l -1 -1 -1-1-1-115]A3a(WV)
5
TR 7323 307
Dense to very dense brown GRAVEL WITH SAND (A-1-b), O |39
trace to little silt; wet. °6 | 25
o) 30 26 | 65 | 78 | SS-13 - 14912315 ] -13- |[NP|NP|NP| 10 | A-1-b (0)
B i 23
oy 33—
@ 31.0'-35.0', SM. "D |
oy e
o@ | 22 | 53 | 83 | SS-14 - -l - - -l -1 -1]-110|A1b(V)
?ob | 35 18
@%-& L]
Lo L
@ 36.0-37.5', 41.0'-45.0', SP-SM. PIEEN L 3 24
:.(j:g |37 18 | 47 | 100 | SS-15 - S T B R I I 9 |A-1-b (V)
SO 18
o X L
> | ag |
@ 38.5-40.0', SW-SM. fro¥ 38
'o:@ 39 118
>D | 2624 66 | 100 | SS-16 - 32323 -9 - |[NP|NP|NP| 13 | A-1-b(0)
O .
Q%g — 40
L& - -
, , PREN — 41
@ 41.0-42.5', gray. oL i 25
=1 46 | 117 | 100 | SS-17 - S e O o T 6 | A-1-b (V)
— 42
B 43
44 B9
| 2622 63 | 56 | SS-18 - 38|38 15| -9 - |[NP|NP|NP| 12 | A-1-b (0)
717.3 457
Very dense gray COARSE AND FINE SAND (A-3a), little 46
gravel, trace silt; ; wet. (SP) B 10
| 15 | 54 | 56 | SS-19 - S T B R I I 8 | A-3a (V)
47 26
714.8 N 48
Very dense gray SANDY SILT (A-4a), "and" fine sand, trace to L
little coarse sand, trace gravel; wet. (SM) 49 819
3133 84 | 44 | SS-20 - -l - -] -1 Aday)
712.3 50
Very dense gray SILT (A-4b), some fine sand, trace clay, trace |: 1] 51
gravel; damp. (CL-ML) L B | - 100 ss21 | - |- - - -] -]-]-]-]1 A4V




PID: 77370 |BR|D: PROJECTI-70/I-71 EASTINTERCHANGEISTATION/OFFSET: 879+96.81, 16.5 RT|START: 6/2/10 |END: 6/2/10 PG 3 OF 3| B-287-1-10
MATERIAL DESCRIPTION ELEV. DEPTHS SPT/ N REC |[SAMPLE| HP GRADATION (%) |ATTERBERG oDOT HOLE
AND NOTES 711.0 RQD | "% | (%) ID (tsf)f eR | cs | Fs | si | cL | | PL | PI | wc | CLASS(G) |SEALED
L 7103 -2
Hard gray SILTY CLAY (A-6b), little fine sand, trace gravel; | 53|
damp. (CL-ML) |
|54 W50 - | 50 [ SS-22 [45+] - | - [ - | - [ -] -] -] -]118 [A6b(V)
707.8 ;55;
Very dense gray SILT (A-4b), little to some fine sand, little i B i
clay, trace gravel; wet. (ML) i | 56
B L 38
- 45 - [ 100 | SS-23 - 1101|2264 |13|NP|NP|NP| 18 | A-4b (8)
B — 97| s05"
] e
IS g Wsos | - [0 [ss24 [ - k- -1-[-[-F-1-1-128Ad4b(V)
Y — 60 —
B — 61
+++ 4 - 38
2% 62 4232 97 | 100 | SS-25 - - - - - -] - 17 | Adb(Y)
17 699.8 ;63
Very stiff gray CLAY (A-7-6), trace to little fine sand, trace L
gravel; damp to moist. (CH) | gq 11
| 1819 49 | 78 | SS-26 [3.00| 0 | O | 1 |22 |77 |45| 21| 24| 23 |A-7-6 (15)
— 65
%
i 15 | 43 |100| SS-27 [3.00 - | - | - | - | - | -] - 1| -1]22 |A76()
67 18
— 68
g9 M16
| 16 | 43 |100| SS-28 [3.00 - | - | - | - | - | - 1| - | - | 27 |A7-6(V)
692.8 17

STANDARD ODOT SOIL BORING LOG (8.5 X 11) - |-70/I-71 East Interchange - 3/14/13 11:13

EOB 70

NOTES: SEEPAGE AT 16.0 AND 55.5 FEET; WATER LEVEL PRIOR TO ADDING WATER = 19.7 FEET; FINAL WATER LEVEL INCLUDING DRILLING WATER = 53.7 FEET.

ABANDONMENT METHODS, MATERIALS, QUANTITIES:

1 BAG BENTONITE CHIPS; 3 BAGS QUIKGROUT




STANDARD ODOT SOIL BORING LOG (8.5 X 11) - |-70/I-71 East Interchange - 3/14/13 11:13

PROJECT: I-70/1-71 EAST INTERCHANGE | DRILLING FIRM / OPERATOR: DLZ /K. CONRAD | DRILL RIG: CME 75 TRUCK STATION / OFFSET: 800+12.28, 8.11 RT[EXPLORATION ID|
TYPE: ROADWAY SAMPLING FIRM/ LOGGER: DLZ/M.EVENER |HAMMER: CME AUTOMATIC | ALIGNMENT: RAMP P6 B-287-2-10
PID: 77370 BRID: DRILLING METHOD: 3.25" HSA CALIBRATION DATE: 1/7/10 ELEVATION: 785.1 (MSL) EOB: 90.0 ft. PAGE
START: 5/26/10 END: 5/27/10 SAMPLING METHOD: SPT ENERGY RATIO (%): 79 COORD: 713462.500 N, 1833386.600 E 10F 4
MATERIAL DESCRIPTION ELEV. DEPTHS SPT/ N REC |SAMPLE| HP GRADATION (%) ATTERBERG oDOT HOLE
AND NOTES 785.1 RQD | "% | (%) ID (tsf)J eR | cs | Fs | si et | | PL | PI | wc | CLASS(G) |SEALED
Asphalt-4" Concrete - 8" Base - 6" L |
783.6 1
POSSIBLE FILL: Stiff to very stiff brown SILTY CLAY (A-6b), L, H3
little fine to coarse sand, trace to little gravel; contains trace B 10 | 29 | 100 | SS-1 25019101426 (3139|1920 19 | A-6b(8)
brick and rock fragments; damp to moist. 5 12
@3.5'- 5.0, hard. 4 D6
i 9 | 22[100| SS2 |45+ - | - | - | -] -|-1]-1]-1]"16]A6b(V)
;7 225 100 SS-3 (175 - | - | - | - | -| - -1 -1]16 | A6b(V)
- 8 —
I E
i 5 | 13 [100| SS4 [150| - | - | - | -] -|-1]-1-1]19|As6b(V)
5
— 10
— 11 5
| 4 "M 1 SS-5 (100 - | - | -] - -1-1|-1-120]A6b()
i 12:| 4
7716 1377
POSSIBLE FILL: Medium stiff to stiff brown SANDY SILT L 1 }
(A-4a), "and' fine to coarse sand, little gravel; moist. 7706 | w 141 2 8 | 100 | SS-6A 1.00115/15/24 13016123 16| 7 | 18 | A4a(2)
Loose brown SANDY SILT (A-4a), some to "and" fine to L 15 4 - |ss6B | - | - - -] -] -0-1-]-]117 |Ada(V)
coarse sand, trace to little gravel; wet. L i
769.1 L 16
Hard gray SILTY CLAY (A-6b), little fine to coarse sand, little L 6
silt, trace gravel; damp. L 47 11 33 | 100 | SS-7 |4.5+] - - - - - - - - 8 | A-6b (V)
14
19 M10
B 10 37 | 100 | SS-8 |4.5+]| - - - - - - - - 9 | A-6b (V)
50 18
W |
764.1 L o4
Very loose brown SANDY SILT (A-4a), some to "and" fine to L 1
coarse sand, little clay, little gravel; wet. - 1 3 44 SS-9 - - - - - - - - - | 24 | Ada (V)
1
761.6 237
Very dense brown GRAVEL WITH SAND (A-1-b), little to oo o4 H6
some silt; damp. (X0 i 10 | 28 | 67 | SS10 | - [28 35|16 | -21- [NP|NP|NP| 9 | A-1-b(0)
@23.5-25.0', medium dense. o 11 |




PID: 77370 | BRID: | PROJECTI-70/1-71 EAST INTERCHANGd STATION / OFFSET: 800+12.28, 8.11 RT | START: 5/26/10 | END:  5/27/10 PG 2 OF 4 | B-287-2-10

STANDARD ODOT SOIL BORING LOG (8.5 X 11) - |-70/I-71 East Interchange - 3/14/13 11:13

MATERIAL DESCRIPTION ELEV. DEPTHS SPT/ N REC |SAMPLE| HP GRADATION (%) ATTERBERG oDOT HOLE
AND NOTES 760.1 RQD | "% | (%) ID (tsf)f eR | cs | Fs | si | cL | | PL | PI | wc | CLASS(G) |SEALED
Very dense brown GRAVEL WITH SAND (A-1-b), little to o B i
some silt; damp. (continued) °6 L 26
=D i 21
2O oM 25 | 54100 SS11 | - | - - - - - - - -] 8 ATb(V
56 B 16
.OD — 28 —|
O.Og i 8
a,@ — 29 20
A i 22 |50 |100| SS12 | - | - | - | - -|-1-1-1]-1]6 |A1b(V
y — 30 16
e % L |
L — 31—
é'.Q-'g L -
06 32 |
?o'.b L |
@%-;( — 33—
Lo =
Ay — 3442
ek B 3126 75 | 100 | SS-13 - 143124119 | -14- |[NP|NP|NP| 6 | A-1-b(0)
,'o_:g — 35
?O:-D L _
A',Q"{ — 36 —
L2 B 7
}'% — 37 —
0l L |
sy 3
N
o W |
@38.5', becomes wet. ?o'-b 39119
es| i 20 | 53 (100| SS14 | - | - | - - | -] -|-1-1]-1]1|A1b
:O:Q) 20
}' + — 40
0D L _
6 41—
06 L 4
Y 42
?’.O-'E L -
f’Q — 43—
@43.5', 1.5 feet sand heave; washed out with tricone. 'OQ% L 44 1426
?o:@ B 2731 76 | 100 | SS-15 - - - - - - - - - 13 | A-1-b (V)
PR — 45
e B 7
o@ — 46 —
} "b [ -
O .
&,Q"( — 47 —
Lo B i
}Cé — 48 —
oL L
oy ~ o 2
OB B 25 70 | 61 SS-16 - 14113315 ] -11- |[NP|NP|NP| 12 | A-1-b (0)
%}.’_b 50 28
é.Q.‘( L
5@ — 51
,o/".b L 27




STANDARD ODOT SOIL BORING LOG (8.5 X 11) - |-70/I-71 East Interchange - 3/14/13 11:13

PID: 77370 |BRID: |PROJECT:I-70/I-71 EASTINTERCHANGE| STATION / OFFSET: 800+12.28, 8.11RT|START: 5/26/10 |END: 5/27/10 | PG3 OF 4 | B-287-2-10
MATERIAL DESCRIPTION ELEV. DEPTHS SPT/ N REC |SAMPLE| HP GRADATION (%) ATTERBERG oDOT HOLE
AND NOTES 733.3 RQD | "% | (%) ID (tsf)f eR | cs | Fs | si | cL | | PL | PI | wc | CLASS(G) |SEALED
- 733 1 52 75 16356 | SS17 | -1 -1 -1 -1-1-1-1-1-1T13ATbWV)
Very dense brown GRAVEL WITH SAND (A-1-b), little to e : i 23
some silt; wet. o |
?o'..b 53
(}.Q:{ 754 20
LY i 23 |63 83| SS18 | - |- -] -|-|-|-1-1]-1|9 |A1bw
?o".b 55 25
Q%i i
'G.' -
@56.0' - 67.0, gray. PN %07
Yo 26 63 | 72 | SS-19 - 128141120 | -11- |[NP|NP|NP| 13 | A-1-b(0)
(}' S — 57 22
LERS L
?O"-T'D — 58
SRt i 20
L8|
}'% 927 |65 | 28| ss20 | - |- - -] -] -]16]A1bV
s 22
2 60
o ¥ -
PN — 61
O N
OB — 62
%-’.p B
é..Q.( 563
Loy
}B — 64 {36
Yo i 36 |8 | 72| 8821 | - |- | -] -] -|-1-1-1]-]11]A1bV
B 29
o8 - %7
.O'.'D — 66 —|
2O el
Lo 718.1 67
Hard gray SANDY SILT (A-4a), "and" fine to coarse sand, little L i
gravel; damp. | ng |
68
| g9 l22
B 413 103 | 67 | SS-22 |45+| 12|14 30|30 | 14|17 13| 4 | 10 | A4a(2)
7
— 70
713.1 ;72;
Very dense gray SANDY SILT (A-4a), some to "and" fine to L i
coarse sand, trace gravel; wet. 73
74 Ja3 N I I ]
710.7 74029 | 71| 83 | ss23A 15 | A4a(V)
Very stiff to hard gray SILT AND CLAY (A-6a), trace to little 2 - | 8S-23B |3.75] - - - - - - - - | 19 | A-6a (V)
fine to coarse sand, trace gravel; damp to moist. B 75 |




PID: 77370 |BRID: |PROJECT:I-70/I-71 EASTINTERCHANGE| STATION / OFFSET: 800+12.28, 8.11RT|START: 5/26/10 |END: 5/27/10 PG4OF4| B-287-2-10
MATERIAL DESCRIPTION ELEV. DEPTHS SPT/ N REC |SAMPLE| HP GRADATION (%) ATTERBERG oDOT HOLE
AND NOTES 706.5 RQD | "% | (%) ID (tsf)f eR | cs | Fs | si | cL | | PL | PI | wc | CLASS(G) |SEALED
Very stiff to hard gray SILT AND CLAY (A-6a), trace to little 79 -H17
fine to coarse sand, trace gravel; damp to moist. (continued) | 2830 76 | 100 | SS-24 (45+| 0 | 1 | 1 [47|51|35|21| 14| 19 |A-6a(10)
— 80
g4 N2
i 1319 42 1100| SS-25 [45+| - | - | - | - | -|-|-|-]19]|A6a(V)
— 85
g9 N18
i 1513 37 |100| 8826 [45+] - | - | - | - | -] -] -] -] 24 |A6a()
6951 | Eos——90

STANDARD ODOT SOIL BORING LOG (8.5 X 11) - |-70/I-71 East Interchange - 3/14/13 11:13

NOTES: SEEPAGE AT 14.5, 20.5, AND 38.5 FEET; WATER LEVEL PRIOR TO ADDING WATER =40.2 FEET; FINAL WATER LEVEL INCLUDING DRILLING WATER = 39.7 FEET.

ABANDONMENT METHODS, MATERIALS, QUANTITIES:

1 BAG ASPHALT PATCH; 2 BAGS BENTONITE CHIPS; 3 BAGS QUIKGROUT




APPENDIX IT

Historic Data:
Investigational Procedures
Boring Plan
Site Plan and Profile
Boring Logs — Three (3) Borings
Summary of Soil Test Data



" test resu

-

STATE OF OHIO
DEPARTMENT OF HIGHWAYS
TESTING LABORATORY
FOUNDATION EXPLORATION SECTION

EQUNDATION INVESTIGATIONAL PROGEDUREQ

.

Drive Rod Peyetration Tests

Drive rod pesnetration resistance tests constitute driving a 1,315~
iach diameter steel rod, with a 45° cone point, into the ground, .
using & 122 pound drop-hammer with a free fall of five feet, At
one-foot depth intervals, a measurement is taken to determiune the
amount of penetration achieved in three hammer drops. This reading
18 couaverted to an empirical value for capacity "B", in thousands
of ‘pounds (which is a measure of both the point resistance and
frictional. resistance ou the rod), byvuexagjcharcs prepared by the
Ohio Departmént of Highways, Bureau of Bridges, on the basis of
correlation study of.rod penetration with past performance of pile
drivihg. For interpretation, a graph is prepared by plotting the
value "B* against the depth at which the readlng was taken, and
connecting the plotted poluts. The ourve so obtalned reflects

the density of subsurface materials in a manuer than oan be readily -

- compared with data from similar tests at other locatious on the
structure site, From this comparison, the overall uniformity of
subsurface couditions may be evaluated. = .

Drive- sample borings are made by means of a rotary-type drill rig,
employing a 2" 0, De, 1-3/8* 1, D, sampler, at 2.1/2 and/or 5-foot
- depth iatervals, driveun by means of & 140 pound drop-hammer, with
‘& free fall of 30 inches. The number of blows required to drive
" the sampler 12 iunches 18 cousidered the standard penetration test,
. The Bortng,Log sheets show a graphic plot of the inforaation oOb~ .
~ tained, including depth and elevation of the sample, number of
- -blows for the standard penetration tests 1n two 6-inch inorements,
- lnborator{,eauple number, sample description - based on laboratory
ts and the Casagrande AC classificsation system - and the
- results of laboratory testing which coansists of gradation, plasti-

.. olty, and moisture conteunt determinations, At depthe where the

drift is bouldery.or gravelly to the extent that the sampler can
not be driveu, a wash sample is proocured for visual oclassification,
1o order to determine the general character of the material. These
samples are not considered sufficiently representative to warrant
laboratory testing,

SHEET 2 of 16 Sheets



STATE OF OHIO SHEET #
DEPARTMENT OF HIGHWAYS

TESTING LABORATORY

% LoG OF BORING

CO.,RTNO. SEGC._FRA=40-_13.83 ___ _ __ __ BRIDGE NO. __FRA-4LO __ __ __
REAR ABUTMENT. |

LOCATION: TH._1B STA._45+78 __ _OFFSET_ 30" RT __FED.NO. . . _ —_

NO. |SAMPLE
ELEV. | DEPTH BLOWS| NO. DESCRIPTION
784 .7 o | NG\YD29
®
4“"'4
779.7 - o P . '
: 6] 9/10 | 23882 Brown Silty Sandy Gravel
777 0] ; |
‘ d 8/7 23883 Brown Silty Gravelly Sand
2 o -
S Y
769.9 o o
: 16 [19/22 | 23881 Brown Silty Sandy Gravel
18 ]
7647 20 | |
4 28/40| 23885 Brown and Gray Silty Gravelly Sand
22 '
24
IR
759.7 -] ~ .
26 | 30/60| 23886 Light-Brown Silty Sandy Gravel
757.2 28 | i9/50 238871} BrowntSilty Sandy Gravel
75k .7 30 | :
o 1 17/25] 23888 Brown Silty Gravelly Sand
2 ;
752.2 - 20/29 23889 Brown Silty Gravelly 'Sand
L l" | o
T49.7

36 | on/L2l 23890 Brown Silty Sandy Gravel

73
7.22.59



LOG OF BORING (CONTINUED)

SHEET &

BRIDGE NO.FRA-=LO- _ _ - 0 TW_B . .

ELEV. |DEPTH |o ows

DESCRIPTION

|77 |_s0

-

7347

e [T

(9.7 [

23896 |

23897 |

L
Brown

R
2y

i1ty Gravelly Sand -

4

© Brown ‘Fdndy Gravel -

BrownSj_]_t&Sand R

Brown Gravelly Sand

Brown Sand.

Brown Silty Sand.

Brown and Gray Silty Sandy Gravel O FE

Brown Silty Sand

7187 |- eel18/3n

23898

Y BOTTOM OF BORING

e e e e L




CO.,RTNO.,SEC. _ERA=40=_ 13,83
THIRD PIER

s

1

STATE OF OHIO SHEHKT &
DEPARTMENT OF HIGHWAYS s
TESTING LABORATORY

LOG OF BORING

s ot o ) Py st it Spnta oty i

BRIDGE NO. _ ERA-4O- __
i, INNERBELT UNDER MATN STREXT

e R A e

LOGATION: TH._7B__ STA. _ _47*0& __OFFSET_ 24" RT __FEONO._ . __ -
v pTH | NO. |SAMPLE TION
ELE DE BLows | NO. DESGRIP ON
785,13 o INGVD29
)
.
780.3 “ S
6| 5/11{ 23915 Brown Sandy Gravelly Silt -
8 | | |
775.3 L_®©] o
. 5/11 1 23916f  Brown Silty vandy Gravel
| b
| 14 ]
770.3 . S
‘ 6§ 3/3 - Brown Siltv Sandy Gravel
18 ]
765,3 20 .
4 9/6 23917 Brown Silty Sandy Gravel
22
24 |
760, 3 i -
26 [356/42 | 23918 Brown Silty Sandy Cravel
[y 44 -1 .
721 28 152/50 | 23919 Brown Silty Sandy Gravel -
o] 25/251 23920 drown Silty Gravelly Sand
£o @ T
757, 34...45/36 23921 Brown S5ilty Suandy Gravel
75C.3 - . o
36 | 37/20 1 23922 srown gilty vandy Oravel

,me
7 2259



LOG OF BORING . (CONTINUED)

SHEET 7
BRIDGE NO. . FRA-LQ= _ e — TH e 2B e —
ELEV. |DEPTH |5 ovs nar DESGRIPTION
747.8 38» 567501 23923 Brown Silty Gravelly Sand
74,543 40 | .
;] 28/291 23924 Brown Silty Gravelly Sand
4 «*
7h2.8 133/50] 23925|  Brown Silty Gravelly Sand
44 .
740.3 -
46 | L1/50]1 23926  Brown Silty Gravelly Sand
737-8 = i
48 | 26/56| 23927 Brown Silty Sandy Gravel
735.3 %0 |
443/60] 23928 Brown Silty Sandy Gravel
52
54""1
730.3 - ‘
56 | 28/56|23929- Brown Silty Sandy Gravel
727.8 58 ———— 2393(,)\/ Brown Gravel (Wash sample)
725.3 60 | |
4 36/50|23931 Brown Silty Sandy Gravel
1722-8 o4 —— 239-32 Brown Sandy Gravel (Wash sample)
720.3 RLLELS e “‘,.B.l?owg,,ﬁaa@{wgzéxglm,..A .
66 BOTTOM OF BORING
68 |
o]
-y
T2
74 |
76 |
m‘d
60"
g2




STATE OF OMIO . SHEET &
:,... DEPARTMENT OF HIGHWAYS
TESTING LABORATORY

-
o LOG OF BOR!NG
00.,RT NO. , SEG. M..l;ﬁz_-__;;_ BRIDGE NO. ERA-LO= — —
_FORWARD ARUTMENT _ _ _ ___ E._INNERBELT UNDER MAIN STREET
LOCATION: TH..12 B STA. _..AB:!:82__._OFFSET._. ,AB_LI___FED NO —
NO. |SAMPLE| .
ELEV. |DEPTH| BLows|" No ; -~ DESGRIPTION
[786.0 o|NG\YD29:| -
< 2—
o 4
781.0 I e R
| 61 '8/8 | 23899| Brown Sandy Gravelly Silt
8 | | ‘
- 4 15/1d 23900}  Brown Silty Sandy Gravel
T i4 |
6} 33/3¢ 23901| Gray Gravelly Sandy $ilt

4 29/47 23902 Gray Gravelly Sandy Silt

22
24 |
761.0 ] A
26 | 20/36 23903 Brown Silty Gravelly Sand
og”
756.0 30 | |
1 40/50 23904 Brown Silty Gravelly Sand
753.5 - 23/45 23905 Brown Silty Gravelly Sand
34 ' ‘
751.0

36 | 26/54 23906 Brown Silty Sandy Gravel

mB ,
722.592



SHEET 9

LOG OF BORING (CONTINUED)

BRIDGE NO. _FRAwlOr— e e e TH._12B
ELEV. |DEPTH |g onsl™ Mot - DESGRIPTION
748.5 . \

. 38 |22/50] 23907 Brown Sandy Gravel
746.0 sl B

-4 50/%} 23908 Brown Silty Gravelly Sand
42
: 7203' 5 ’ 4.2 4’/:;1"}// ! .
44 121/L,7) 23909 = Brown Silty Gravelly Sand
| 48122/56] 23910 Brown Gravel
738.5 .._._ﬁ_; 20/59{ 23911 Brown Gravel
736.0 |80 | i
A 50/% 23912 Brown Sai¥ Gravel
52 ! , ,
731.0 1 |
' %6110/% | 23913  Brown Silty Gravelly Sand
58 |
726.0 | . 60] | |
725,80 22/% 23914 Gray Silty Sand

. BOTTOM OF BORING
# Refusal
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Sandy gravetiy siit

Graveliy-sandy siit

Ssndy graveity ciay

BORING PLAK
SUBSURFACE TATS SKETCH

FRA-UD-
EAST INNERBELT
E. INNERBELT UNDER MAIN ST.
FRANKL IN COWNTY

72
JrE Z%
Lzra 0
;
ZEL 7O
230, 750
240 s, 2A
Z¥o z30 |
b7 ) ZEQ_
J
;“ “
¥s,o] 20
4
E ¥ Dondes Eoforas
b/2.] 200
" 5 P b P d
 Gravel
Sandy gravel U . SO
Silty sangy gravel
LEGEND
[ ndy grave! C \ o T, e
fayey sandy g & K= Urdicates Fesistence of TRY -
+ - view
_$.. wger Ferivg - Plan View
Gravelly sand Ay
‘Ag?» Crive Sanple Soring - Fian View
Silty graveily sand . Lrive Fod Tenctra*ion Frsistwce 1 - Voisture Content
lewndings ~ Plan Visw .
PL Figures fo the right of teries log i
and T v
Clayey gravelly s | Crive Fod Pererration Festsiance Y protile view irdicate amter of Hloss
1 Souhings « Cepth Fenefrated tor "Starterd Poretrarion lest”
Pz First & sachex
Sand B Inchcatas Crive Sagie &;fi{'g L s Secone € irores
trdicates huger Enciog ; N
Sidty sand A 125 fuger Sniies Mg drcicates tiral rresuroneat of
| S Irdicates water disvation purctrafior an treres -




' ; A , PHAKKLIN &
R B0 13383 0 .

o T ,  E S . 3 o, Debémb8P ;5j19599”;g5:
f“7'ﬁ§J. AL Fﬁancia, Per“onﬂal Gf?iceb - c S

TN E. Hascn, Aaaiatant Engineer

*Iﬁferﬂation for 3021 Profile nnd utructura Foundabion InVe)L1 atian

S . .Chapges
.» wRA.h0- .83 Cclumbﬁs Fes' ~nnep qlb

File*~;&~18wl oo
Frankiin R
Columbueij S

o, .o e L e
RIS o N

;,Transmitted harein is 1nformﬂtian rpiabive to cherges for e
808l profile and the structurv founéatien 1nvesti(atlonsfor the E
~,,zabgect project.\“" ;

Ie Prajecb Identification - Job.Aﬂo. 06306(4)

" "

- boll rroflle
”RAqhoulj 8}

, 78. Structures , ‘ 4 » A \
' .L. Rﬁﬁ-b0-1&04 ke B, h. 4n‘erbelt Uver S B, m

» © Preeway |
Sl % ‘PA-@O-l&&? Last Innarbelt Under Oak ereat _
L R v“"‘3>9.npﬁa-&0 Fast Innerbelt Under Nain gtreet '
’ BERAPEE b, pRA-IO - gast Innervéls Under Town Htreet . -
L 5 TRALR0 s 3, Bget Proewav Under Yarsona Ave, -

'6.;hebaining W&ll PEY, Stabion 122 2+35 be Station
RO 123+25, Left of Centerline . x
v751?¢tain1ng ;all,"F“, btavzo- 56+05 to Station L
‘ i - - B9+50, Left of Genterline R
C - {Parzons Avenue Stationing)
'8¢_Retaining Wall ”0" Stgtion 126+40. to Station
o ! 132+30, Left of Centérline
9. Retainxng Wall L arption 123+00 to Station - .
i - 135+40, Riyht of Perterline ‘
s ,,10.faetain1ng &all "Ie . Siatien 135485 1, B, w0 !
e \ ’ .Innarbnlt o 3talbion 4+70:
T e . B. Ianervelt, Firht of
.‘Lenterline S

' giI\ Charges*T

A .3alaries and xpenses (rield bﬂurationb} T 2
oo ' P&y ”eriods - April.laels, 1959 o e ‘
R _ Ui April 18.30, 1959 L .
f‘;:t' ' :fi“  - "Q~/ﬂ(kg'»yuf . Hay l»lb, 1959 T | ‘ - R

A; JUHP 101), 1959

- June 16+30, 1959
0 Jduly 1a15, 1959
""‘duly lé»)l 1959




BN A; Francis o ;,,-2+a' o Decembéﬁqﬁ. 195?,k73¢~'

F5A~#Q~13.33

B. zquipment .
“Drill Unit Dags - 1}2

C.,aamﬁle Toshing
1~o&mples Tesbcd - ush

IlI.)AuthorizaLioa.for B1;11n53

,aee‘leCter,in Flla l¢-18~1‘ ifom C. V. ho&augkej to
Ar. Bobert Werner, Columbu Gltv Enginenr, dated
Mapeh 10, 19”9. ;

. On the basls of *he letler mevticned in Item 11, 1t
is my understerding that the City of quumbus is
resyaneibie fer plan provarwuion.

¥, E. Mason v
Assistent Dnginese
WENSDJRIGPHITAE (b :
ce: J. A, F;snais

%, E. Fason (14)
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ST?VHE OF OHIO
DEPART MENT OF HIGHWAYS
115511lﬂ3 LJNBC”!AJ!NRY‘

SUMMARY OF SOlL TEST DATA

SAMPLE NUMBER | . - |

% CLAY
<O.00SMM . -

 PLASTKnTY~

INDEX

{uMJER‘coNTEQT»

GO,

it .

- SHEET NO. ...ll. OEJ. _-SHEETS ,

RT.NO., seof:f.@zﬁ.fii_w.--;g-;

TRA -4 0~ l} Ej}___”_____-__» __________ .

e e e Yo W o -——, o >~ 1>

_mz.wh.u.z_sz*:m;-m:y@a.-m.& ...... REET -

DESGRIPTION

DRIVE SAMPLIES

23882, .

371

15015 |25

BROWiN

SILTY ShNDY GRAVAL™

23883

NPL

BROWN

SILTY GRAVELLY SAND
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NP
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123885

BEDE
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BROWN
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NP
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' STATE OF OHIO
DEPARTMENT OF MIGHWAYS
TESTING LABORATORY

SUMMARY OF SOIL TEST DATA

@ | Wﬁwsccu CHARACTERISTICS| &5 GO, RT.NO, SEC--E-%NKLH"----- |
& T ¢ w | .EEA:942,12"§B ........... eimememe
2| 5% wRIg ¥ t_ e CERASMO.. T
2 B 1503938, Bz T E 8| R InwmEn DR RO
‘ij | g ROl ol g2l 2 °§‘ N - SHEET NO....2 .OF 12 SHEETS
= ot L 73 0§Q = g . Lt ,
3| 32 [SEBICHTie AR RS "bescmvr'ldn
‘m ® ;{;N@.g 2 ) 3 -
| N | 1 DRIVE SAnPLnS |
L | 23899 35014 10]24 ) 16/25] 6| 20] BROWN SANDY GRAVELLY SILT
2123900 Q1191 12]13 1 7INPINP | 14|  BROWN SILTY SANDY GRAVEL
3 123901 151131 19134119 |20} 5 [ 10| GRAY GRAVELLY SANDY SILT
L_1.23902 18l1z24 2903318 12219 71 GRAY GRAVLSLLY SANDY ‘SILT
5 123903 391251 19113 ) & [NPINP | 12)  BROWN . SILTY GRAVE SLLY__SAND
6 | 23904 {1 36/221 10117) 6 [NP|NP | 10|  BROWN SILTY GRAVALLY SAND
7 1 23905 290281 24{12) 7 [NPINP | 14 BROWN SILTY GRAVELLY SAND
& i 23906 531190 151101 3 | #P(NP | 10| PROWN SILTY SANDY GRAVEL
Q. | 23907 620381 70 81 O [NPINP | 8]  BROWN-SANDY GRAV i1
1023908 26) 511 12| ~1}-« | NPINP | 12} ° BROWN SILTY GRAVELLY SAND
11| 23909 33481 11 -84~ I NPINP | 11}  BROWN SILTY GRAVELLY SaND
12 | 23910 Vil S{U 4 L 17| BROWN GRAVEL
13123011 VII SJU AL 17]  BROWN GRAVEL
141 23912 LOL 3312 | ~94- | NPINP| 9 BROWN SANDY GBAVEL
15| 23913 32035018 L154= [ NPINP | A4  BROWN SILTY GRAVELLY SAND
161 23914 256128 Lind- | Npinp | 16 GRAY SILTY SAND.
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- STATE OFOMIO .
lHEPUU?TIIE!!T’¢3F’bﬂ6ﬂﬂﬂlhﬂ3
. TESTING LAWIJRAR!HVV

SUMMARY oF sou. TEST DATA.

; {maCAL CHARACTER!STICS j

NUMBER SQ-

_ <0.005MM
; *%mmo-cuw?

20MM- 0.j42ﬂM
Q
%SILT

. % CLAY -

R
. LABORATORY e

SR paors  137) 71 30l21 | 25/63 51025 - BRO
t2_p3gre  lwsiazlizfaa [af3hs]ag] Ui
3 k3ory 452029 |13 -6 NP IR L s ) “ﬁ”wstTfoANDy GRAVEL . .
M R3918 5711711031 | 5INPNE |8 | - BROWN SILTY SANDY GRAVEL ,;l?f:'
TR0 1) TR Y] 5% -1 P 1 Ne.|9 | BROWNSTETY SANDY.GRAVEL ]
613920 27{321 180157 8'NP'NP% 11‘7fl[BROWNQSILTy GRAvFLLYASANfo'w“‘ E
12 psoal 138130 ihl-18-- |NPUNP'|AT|  BROWN SILTY SANDY- CGRAVEL
Clepaoez  duelesiaziovi- Inpdvp 910 BROWN SILTY SANDY GRAVEL
la.pagey ) 57150133 18- [NPNP P11 PROWN SILTY GRAVELLY SaND |
10392k 130132 | 20| ~1d-~ NP NP | 11| BROWN SILTY GRAVELLY 8 SAND -
11 bagoc - 19124 1°37] ~20-- {NPINP-Li0] - hpowN STITY GRAVELLY SAND '
112 23926 31133 1'18-18-- [NPINP'| 9} BROWN SILTY GRAVELLY SAND
113 123927 {5622 130l -1d-~ InP NP | ol BROWN STLTY SANDY GEAYEL
(1623922 L 41031 | Qkl-1s-- NP~NP~i19.ff’;BRQWN*QILTY SANDY GRAVEL
Jasesgoo  © le mm I PN 13 38 Y . BROMN:STLTY SANDY GRAVEL .
16 23930 VA S VAL | 17U 26)  BROWN GRAVEL el
7 123931 dsei23fa0l 716 |NpINP |90 . BROWN.SILTY SANDY GRAVEL
8 23932 i dlvisyal 23 - BROWN ‘SANDY GRAVEL ‘

v aaNDE. GRAVEL i

o

STA-4 72495, 4711 Lol 106 oF WILLIAESAUGER BORING |-
(120+75. 7' YT, BURK. ELL784.5)] | __DEPTH _ _
o , vishaln | | -l 0,0-0,5. 1SIthALK MATERIAL
142 28165 8.1 61 13143 S0INPINP | 22| 0.5-3,0 BROVN SANDY SILT
318166, . _1.3312 120191 240 331151161 3.0-10.0 BR. SANDY GRAVELLY crat
Lo 18167 . . 447019 300131 10 3417 | 19] 10,0-15.0 BR, CLAYEY SANDY GRAVE
L5 18168 435,281 14t 12t 11/ 281111 17] 15,0-22.0 BR CLAsz_qEAEEL;x;gghﬁ
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' STATE OF OHIO
DEPARTMENT OF MIGHWAYS
TESTING LABORATORY

SUMMARY OF SOIL TEST DATA

lx IPHYSICAL CHARACTERISTICS| & CO., RT. NO., SECFRANKLIN __
8 xg — & ERA=40z13.83 ... ...
£ pVv = E[=} 3 = | B N
2| S [ZoEJEE 22 .58 E._INNERBELT UNDER MAIN STREET
yl g 8 § 32383 §§ 5 5@ e SHEET NO..L_.OF./¢._SHEETS
|2 32 |SBBEESFecia 35k IPTION
| 32-.\"“3'20‘,dvg | * DESCR —
~ ol ol | DRIVE SAMPLE
1| 23882 37117 16{15015 125] 6 | 21| BROWN SILTY SANDY GRAVEL
2|23883 137038110135 | N§ NPl 10| BROWN SILTY GRAVELLY SAND
312388,  §60[16] &{11{5 | NH NP[11| BROWN SILTY. SANDY GRAVEL
L | 23885 38|24 | 18/14 | 6 | NH NP 10| BROWN ang GRAY SILTY GRAVELLY SAND
57123886 601161 ‘8l12 |4 | ng NPl 7| [IGHT BROWN STLTY SANDY GRAVEL |
6 | 23887 531311 10[16 | 0 | NH NP| ¢8| BROWN SILTY SANDY GRAVEL
7 | 23888 § 3042 13|-145- | NE NP| 8|  BROWN SILTY ORAVELLY SAND
8123889 134|431} 11| -1)e | NE NPL10| BROWN SILTY GRAVELLY SAND
9 | 23890 J 4236|120 -322. | NBUNP| 9  BROWN STLTY SANDY GRAVEL
1023891 2Lit3 17150 -1g2- | NH NPl 10}  BROWN STLTY GRAVELLY SAND
13 23892  1ugl36| al--l8- | NB wpl10|  BROWN SANDY GRAVEL-. - - .
‘12| 23893 62| 142174 | NR NPl 11| BROWN SILTY SAND::
13| 23894 50|51 | 5{--lu- | NE NPl 14|  BROWN GRAVELLY SAND
14 23895 0|7k | 20]-6 |-~ | N NP|20| BROWN SAND
15023896 6158 | 15|-12-- | NH NP[10| BROWN SILTY SAND
16| 23897 48 {25 11[-16-- | ‘N NP| 6| BROWN & GRAY SILTY SANDY GRAVEL
17| 23898 10 {35]50f-15~ | NH NP{16] BROWN SILTY SAND
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~ STATE OFOHIO
DEPARTMENT OF HIGHWAYS
TESTING LABORATORY

SUMMARY OF SOIL TEST DATA

@ IPHYSICAL CHARACTERISTICS| &= CO., RT. NO., SEC.. FRANKLIN ____
B oz & FRAZB0-13.83 o |
‘ 8 1 Qs o -1 o .
ig E E g: Z3 , = t , SEBA=E O e
2 5 so@yEy, B.zZE 8 _E_INNERBELT UNDER MAIN STREET
- D [Hwlol o ggégg i SHEET NO...2 OF..12 SHEETS
= 32 3 i%g *gheol 3 53 E ' :
4 *,33{.,%\'3_, DESCRIPTION
, e r DRIVE SAMPLES
1123899 3501k | 11125 | 16]25] 6 | 20 BROWN SANDY GRAVELLY SILT
2 123900 . 3491191 12/13| 7INPINP |1k| BROWN SILTY SANDY GRAVEL
3 123901 . 4 15/13} 19{34119 |50|°5 | 10| GRAY GRAVELLY SANDY SILT
L] 23902 180121 19/33018 {22159 | 7| ~ GRAY GRAVELLY SANDY SILT
5 123903 39125 191131 & [NPINP | 121  BROWN SILTY GRAVELLY SAND
6 | 23904 36]22) 19[17| 6 | NP|NP | 10! = BROWN SILTY GRAVELLY SAND
7_1:23905 29128 24112 7 |NPINP | 14| BROWN SILTY GRAVELLY SAND
8§ | 23906 5312917151101 3 | NPINP | 10| BROWN SILTY SANDY GRAVEL
9 | 23007 671181 9| gl o [NPINP | @] BROWN SANDY GRAVEL - +
101223908 26| 51] 12| 13-~ | NPINP | 12| BROWN SILTY GRAVELLY SAND
11123909 33148 11 -84~ |NPINP | 11} BROWN SILTY GRAVELLY SAND
12| 23910 V|I SjU A L 117 BROWN ' GRAVEL
13| 23911 VII SlU 4 L 17 BROWN GRAVEL
1h . 23912 L6 33112 | -Od- NP NP 9 BROWN SANDY GRAVEL :
151223913 32135118 1154~ | NPINP | 14)  BROWN SILTY GRAVELLY SAND
16| 23914 2| 56128 144 | NPINP | 16 GRAY SILTY SAND :
| ;......_ - — Jf
S



DEPARTMENT OF HIGHWAYS

 STATE OF OHIO

| “TESTING LABORATORY
SUMMARY OF SOIL -TEST DATA

a| - [|psicaL oiaractersics|t | 00, RTNO, SEC...FRANKLIN...
@ E ;8 eI 4 E ’ .EEA.":.&Q:.J.:’».Sl---“ ...............
2 g% WRIIF [ 5| B
2 §§ 2@ 95Y, Bzl 2 £ (8| A TMUSRELT.UNDER VAIN. STREET
Y @ 0, SR8l *ﬁg | SHEET.NO..3_.OF..3. _SHEETS
2| 32 [ebREEsaeg SQEE  DESGRIPTION
L_:n . R ;g ;Jf= ‘ L
~e __DRIVE SAMPLES :
123915 371 7.1 10l21 | 25!K3 |21 |25 BROWN SANDY GRAVELLY SILT _
2 3916 L6117 1 12]11 | 1431 |13 |18 BROWN SILTY SANDY GRAVEL
3 p3917 52129 | 13| =6d=m |NP NP |34 BROWN SILTY SANDY GRAVEL
L p3918 57{17 | 10{11| 5INP NP | 8 BROWN STLTY SANDY GRAVEL
5 123919 57123 | 9l-1l--=|NP NP | Q RROWN_STLTY SANDY GRAVFL
6 23920 f27132118015] alnpNp 111 BROWN SILTY GRAVELLY SAND
7 23921 -8 3830 | 14]-18-- |NP NP |11 BROWN SILTY SANDY GRAVEL
g8 23922 16123 | 17le1d-— (NP |Np 121]  BROWN SILTY SANDY GRAVEL
Q_ 3923 271221 33} =18=- UNP-|NP | 1L BROWN_SILTY GRAVELLY SAND
10 23924 30[32| 20| ~18-~ |NP NP |13]|  BROWN SILTY GRAVELLY SAND
11 3925 191 2L | 371 =20~ | NP NP | 1Q "HROWN STLTY GRAVELLY SAND
12 123926 31133} 18/ -18-- |NP NP | 9 BROWN SILTY GRAVELLY SAND
13 123927 561221 10| -12-- |NP NP | 9 BROWN SILTY SANDY GRAVEL
14 23928 51033 ) Jhl =14-- NP NP | 10 BROWN SILTY SANDY GRAVEL
15 ’)’2999 361' 161 10! al(wm L NP INP Q - BROWN STI.TY SANDY GRAVEL
16 123930 vispal 26 BROWN GRAVEL
17 123931 56123] 10 716 |NPINP |10 BROWN SILTY SANDY GRAVEL
18 23932 ClvasUAlL 23 BROWN SANDY GRAVEL
STA4 7495, F7LLT 1L0OG OF WILLIAMSAUGER BORING
(120+75.7'IT, ,BURK.ELL 784.5) DEPTH
- AT S JL AL 0,0~-0,5 SIDEWALK MATERIAL
42 18165 81 61 13/43] 30| NP|NP | 22| 0.5-3.0  BROWN SANDY SILT
ly3lig166 . .. 233121 120191 24 3315 160 3.0-10.0 BR. SANDY GRAVELLY CL
LL 118167 . _ r7l19l 100131 11 34}17 | 19} 10,0-15,0 BR. CLAYEY SANDY GRAVE
45118168 35028 140120 1128113 | 17| 15,0-22,0 BR CLAYEY GRAVELLY SAN
L6 118169 L8l 28! 10, 7| 7/ NP|NP| 6| 22,0-30,0 BR. SILTY SANDY GRAVEL
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ms consultants, inc.
engineers, architects, planners

JOB NO:
DESIGN:
CHECK:
OFFICE:
PROJECT:
ELEMENT:

06634_01 SHEET:

GLG DATE:
DATE:

COLUMBUS

FRA-71-1716

LOADS ON REAR ABUTMENT

10F1
04/16/2013

1 2 3
Spans (ft) 150.83 91.14 130.96

STRUCTURE DEPTH = 18.00 FT
REAR ABUMENT WIDTH = 124.00 FT

SKEW ANGLE OF WIND = 45.00 DEG

WIND LOAD LONG TO BRDG = 0.016 K/FT?

WIND LOAD TRANS TO BRDG = 0.033 K/FT?

WIND ON LIVE LONG TO BRDG = 0.032 K/FT

WIND ON LIVE TRANS TO BRDG = 0.066 K/FT

Vertical Loads

* Includes stem weight, but not footing

Substructure Unfactored LL | Unfactored DL * | Unfactored DW
k/ft k/ft k/ft
R.A. 5.59 34.79 2.56

SKEW =

LONG TO R.A.

TRANS TO R.A.

LONG TO R.A.
TRANS TO R.A.

12.34

0.023

0.029

0.045
0.058

DEG

K/FT?
K/FT?
K/FT
K/FT

Transverse Loads (All loads acting at bearing elevation, in the center of the abutment, unless otherwise indicated)

Height Wind Load Wind Load
clé Wind Load on LL ind -oad on ind Loadon Braking |Centrifugal Force| Temp. Load
Substructure Beam Seat to Superstructure Substructure
(WL) Load (BR) (CF) (TU)
Bot/Ftg (WS1) (WS2)
kip kip kip kip kip kip
R.A. 26.24 4.35 39.12 N/A N/A 12.59 31.06
Longitudinal Loads (All loads acting at bearing elevation, in the center of the abutment, unless otherwise indicated)
Wind Load Wind Load
Wind Load on LL ind -oad on ind Loadon Braking |Centrifugal Force| Temp. Load
Substructure Area Superstructure Substructure
(WL) Load (BR) (CF) (TU)
(WS1) (WS2)
ftr 2 kip kip kip kip kip kip
R.A. N/A 3.42 30.79 N/A N/A 2.75 141.96




ms Consu“:ants’ inc. p JOB NO: 06634 01 SHEET: 10F1
engineers, architects, planners i DESIGN: GLG DATE: 04/16/2013
W CHECK: DATE:
OFFICE: COLUMBUS
PROJECT: FRA-71-1716
ELEMENT: LOADS ON FORWARD ABUTMENT
1 2 3
Spans (ft) 150.83 91.14 130.96
STRUCTURE DEPTH = 17.00 FT SKEW = 1.73 DEG
FORWARD ABUMENT WIDTH = 121.25 FT
SKEW ANGLE OF WIND = 60.00 DEG
WIND LOAD LONG TO BRDG = 0.019 K/FT? LONG TOF.A. = 0.020 K/FT?
WIND LOAD TRANS TO BRDG = 0.017 K/FT? TRANSTO F.A. = 0.016 K/FT*
WIND ON LIVE LONG TO BRDG = 0.038 K/FT LONGTOF.A. = 0.039 K/FT
WIND ON LIVE TRANS TO BRDG = 0.034 K/FT TRANSTOF.A. = 0.033 K/FT

Vertical Loads

* Includes stem weight, but not footing

Substructure Unfactored LL | Unfactored DL * | Unfactored DW
k/ft k/ft k/ft
F.A. 5.43 31.42 2.24

Transverse Loads (All loads acting at bearing elevation, in the center of the abutment, unless otherwise indicated)

Height Wind Load Wind Load
clé Wind Load on LL ind -oad on ind Loadon Braking |Centrifugal Force| Temp. Load
Substructure Beam Seat to Superstructure Substructure
(WL) Load (BR) (CF) (TU)
Bot/Ftg (WS1) (WS2)
kip kip kip kip kip kip
F.A. 25.74 2.15 18.28 N/A N/A 12.23 2.35
Longitudinal Loads (All loads acting at bearing elevation, in the center of the abutment, unless otherwise indicated)
Wind Load Wind Load
Wind Load on LL ind -oad on ind Loadon Braking |Centrifugal Force| Temp. Load
Substructure Area Superstructure Substructure
(WL) Load (BR) (CF) (TU)
(WS1) (WS2)
ftr 2 kip kip kip kip kip kip
F.A. N/A 2.55 21.71 N/A N/A 0.37 77.96




ms Consu|tantsl inc. Job no: 06634_01 sheet:

engineers, architects, planners Design: date:
1) Check: date:
d‘ Office: Columbus
W Project: FRA-71-1716
Element: Loads on Pier 1 Foundation

Loads are taken at top of footing and include the weight of the pier columns. Weight of footing is not included.
Force resultants are at the center of pier.

Vertical and lateral earth pressures, and live load surcharge on footing not applied.

All loads are unfactored service loads.

All force effects may be taken as +/- to maximize effects except upward wind (STR Ill).

Coordinate Axes:
Y axis is vertical
X axis is parallel to the pier cap long direction
Z axis is perpendicular to the pier cap

Foundation Load Summary

Load Type Fx (kips) Fy (kips) Fz (kips) Mx (kip-ft) Mz (kip-ft)
Self Weight 0 1384 0 0 0
DC 0 4445 0 0 6580
DW 0 632 0 0 392
TU 9 0 63 2058 285
WS (STR Il only) 134 283 19 527 12780
WS 28 0 703 1476 0
WL 1 0 5 173 45
EH 0 0 703 1476 0
LS 0 0 160 824 0
LL Case 1
LL 0 359 0 0 14478
BR 0 0 0 0 0
CE 4 0 1 23 167
LL Case 2
LL 0 583 0 0 14704
BR 0 0 0 0 0
CE 6 0 1 38 271
LL Case 3
LL 0 457 0 0 16152
BR 0 0 0 0 0
CE 5 0 1 29 213




Eric Tse

From: Gardner, Gary [ggardner@msconsultants.com]
Sent: Thursday, June 13, 2013 7:14 AM

To: Eric Tse

Cc: Brian Afek; Timothy Hampshire; Daniel O'Rorke
Subject: RE: New Loads for 1716 Pier 1

Eric,

Primarily | am concerned about the case where EH is a driving force and eccentricity is a resisting force. If the other
direction controlled the argument could always be made that EH should be calculated using passive instead of active
pressure, in which case you’d end up with huge resisting forces.

Gary Gardner, PE
ms consultants, inc. | engineers, architects, planners
2221 Schrock Road, Columbus, Ohio 43229-1547

p: 614-898-7100 Ext. 116

f: 614-898-7570

e: ggardner@msconsultants.com

Connect: Facebook | Twitter | LinkedIn | ms Blog

Click here to view timeline

Notice of Confidentiality: **This e-mail and any of its attachments may contain proprietary information, which is privileged, confidential, or subject to copyright
belonging to ms consultants, inc. This e-mail is intended solely for the use of the individual or entity to which it is addressed. If you are not the intended recipient of
this e-mail, you are hereby notified that any dissemination, distribution, copying, or action taken in relation to the contents of and/or attachments to this e-mail is
strictly prohibited and may be unlawful. If you have received this e-mail in error, please notify the sender immediately and permanently delete the original and any
copy of this e-mail and any printout.**

From: Eric Tse [mailto:etse@dlz.com]

Sent: Wednesday, June 12, 2013 7:52 PM

To: Gardner, Gary

Cc: Brian Afek; Timothy Hampshire; Daniel O'Rorke
Subject: RE: New Loads for 1716 Pier 1

Gary,

Yesterday you wrote: EH loading can act in only one direction. Moment due to vertical load eccentricity can also act
in only one direction. By choosing the direction of the eccentricity we can use these two facts to offset one another,
same as we do in an abutment footing. All other applied horizontal loads (WS, WL, etc.) can act in either direction.
So one case has EH as a resisting force, vertical loading X eccentricity as a driving force, and all other horizontal loads
as driving forces. The other case has EH as a driving force, all other horizontal loads as a driving force, and vertical
loads X eccentricity as a resisting force.

Do you want us to consider two load cases for EH as described above, one is resisting and the other driving, for all three
LL cases?

By the way, | sent you an e-mail earlier asking if WL should have been zero. Ifitis in fact a zero, please check if all other
loads are still valid.



Eric

From: Gardner, Gary [mailto:ggardner@msconsultants.com]
Sent: Wednesday, June 12, 2013 7:42 PM

To: Eric Tse

Cc: Brian Afek; Timothy Hampshire; Daniel O'Rorke
Subject: Re: New Loads for 1716 Pier 1

The 14' footing has 3.5' eccentricity. I'd like to use smaller footing if we can though. In general the footing has a 2' heel,
a 3'stem, and "x"" toe. The eccentricity is (toe minus heel)/2.

Apply same as before. Eh acts one way, eccentrics acts the other way, and all other horizontal loads are reversible
Sent from my iPhone

OnJun 12,2013, at 6:20 PM, "Eric Tse" <etse@dlz.com> wrote:
Gary,

Please let me know what the new eccentricity for the 14’ wide footing is and how | should apply the
EHmoment and the moments associated with the new eccentricity.

Eric

From: Gardner, Gary [mailto:ggardner@msconsultants.com]
Sent: Wednesday, June 12, 2013 6:09 PM

To: Eric Tse

Subject: New Loads for 1716 Pier 1

Eric,
Small changes to most loadings, but the EH loading is changed quite a bit.

Gary Gardner, PE

ms consultants, inc. | engineers, architects, planners
2221 Schrock Road, Columbus, Ohio 43229-1547

p: 614-898-7100 Ext. 116

f: 614-898-7570

e: ggardner@msconsultants.com

Connect: Facebook | Twitter | LinkedIn | ms Blog

<image0O01.png>
Click here to view timeline

Notice of Confidentiality: **This e-mail and any of its attachments may contain proprietary information, which is privileged, confidential, or
subject to copyright belonging to ms consultants, inc. This e-mail is intended solely for the use of the individual or entity to which it is
addressed. If you are not the intended recipient of this e-mail, you are hereby notified that any dissemination, distribution, copying, or action
taken in relation to the contents of and/or attachments to this e-mail is strictly prohibited and may be unlawful. If you have received this e-mail
in error, please notify the sender immediately and permanently delete the original and any copy of this e-mail and any printout.**
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ms consultants, inc.

engineers, architects, planners

&'
4

Job no:
Design:
Check:
Office:
Project:
Element:

06634_01
GLG

Columbus
FRA-71-1716

sheet:
date:
date:

Loads on Pier 2 Foundation

1
6/7/2013

Loads are taken at top of footing and include the weight of the pier columns. Weight of footing is not included.

Force resultants are at the center of pier.

Vertical and lateral earth pressures, and live load surcharge on footing not applied.

All loads are unfactored service loads.

All force effects may be taken as +/- to maximize effects except upward wind (STR Ill).

Coordinate Axes:

Foundation Load Summary

Y axis is vertical
X axis is parallel to the pier cap long direction
Z axis is perpendicular to the pier cap

Load Type Fx (kips) Fy (kips) Fz (kips) Mx (kip-ft) Mz (kip-ft)
Self Weight 0 1456 0 0 0
DC 0 3816 0 0 5138
DW 0 549 0 0 630
TU 15 0 216 6272 430
WS (STR Il only) 86 259 6 171 11964
WS 20 0 60 1704 704
WL (Case 1) 11 0 22 488
WL (Case 2) 1 0 138 53
EH 0 0 268 1009 0
LS 0 0 99 558 0
LL Case 1
LL 0 329 0 0 11548
BR 4 0 58 2574 176
CE 4 0 0 10 161
LL Case 2
LL 0 198 0 0 7919
BR 4 0 58 2574 176
CE 2 0 0 10 161
LL Case 3
LL 0 420 0 0 12621
BR 4 0 58 2574 176
CE 5 0 0 10 161




Eric Tse

From: Brian Afek

Sent: Thursday, May 30, 2013 4:49 PM
To: 'Gardner, Gary'; Eric Tse

Cc: Daniel O'Rorke; Timothy Hampshire
Subject: RE: Main Street Pier 1

Gary,

As per our conversation on the phone:

Based on an assumed footing width of 15.0’ and using the existing loading information; enough bearing resistance is
achieved at the bearing elevation of 746.0.

Brian

From: Gardner, Gary [mailto:ggardner@msconsultants.com]
Sent: Thursday, May 30, 2013 3:24 PM

To: Brian Afek; Eric Tse

Cc: Daniel O'Rorke; Timothy Hampshire

Subject: RE: Main Street Pier 1

| take it back. That width causes us problems on MOT.
Can we narrow up the footing width by dropping the elevation to the bottom of ditch elevation? (747.0)
Gary Gardner, PE

ms consultants, inc. | engineers, architects, planners
2221 Schrock Road, Columbus, Ohio 43229-1547

p: 614-898-7100 Ext. 116

f: 614-898-7570

e: ggardner@msconsultants.com

Connect: Facebook | Twitter | LinkedIn | ms Blog
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From: Brian Afek [mailto:bafek@dlz.com]
Sent: Thursday, May 30, 2013 2:42 PM
To: Eric Tse; Gardner, Gary

Cc: Daniel O'Rorke; Timothy Hampshire
Subject: RE: Main Street Pier 1

Gary,



Based on the bearing calculations, an estimated footing width of 17.0" will be required for Pier 2 if left at the same
bearing elevation.

Thanks,

Brian

From: Eric Tse

Sent: Wednesday, May 29, 2013 5:15 PM

To: 'Gardner, Gary'

Cc: Daniel O'Rorke; Timothy Hampshire; Brian Afek
Subject: RE: Main Street Pier 1

We will get back to you with an estimated footing width tomorrow.

From: Gardner, Gary [mailto:ggardner@msconsultants.com]
Sent: Wednesday, May 29, 2013 5:22 PM

To: Eric Tse

Cc: Daniel O'Rorke; Timothy Hampshire; Brian Afek
Subject: RE: Main Street Pier 1

We agree the loads will be revised. Due to the sloping ground we need an initial estimate of size to determine the
location based on cover requirements.

Gary Gardner, PE

ms consultants, inc. | engineers, architects, planners
2221 Schrock Road, Columbus, Ohio 43229-1547

p: 614-898-7100 Ext. 116

f: 614-898-7570

e: ggardner@msconsultants.com

Connect: Facebook | Twitter | LinkedIn | ms Blog
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From: Eric Tse [mailto:etse@dIlz.com]

Sent: Wednesday, May 29, 2013 5:01 PM

To: Gardner, Gary

Cc: Daniel O'Rorke; Timothy Hampshire; Brian Afek

Subject: RE: Main Street Pier 1

Gary,



| forgot to mention in my e-mail earlier that the loading would change should we lower the footing elevation. The
footing will only need to be lowered to an elevation as same as the toe elevation of the sloping ground shown on the
site plan.

Brian will give you an estimated footing width with a sloping ground later (probably tomorrow).

From: Gardner, Gary [mailto:ggardner@msconsultants.com]
Sent: Wednesday, May 29, 2013 4:40 PM

To: Eric Tse

Cc: Daniel O'Rorke; Timothy Hampshire; Brian Afek
Subject: RE: Main Street Pier 1

Responses in red below.

Gary Gardner, PE
ms consultants, inc. | engineers, architects, planners
2221 Schrock Road, Columbus, Ohio 43229-1547

p: 614-898-7100 Ext. 116

f: 614-898-7570

e: ggardner@msconsultants.com

Connect: Facebook | Twitter | LinkedIn | ms Blog
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From: Eric Tse [mailto:etse@dIlz.com]

Sent: Wednesday, May 29, 2013 3:55 PM

To: Gardner, Gary

Cc: Daniel O'Rorke; Timothy Hampshire; Brian Afek

Subject: RE: Main Street Pier 1

Gary,

| left you a voice message earlier regarding your May 23™ response e-mail (see the very bottom of the attached e-mails)
concerning the negative dead load moment. | wanted to confirm with you the following:

1. Isn’tit true that the negative dead load moment should be equal to ALL axial loads (dead and live loads) times
the initial eccentricity of 15”? This is correct. For a given load case, all axial loads in the columns would have to
be multiplied by the initial eccentricity.

2. When we analyzed the footing at Pier 1, we assumed all the moments provided in the loading sheet were in the
same direction. Isn’t it true that the negative dead load moment in question should be in a direction opposite to
all other moments being applied? It means that the negative dead load moment is the only resisting moment in
our analysis.



Moment due to initial eccentricity is in a single direction. Moment due to EH loading is also in a single (opposite
to initial eccentricity) direction. All other moments due to braking, thermal, etc. can be in either direction
depending on which direction governs.

For pier 2, there will be a sloping ground surface on the west side of the pier. According to AASHTO, we should ignore
the embedment surcharge effect (Df) and reduce the shear resistance of the foundation soil for bearing resistance. At
pier 2, the foundation soil is granular. Using the chart in AASHTO for footings on or near slopes, we came up with a
factored bearing resistance of approx 4 ksf, which is only 1/3 of required bearing resistance for a 9.5 feet wide footing.
According to GEC 6, the sloping effect can be ignored if the sloping ground is beyond the footing a distance of between 2
to 6 times the footing width. Given the close proximity of a ditch to pier 2, having a flat ground around the pier is not
feasible. The only option will be to lower the footing to an elevation to match the toe elevation of the sloping ground.
We are not governed on width for this footing. Please let us know what footing size will work for this location, and we’ll
check it against the grading plan to determine if the footing elevation needs to be dropped. The ditch elevation is
746+/-. Could this be our bottom of footing elevation, or do we need to have the footing completely below this
elevation to increase the bearing capacity? Lowering the footing by 3.5" isn’t too bad, but lowering by 7.5 is not
preferred.

FYl only. Temporary sheeting will be used at piers 1 and 2. According ODOT BDM, the design of the temporary sheeting
is required by the structural engineer for the project.

We are aware of the need for temporary shoring at several locations for the construction of this bridge in % width
phases. Where we are greater than 8 and supporting traffic, our in-house geotechnical engineer is providing temporary
shoring design for our plan sheets.

If you have any questions, please let me know.
Eric

From: Gardner, Gary [mailto:ggardner@msconsultants.com]
Sent: Wednesday, May 29, 2013 10:49 AM

To: Brian Afek

Cc: Daniel O'Rorke; Timothy Hampshire; Eric Tse

Subject: RE: Main Street Pier 1

Provided we get Pier 1 to work as a spread footing, we’re going to revise Pier 2 as well. We won’t need eccentricity on
that one because the EH loading is much less. It will just be a regular concentric spread.

Using the loadings we previously sent, can you please provide the minimum footing size required for Pier 2?

Once we have an approximate size we may need to refine slightly the footing elevation just to make sure the toe of
footing has sufficient cover due to the sloping ground. Use 749.5 as the bottom of spread footing.

Thanks,
Gary Gardner, PE

ms consultants, inc. | engineers, architects, planners
2221 Schrock Road, Columbus, Ohio 43229-1547

p: 614-898-7100 Ext. 116

f: 614-898-7570

e: ggardner@msconsultants.com

Connect: Facebook | Twitter | LinkedIn | ms Blog
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From: Brian Afek [mailto:bafek@dlz.com]

Sent: Wednesday, May 29, 2013 10:21 AM

To: Gardner, Gary

Cc: Daniel O'Rorke; Timothy Hampshire; Eric Tse

Subject: RE: Main Street Pier 1

Gary,

Another question:

For Main Street we only looked at Pier 1 using the spread footing design. Should we analyze pier 2 as a 9.5’ wide spread
footing with the 15” eccentricity as well?

Brian

From: Gardner, Gary [mailto:ggardner@msconsultants.com]
Sent: Wednesday, May 29, 2013 10:23 AM

To: Brian Afek

Cc: Daniel O'Rorke; Timothy Hampshire; Eric Tse

Subject: RE: Main Street Pier 1

For Grant Avenue | thought we had already discussed using a single layer cage and an embedded WF section. At the
5/15 meeting with ODOT they concurred with this. Please verify if | sent something previously about exactly what
reinforcement and WF section to use. I'll look on my end as well.

For Main Street, just multiply the previously provided loadings by the eccentricity.
Gary Gardner, PE

ms consultants, inc. | engineers, architects, planners
2221 Schrock Road, Columbus, Ohio 43229-1547

p: 614-898-7100 Ext. 116

f: 614-898-7570

e: ggardner@msconsultants.com

Connect: Facebook | Twitter | LinkedIn | ms Blog
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From: Brian Afek [mailto:bafek@dlz.com]

Sent: Wednesday, May 29, 2013 9:30 AM

To: Gardner, Gary

Cc: Daniel O'Rorke; Timothy Hampshire; Eric Tse

Subject: RE: Main Street Pier 1

Gary,
| have a few questions in regard to the Main Street and Grant Ave Bridges.

Main Street - 1716C
In your previous email, you suggest to design the footing as 9.5 and to shift it 15” to the east. Will you be providing an
updated loading sheet or should we just multiply the vertical components by 15” in order to get the new moments?

Grant Ave — 1456
Our LPILE analyses indicated an increase in rebar to approximately 4.25% will be needed to control the defection on the
north abutment. Has there been any talks on whether this amount of rebar is acceptable for the design?

Thank You,

Brian Afek

From: Gardner, Gary [mailto:ggardner@msconsultants.com]
Sent: Thursday, May 23, 2013 8:31 AM

To: Eric Tse

Cc: Brian Afek; Daniel O'Rorke; Timothy Hampshire
Subject: RE: Main Street Pier 1

Using your loadings spreadsheet for the 9.5’ wide footing with EH force, | optimize the effective footing size to almost
exactly 9.5’ if | introduce an initial eccentricity of 15” (therefore resulting in a negative dead load moment). My
suggestion is to design this as a 9.5” spread footing shifted 15” to the east. This gives us about 20” clearance to the bore
hole for the microtunnel, and it’s much, much, much cheaper than the DS foundations. After accounting for the larger
effective footing size, the bearing resistance works easily.

Gary Gardner, PE
ms consultants, inc. | engineers, architects, planners
2221 Schrock Road, Columbus, Ohio 43229-1547

p: 614-898-7100 Ext. 116

f: 614-898-7570

e: ggardner@msconsultants.com

Connect: Facebook | Twitter | LinkedIn | ms Blog
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From: Eric Tse [mailto:etse@dlz.com]

Sent: Wednesday, May 22, 2013 6:40 PM

To: Gardner, Gary

Cc: Brian Afek; Daniel O'Rorke; Timothy Hampshire

Subject: RE: Main Street Pier 1

Gary,
Attached are the spreadsheets for the cals.

See results in red below.

From: Gardner, Gary [mailto:ggardner@msconsultants.com]
Sent: Wednesday, May 22, 2013 1:22 PM

To: Eric Tse; Brian Afek

Subject: Main Street Pier 1

Eric and Brian,

Question: At Main Steet Pier 1, using the loads we sent a few weeks ago, what would be the minimum spread footing
size that would work? | figure you guys should be able to plug this in pretty quickly to your spreadsheet and get an
answer. Min. Footing width = 9.5’

Question Part 2: What does that minimum footing size become if you eliminate the “EH” force? Min. Footing with = 9.0’

Please forward your calcs when you get these answers so we can see what controls.

| think this takes precedence over the question about piles because nobody can put a number on how close to the
existing microtunnel we can drive piles.

Assume the spread footing elevation is 740.0.

Thanks,

Gary Gardner, PE
ms consultants, inc. | engineers, architects, planners
2221 Schrock Road, Columbus, Ohio 43229-1547

p: 614-898-7100 Ext. 116

f: 614-898-7570

e: ggardner@msconsultants.com

Connect: Facebook | Twitter | LinkedIn | ms Blog
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Forward Abutment



" SUBJECT Client ms consultants/ ODOT D-6 JOB NUMBER 1021-1005.01
; D L Z Project FRA-70-14.48 SHEETNO. 1 oF 2

Item Bearing Check COMP. BY ~ EWT DATE 1114113
Bridge 1716C Forward Abutment CHECKEDBY TAH DATE 11114113
LRFD
BEARING RESISTANCE CALCULATION FOR CANTILEVER WALL
Ref: {AASHTO; LRFD BRIDGE DESIGN SPECIFICATIONS}
B Soil Properties
Pliwv Pus YemB = 120 pef Unit weight Embankment fill
WS1 DW<11 WL PevB = 30  deg. Friction ang. Embankment fill
d; W __________ YrDN = 120 pef Unit weight Foundation soil
Ty {Pevae _i c = 0 psf Cohesion Foundation soil
I (0] = 36 deg. Friction ang. Foundation soil
I PLs c' = 0 pst Cohesion Foundation soil
Wi Peyi Z (04 = 36 deg. Friction ang. Foundation soil
l | | [ Unfactored Loads and Parameters
WSZ,_ T ! I R TU = 643.0 Ib/f Temperature Load
W ;l WS1 = 179.1 1b/ft Wind Loads on Superstructure
l | e WS2 = 0.0 Ib/ft  Wind Load on Substructure
4 L3 | 1‘ Le e WL = 21.0 b/t Wind on Live Load
; - l W3 BR = 0.0 Ib/ft Braking Force
- JO Pisv/Pisy = 250  psf Traffic Load
RT‘E PpLv = 31,420 Ib/ft Bridge Dead Load + Stem Wght (W1)
w Py = 5,430 1Ib/ft Bridge Live Load
Max Factored Uniform Bearing Pressure DW = 2,240.0 1b/ft Dead Load of Wearing Surf./Utilities
From Table 2 on following page, B = 20.0 ft Width of footing
Qui = 5,971 psf L1 = 43  ft Width of stem
L2 = 8.5 ft Length of heel
Factored Unit Bearing Resistance, ¢, (Undrained) L3 = 73 ft Length of toe
qur=cN +yD¢N,C ,,+0.5yB'N,C,, L4 = 43  ft Base of stem width
qur = N/A psf h = 30 ft Thickness of footing
A = Oqur Dy = 40 ft Embedment depth
lgﬂ = 0.55 d = N/A psf Dw = 40 ft Groundwater depth
H-D = 279 ft Height Above Ground Surface
Undrained Bearing resistance is N/A H = 319 ft Total height of wall
Ka = 0.30
Factored Unit Bearing Resistance, ¢, (Drained) B' = 19.7 ft
quir=cN¢+yD¢NyCu+0.5yB'N,C,, ’a = 576 pef
qur = 51,419 psf a = 0.0 degree Back face batter angle
Ar = 9qyy o] = 20.0 degree Embankment Interface Friction Ang.
lgﬂ = 0.55 = 28,280 psf Bearing Capacity Factors for Equations
Undrained Drained (AASHTOTable 10.6.3.1.2a-1)
Drained Bearing resistance is N, 50.60 50.60
N, 37.80 37.80
N, 56.30 56.30
AASHTO Table 10.6.3.1.2a-2
Cuwq= 1.0 Cuy™ 0.5
! Resistace factors from AASHTO LRFD, Table 11.5.7-1

Forward Abutment 11-14-13.xIsx [ CIP BC (2)] 2/5/2014 - 3:29 PM



Client ms 0ODOT D-6 JOB NUMBER 1021-1005.01
Project FRA-70-14.48 SHEET NO. 2 of 2
Item Stability Calculations COMP. BY EWT Date 11/14/2013
Bridge 1716C Forward Abutment CHECKED BY TAH Date
LRFD
STABILITY CALCULATIONS FOR CANTILEVER WALL
Ref: {AASHTO; LRFD BRIDGE DESIGN SPECIFICATIONS}
Summary of Unfactored Loads
Item Force (Ib/ft)  Arm (ft) M (fi-Ib/ft) % oad Factors and Load Combinations
Prsv 2,125 5.75 12,219 Group EV EH LS DC TU ws DW BR WL
Prsun 2,228 -15.95 -35,538 Strength I-a 1.00 1.50 1.75 0.90 0.50 0.00 0.65 1.75 0.00
Prsuy 811 10 8,110 Strength I-b 1.35 1.50 1.75 1.25 0.50 0.00 1.50 1.75 0.00
Pevi 29,478 5.75 169,499 Service I 1.00 1.00 1.00 1.00 1.00 0.30 1.00 1.00 1.00

Peviia 0 1.50 0 Strength IV 1.35 1.50 0.00 1.50 0.50 0.00 1.50 0.00 0.00

Py 5,430 -0.63 -3,394

PpLy 31,420 -0.63 -19,638 Vertical Factored Loads(Ibs/ft width)|Vertical Factored Moments ft-lbs/ft.

Peun 17,058 -10.63 -181,386 Group Prsuy Peny Group Prsuy Peny
Peny 6,209 10.00 62,087 Strength I-a 1,419 9,313 |[StrengthI-a 14,192 93,130
W1 0 -0.63 0 Strength I-b 1,419 9,313 |Strength I-b 14,192 93,130
w2 0 1.50 0 Service [ 811 6,209 Service I 8,110 62,087
W3 9,000 0.00 0 Strength IV 0 9,313 | Strength IV 0 93,130
WsS1 179 -34.20 -6,125
Ws2 0 12.85 0
WL 21 -37.90 -796
TU 643 -25.70 -16,525
DW 2,240 -0.63 -1,400
BR 0 -31.90 0

Vertical Factored Loads (Ibs per ft width Horizontal Factored Loads (Ibs per ft width)

Group Pry, Pevia  PriviPisy WI(DCI) W2(DC2) W3 (DC3) Poiy DW Total Group Peypn Pisun TU WS1  Ws2 BR WL Total
StrengthI-a 29,478 0 13,221 0 0 8,100 28,278 1,456 91,265 | StrengthI-a 25,587 3,899 322 0 0 0 0 29,808
Strength I-b 39,795 0 13,221 0 0 11,250 39,275 3,360 117,634 | Strength I-b 25,587 3,899 322 0 0 0 0 29,808

Service I 29,478 0 7,555 0 0 9,000 31,420 2,240 86,713 Service I 17,058 2,228 643 54 0 0 21 20,004
Strength IV 39,795 0 0 0 0 13,500 47,130 3,360 113,098 | Strength IV 25,587 0 322 0 0 0 0 25,909
Vertical Factored Moments ft-lbs/ft Horizontal Factored Moments, My (ft-Ibs/ft)

Group Pry, Pevia  PriviPisy WI(DCI) W2(DC2) W3 (DC3) Poiy DW Total Group Peup  Pusun  TU WS1  WS2 BR WL Total
Strength I-a 169,499 0 15,444 0 0 0 -17,674 -910 273,680 | StrengthI-a -272,079 -62,191 -8,263 0 0 0 0 -342,532
Strength I-b 228,823 0 15,444 0 0 0 -24,547 -2,100 324,942 | Strength I-b -272,079 -62,191 -8,263 0 0 0 0 -342,532

Service I 169,499 0 8,825 0 0 0 -19,638 -1,400 227,482 Servicel -181,386 -35,538 -16,525 -1,838 0 0 -1,400 -236,686
Strength IV 228,823 0 0 0 0 0 -29,456 -2,100 290,397 | Strength IV -272,079 0 -8,263 0 0 0 0 -280,341
Check Overturning (Eccentricity)a Table 1
Group  Vyor (Ib/ft) My(ft-Ibs/ft) Myy(ft-Ibs/ft) ¢ (ft) B/3 (ft)
StrengthI-a 86,128 238,106 -342,532 1.21 6.67
*Strength IV 113,098 290,397  -280,341 0.09 6.67
* Strength 1V does not apply (Superstructure DL/LL<7.0)
Call cases is less than Cma= B/3 Overturning is OK
Cal. emax = 1.21 B/3= 6.67 Check if Cal. e o <= B/3)= YES Inside middle 2/3 |

Check Sliding”

Because of the potential for loss of soil in front of wall, assume:

Factored resistance against failure by sliding
PepRep=0
Check sliding using Strength I-a loading

Rr = @R, = @R+ @epRep

Cohesionless Soil: Re= V tang Cohesive Soil: R, =area under g diagram (pg3)
tan@= 0.73 R,= 55,671 lbs/ft Rt = N/A Ibs/ft
@i=1 Rr= 55671 Ibs/ft
For Re-| 55,671 |Ibslft Active Driving Horizontal Force, Hyora=| 29,808 |Ibs/ft Sliding is
Check Bearing Pressure Table 2
Group Vror(Ib/ft) My(ft-1bs/ft) My(ft-1bs/ft) e (ft) B' Quniform(psT) e (ft)

Strength I-b 117,634 324,942  -342,532 0.15 19.70 5,971 0.15

Service I 86,713 227,482 -236,686 0.11 19.79 4,382 0.11
*Strength IV 113,098 290,397  -280,341 0.09 19.82 5,706 0.09 Max Gunitorm (PSf) = 5,971 |

" Resistace factors from AASHTO LRFD, Table 11.5.7-1

2 Load factors and load combinations from AASHTO LRFD, Table 3.4.1-1, Table 3.4.1-2 & Section C3.4.1 pg 3-11 & 3-12
3 Vertical Traffic Loads (PisvaPish.) & horizontal wind loads (WS) are not included in overturning analys

“ Live Vertical Loads (PLLv, PLsv,& Pisn,) & horizontal wind loads (WS) are not included in sliding analysis

* Strength IV does not apply (Superstructure DL/LL<7.0)
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CLIENT  ODOT District 6 JOB NUMBER 1021-1005.01

3 D I : Z PROJECT FRA-70-14.48 SHEET NO. 1 OF 5
7 SUBJECT FRA-71-1716- Forward Abutment COMP. BY BTA  DATE 06/05/13

Boring Overburden CHECKEDBY ~ EWT DATE  06/06/13
Based on Boring B-287-2-10 Existing Fndn Load™ pst Bearing Depth =~ 754.5 ft Water Elev. ~ 770.6 ft
____________________ Toal Mid-Pt
i Layer Zone (ft) Elev (ft) Ym (pcf) Hc (ft)
V4 A 7851 to 7616 - 130 -
L J B 7616  to 7545 - 120 -
I [ sus C 7545  to 7445 749.5 120 10
“““““ i D 7445  to 7345 739.5 120 10
--------- s-i-l2 E 7345  to 7245 729.5 120 10
_________ eyl Y F 7245  to 7181 7213 120 6.4
_________ 1245 G 7181  to  708.1 713.1 130 10
_________ e H 708.1 to  695.1 701.6 130 13
______________ 6

Calculate Existing Load

Point 1
0'o1  =2902 psf + (754.5' - 749.5")(120 pcf - 62.4 pcf)
= 2902 psf + (5.0")(57.6 pcf)

=3190 psf
Point 2
0'sy =3190 psf + (749.5' - 739.5")(120 pcf - 62.4 pcf)
= 3190 psf + (10.0")(57.6 pcf)
= 3766 psf
Point 3
0's3 =3766 psf+ (739.5' - 729.5)(120 pcf - 62.4 pcf)
= 3766 psf + (10.0")(57.6 pcf)
= 4342 psf
Point 4
0'oa =4342 psf+(729.5' - 721.3")(120 pcf - 62.4 pcf)
= 4342 psf + (8.2")(57.6 pcf)
= 4814 psf
Point 5
=4814 psf + (721.3'- 718.1")(120 pcf - 62.4 pcf) + (718.1' - 713.1")(130 pcf - 62.4 pcf)
= 4814 psf + (3.2")(57.6 pcf) + (5.0')(67.6 pcf)
= 5336 psf
Point 6

=5336 psf + (713.1' - 701.6')(130 pcf - 62.4 pcf)
= 5336 psf + (11.5")(67.6 pcf)
=6113 psf




CLIENT  ODOT District 6 JOB NUMBER 1021-1005.01

3 D I : Z PROJECT FRA-70-14.48 SHEET NO. 2 OF 5
7 SUBJECT FRA-71-1716- Forward Abutment COMP. BY BTA  DATE 06/05/13

Existing Overburden CHECKED BY EWT DATE 06/06/13
Based on Boring B-287-2-10 Existing Fndn Load™ Bearing Depth =~ 754.5 ft Water Elev. ~ 770.6 ft
____________________ T ] Mid-Pt
i Layer Zone (ft) Elev (ft) Ym (pcf) Hc (ft)
"4 A 785.6 to 761.6 - 130 -
I L dales B 761.6 to 754.5 - 120 -

I | 1 oy C 7545  to 7445 749.5 120 10
“““““ Al D 7445  to 7345 739.5 120 10
_________ T E 734.5 to 724.5 729.5 120 10
_________ v F 7245 to  718.1 721.3 120 6.4
_________ 124511 4 G 718.1 to 708.1 713.1 130 10
_________ v P H 7081 to  695.1 701.6 130 13
_________ e

Calculate Existing Load
Point 1

0'o1 =2967 psf + (754.5' - 749.5")(120 pcf - 62.4 pcf)

= 2967 psf + (5.0)(57.6 pcf)
= 3255 psf
Point 2

0'sy =3255psf+(749.5' - 739.5)(120 pcf - 62.4 pcf)

= 3255 psf + (10.0")(57.6 pcf)
= 3831 psf
Point 3

0oz =3831 psf+(739.5' - 729.5)(120 pcf - 62.4 pcf)

= 3831 psf + (10.0")(57.6 pcf)
= 4407 psf
Point 4
0'oa =4407 psf + (729.5' - 721.3")(120 pcf - 62.4 pcf)
= 4407 psf + (8.2")(57.6 pcf)
= 4879 psf
Point 5
= 4879 psf + (721.3'- 718.1")(120 pcf - 62.4 pcf) + (718.1' - 713.1")(130 pcf - 62.4 pcf)
= 4879 psf + (3.2")(57.6 pcf) + (5.0")(67.6 pcf)
= 5401 psf
Point 6

=5401 psf + (713.1' - 701.6")(130 pcf - 62.4 pcf)
= 5401 psf + (11.5")(67.6 pcf)
=6178 psf




CLIENT  ODOT District 6 JOB NUMBER 1021-1005.01

PROJECT FRA-70-14.48 SHEET NO. 3 OF 5
SUBJECT FRA-71-1716- Forward Abutment COMP. BY BTA  DATE 06/05/13
Proposed Overburden CHECKED BY EWT DATE 06/06/13
Based on Boring B-287-2-10 Foundation Load” 1044 pst Bearing Depth =~ 754.5 ft Water Elev. ~ 754.5 ft
i Mid-Pt
il Layer Zone (ft) Elev (ft) Ym (pch) Hc (ft) i*
A 785.6 to 754.5 - 120 -
B 754.5 to 744.5 749.5 120 10 1.00
I o e e C 7445  to 7345 739.5 120 10 0.65
""""" S D 734.5 to 724.5 729.5 120 10 0.45
_________ T E 724.5 to 718.1 721.3 120 6.4 0.36
_________ T, F 7181  to  708.1 713.1 130 10 0.30
_________ 7245 G 708.1 to 695.1 701.6 130 13 0.24
--------- i
e M
Calculate Proposed Load @ - fndn load at center of footing
Point 1 " - see settlement calcs for determination of i values

0'o1 =3732psf +(754.5' - 749.5")(120 pcf - 62.4 pcf) + (1044 psh)(1)
= 3732 psf + (5.0")(57.6 pcf) + (1044 psf)
= 5064 psf

Point 2
0'sy =4020 psf + (749.5' - 739.5")(120 pcf - 62.4 pcf) + (1044 psf)(0.65)
= 4020 psf + (10.0")(57.6 pcf) + (679 psf)
= 5274.6 psf

Point 3
0oz =4596 psf + (739.5' - 729.5)(120 pcf - 62.4 pcf) + (1044 psf)(0.45)
= 4596 psf + (10.0")(57.6 pcf) + (470 psf)
=5641.8 psf

Point 4
0'oa =5172psf+(729.5' - 721.3")(120 pcf - 62.4 pcf) + (1044 psf)(0.36)
= 5172 psf + (8.2")(57.6 pcf) + (376 psf)

=6019.84 psf
Point 5
= 5644 psf + (721.3'- 718.1")(120 pcf - 62.4 pcf) + (718.1' - 713.1)(130 pcf - 62.4 pcf) + (1044 psf)(0.3)
= 5644 psf + (3.2")(57.6 pcf) + (5.0")(67.6 pcf) + (313 psf)
=6479.2 psf
Point 6

= 6166 psf + (713.1' - 701.6')(130 pcf - 62.4 pcf) + (1044 psf)(0.24)
= 6166 psf + (11.5")(67.6 pcf) + (251 psf)
=7193.56 psf




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01
PROJECT FRA-70-14.48 SHEET NO. 4 OF 5
SUBJECT FRA-71-1716- Forward Abutment COMP. BY BTA DATE 06/05/13
Settlement CHECKEDBY EWT DATE 06/06/13
Proposed Loading
Assume loading = 1044 psf
Assume width = 19.8 ft
0 5.0' = 0258
Point1 (749.5') Depth= (754.5' - 749.5') =5.0' > 19.8' ' - i= 1.00 Fig10.6.2.4.1-1a(10-49)
1 o', + Ao,
Granular - AH= H, log( ) C\= 0.77log( )= 0.85  Ngo= 64  Nlg= 64* 0.85 =54.1
c o'y 3.2
C'=185 Fig 10.6.2.4.2-1 (10-52) "Well graded silty sand and gravel”
1 5.1 ksf
AH= 10.0' lo =0.010ft =0.12in SH=0.12in
185 833kt
0 15.0' _ 0.76B
Point2 (739.5') Depth= (754.5' - 739.5') =150 - 19.8' ' > i= 0.65 Fig10.6.2.4.1-1a(10-49)
1 o'y + Ao,
Granular - AH= H, log( ) — Cv= 0.77log( )= 0.79  Ngo= 73  Nlg=73* 0.79 =57.6
c' o', 3.8
C'=202 Fig 10.6.2.4.2-1 (10-52) "Well graded silty sand and gravel"
1 .
AH= 10.0' log( il ) =0.007ft =0.08in SH=0.21in
202 3.8 ksf
0 250' | e
Point3 (729.5') Depth= (754.5' - 729.5') =25.0' > 19.8' ' - i= 0.45 Fig10.6.2.4.1-1a(10-49)
1 o', + Ao,
Granular - AH= H, = log( ) C\= 0.77log( 73 )= 0.74  Ngo= 63 Nlg=63* 0.74 =46.7
o )
C'=157 Fig 10.6.2.4.2-1 (10-52) "Well graded silty sand and gravel"
1 5.6 ksf
AH= 10.0' log( > ) =0.007ft =0.08in SH=0.29in
157 4.4 ksf
0 33.2" 1.68B
Point4 (721.3') Depth= (754.5' - 721.3') =33.2' > 19.8' ' > i= 0.36 Fig10.6.2.4.1-1a(10-49)
1 o'y + Ao,
Granular - AH= H, = log( ) — Cv= 0.77log( 18 )= 0.71  Ng= 86  N1lg=86* 0.71 =60.9
o .
C'=217 Fig 10.6.2.4.2-1 (10-52) "Well graded silty sand and gravel"
1 .
AH= 6.4' log( SO ) =0.003ft =0.03in SH=0.32in
217 4.9 ksf




CLIENT  ODOT District 6 JOB NUMBER 1021-1005.01

PROJECT FRA-70-14.48 SHEET NO. 5 OF 5
SUBJECT FRA-71-1716- Forward Abutment COMP. BY BTA  DATE 06/05/13
Settlement CHECKEDBY EWT DATE 06/06/13

Proposed Loading
Assume loading = 1044 psf
Assume width = 19.8 ft

41.4'

. 3 3 ; , — = 2.09B . ,
Point5 (713.1") Depth= (754.5' - 713.1') =41.4" > 19.8 - i= 0.30 |Fig10.6.2.4.1-1a(10-49)
. H, o's wcC 15 2.75*WC  2.75x 15
Cohesive > S=— C, log( ) C= = = 0.015 e,= = = 0.413
l+e, o', 1000 1000 100 100
C,, e, - FHWA Soils and Foundations (PG 152)
10.0 ft 6.5 ksf
Se————  0.015 log(————— ) =0.008ft =0.10i JH=0.42i
1+ 0.4125 iyl " "
Point6 (701.6") Depth= (754.5' - 701.6') =52.9' > 19.8 ' -> 0.24 Fig 10.6.2.4.1-1a (10-49)
. Hc o's e 20 2.75*WC  2.75x 20
Cohesive - S=— C, log( ) C.= = = 0.020 e,= = = 0.550
1l+e, o', 1000 1000 100 100
C,, e, - FHWA Soils and Foundations (PG 152)
13.0 ft .
S&=— 0.02 Iog(Lks}c ) =0.011ft =0.13in JH=0.55in

1+ 0.55 6.2 ksf




Material Soil Type ¢ (psf) (deg) ¢’ (psf) ¢’ (deg) 7 (pef)
Material 1 Embankment Fill 0 30 0 30 120
Material 2 V. Dense A-1-b 0 36 0 36 120
Critical Failure Surface—Seismic, FS=1.4
Critical Failure Surface—Drained, FS=1.5
DW+DL+LL
Bridoe 1716 WL = (Live load = 250 psf) Elov. 786.4
Station 37+54.01 Ws1 \
Forward Abutment T /
EXPLORATORY BORING /) @
B-287-2-10 Aty /
- /
/
20.0* /A
&\
M / X\ Elev. 754.5
o N~
//ﬂ/ﬂ IIIII V\\\\ @
Elev. 718.1
GLOBAL STABILITY EVALUATION
FRA—70—14.48
FRA-71-1716 BRIDGE
0 10 DLZ Ohio, Inc. STATION 37+54.01

20

$DLZ

Engineers < Architects -Scientists
Planners . Surveyors

6121 Huntley Road ¢ Columbus, Ohio 43229-1003

Phone (614)888-0040 « Fax (614)848-6712
www.dlzcorp.com

Global Stabilty — Forward Abutment
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Pier 1



13-Jun-13 Bridge 1716
PIER #1 EHmoment acts as a driving force, all other horizontal loads as driving forces, and vertical loads times eccentricity as resisting forces per ms e-mail dated June 11, 2013 Footing dimensions provided by ms:
Units inkips | Unfactored LL | Unfactored DL | Unfactored DW | Self Weight | Unfactored WS Footing Factored LL | Factored DL | Factored DW |F.Self Weight | Factored WS |F. Footing Initial eccentricity provided by ms= 3.5 ft
Service Case Factors LL Case 1 359 4,445 632 1,384 0 882 359 4,445 632 1384 0 882 Footing length= 105.0 ft
LL Case 2 583 4,445 632 1,384 0 882 583 4,445 632 1384 0 882 Footing width= 14.0 ft
WL 1 LLCase 3 457 4,445 632 1,384 0 882 457 4,445 632 1384 0 882 Toe width= 9.0 ft
ws 0.3 Heel width= 2.0ft
T 1 Pier column width= 3.0 ft
L 1
LS 1 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LL moment DL moment DW moment Self moment BR moment F. WL moment | F. WS moment [ F. EH moment | F. CE moment | F. TU moment | F.LL moment F. DL moment F. DW moment [F. Self moment F BR moment
bcC 1 LLCase 1 45 0 0 167 285 14,478 6,580 392 0 0 LLCase 1 45 0 0 167 285 14,478 6,580 392 0 0
EH 1 LL Case 2 45 0 0 271 285 14,704 6,580 392 0 0 LL Case 2 45 0 0 271 285 14,704 6,580 392 0 [
. Factored Transverse
CE 1 LLCase 3 45 0 0 213 285 16,152 6,580 392 0 0 Transverse Loadlng LL Case 3 45 0 0 213 285 16,152 6,580 392 0 [ R
Loading
bW 1
BR 1
W= 14.00
LL Case 1
L= 105.00 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LS moment DL moment DW moment | Self moment BR moment F.WLmoment | F. WS moment | F. EH moment | F. CE moment | F. TU moment | F.LL moment F. DL moment F.DW moment |F. Self moment| F BR moment
W= 14.00 LLCase 1 173 1,476 1,476 23 2,058 824 0 0 0 0 LLCase 1 173 443 1,476 23 2,058 824 0 [ 0 0
LL Case 2
L= 105.00 LL Case 2 173 1,476 1,476 38 2,058 824 0 0 0 0 LL Case 2 173 443 1,476 38 2,058 824 0 0 0 0
— . Factored Longitudinal
W= 14.00 LL Case 3 173 1,476 1,476 29 2,058 824 0 0 0 0 Longitudinal Loading LL Case 3 173 443 1,476 29 2,058 824 0 0 0 0 N
LL Case 3 Loading
L= 105.00
Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e
LL Case 1 21,947 7,702 2.85 Loading Pressure
LL Case 2 22,277 7,926 2.81 Based on Effective Footing Size
W' = 9.10 LL Case 3 23,667 7,800 3.03 Factored Transverse Loading
LL Case 1
L'= 99.30 LL Case 1 8,524|psf
W '= 9.04 LL Case 2 8,819|psf
LL Case 2
L'= 99.38 LLCase 3 8,689|psf
W' 9.07
LL Case 3
L'= 98.93 Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e
LLCase 1 -18,873 7,702 -2.45
LL Case 2 -19,642 7,926 -2.48
LL Case 3 -19,210 7,800 -2.46 Factored Longitudinal Loading
Footing thickness h=

UNFACTORED resisting moments from vertical loads times initial eccentricity

Units in kip-ft LL moment DL moment DW moment Self moment

LL Case 1 -1,257 -15,558 2,212 -4,844

LL Case 2 -2,041 -15,558 2,212 -4,844

LL Case 3 -1,600 -15,558 2,212 -4,844 Longitudinal Loading

FACTORED resisting moments from vertical loads times initial eccentricity

Units in kip-ft LL moment DL moment DW moment | Self moment

LL Case 1 -1,257 -15,558 2,212 -4,844

LL Case 2 -2,041 -15,558 2,212 -4,844

LL Case 3 -1,600 -15,558 2,212 -4,844 Longitudinal Loading




13-Jun-13
PIER #1

Bridge 1716

EHmoment acts as a driving force, all other horizontal loads as driving forces, and vertical loads times eccentricity as resisting forces per ms e-mail dated June 11, 2013

Footing dimensions provided by ms:

Unitsinkips | Unfactored LL | Unfactored DL | Unfactored DW | Self Weight | Unfactored WS Footing Factored LL | Factored DL | Factored DW |F. Self Weight Factored WS |F. Footing Initial eccentricity provided by ms= 35 ft
Strength I-a Case Factors LLCase 1 359 4,445 632 1,384 0 882 628 4,001 410.8 12456 0 793.8 Footing length= 105.0 ft
LL Case 2 583 4,445 632 1,384 0 882 1,020 4,001 410.8 12456 0 793.8 Footing width= 14.0 ft
WL 0 LLCase 3 457 4,445 632 1,384 0 882 800 4,001 410.8 12456 0 793.8 Toe width= 9.0 ft
ws 0 Heel width= 20 ft
U 05 Pier column width= 30 ft
L 175
LS 1.75 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LL moment DL moment DW moment Self moment BR moment F. WLmoment [ F. WS moment | F. EH moment | F. CEmoment | F. TU moment [ F.LL moment F. DL moment F. DW moment [F. Self moment| F BR moment
bc 09 LLCase 1 45 0 0 167 285 14,478 6,580 392 0 0 LLCase 1 0 0 0 292 143 25,337 5,922 255 0 0
EH 15 LL Case 2 45 0 0 271 285 14,704 6,580 392 [ 0 LL Case 2 0 0 0 474 143 25,732 5,922 255 0 0
. Factored Transverse
CE 1.75 LLCase 3 45 0 0 213 285 16,152 6,580 392 0 0 Transverse Loadlng LL Case 3 0 0 0 373 143 28,266 5,922 255 0 0 .
d Loading
ow 065
BR 175
W= 14.00
LLCase 1
L= 105.00 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LS moment DL moment DW moment Self moment BR moment F. WLmoment [ F. WS moment | F. EH moment | F. CEmoment | F. TU moment [ F.LLmoment F. DL moment F. DW moment [F. Self moment| F BR moment
W= 14.00 LLCase 1 173 1,476 1,476 23 2,058 824 0 0 0 0 LLCase 1 0 0 2,214 40 1,029 1,442 0 0 0 0
LL Case 2
L= 105.00 LL Case 2 173 1,476 1,476 38 2,058 824 0 0 0 0 LL Case 2 0 0 2,214 67 1,029 1,442 0 0 0 0
T . Factored Longitudinal
W= 14.00 LLCase 3 173 1,476 1,476 29 2,058 824 [ 0 [ 0 Longltudlnal Loadlng LL Case 3 0 0 2,214 51 1,029 1,442 0 0 0 0 N
LLCase 3 Loading
L= 105.00
Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e Emax® e<€mayx
LL Case 1 31,948 7,079 4.51 35.00 Yes Loading Pressure
LL Case 2 32,526 7,471 4.35 35.00 Yes Based on Effective Footing Size
Lese1 W' = 9.12 LLCase 3 34,958 7,250 482 35.00 Yes Factored Transverse Loading
ase
L'= 95.97 LL Case 1 8,088|psf
W'= 9.02 LL Case 2 8,606 |psf
LL Case 2
L 96.29 *Eccentricity Check AASHTO 10.6.3.3, 6th Edition LL Case 3 8,381|psf
W'= 9.07
LLCase 3
L= 95.36 Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e . ABS(€)<€pmay
LLCase 1 -17,273 7,079 -2.44 4.67 Yes
LL Case 2 -18,619 7,471 -2.49 4.67 Yes
LLCase 3 -17,863 7,250 -2.46 4.67 Yes Factored Longitudinal Loading
Footing thickness h= 4.00 *Eccentricity Check AASHTO 10.6.3.3, 6th Edition

UNFACTORED resisting moments from

vertical loads times initial eccentricity

Units in kip-ft LL moment DL moment DW moment Self moment

LL Case 1 -1,257 -15,558 2,212 -4,844

LL Case 2 -15,558 2,212 -4,844

LLCase 3 -1,600 -15,558 2,212 -4,844 Longitudinal Loading

FACTORED resisting moments from vertical loads times ii

ial eccentricity

Units in kip-ft LL moment DL moment DW moment | Self moment

LL Case 1 2,199 -14,002 -1,438 -4,360

LL Case 2 3,571 -14,002 -1,438

LL Case 3 2,799 14,002 -1,438 -4,360 Longitudinal Loading




13-Jun-13 Bridge 1716
PIER #1 EHmoment acts as a driving force, all other horizontal loads as driving forces, and vertical loads times eccentricity as ing forces per ms e-mail dated June 11, 2013 Footing di provided by ms:
Unitsinkips | Unfactored LL | Unfactored DL | Unfactored DW | Self Weight | Unfactored WS Footing Factored LL | Factored DL | Factored DW |F. Self Weight Factored WS |F. Footing Initial eccentricity provided by ms= 35 ft
Strength I-b Case Factors LLCase 1 359 4,445 632 1,384 0 882 628 5,556 948 1730 1102.5 Footing length= 105.0 ft
LL Case 2 583 4,445 632 1,384 0 882 1,020 5,556 948 1730 1102.5 Footing width= 14.0 ft
WL 0 LL Case 3 457 4,445 632 1,384 0 882 800 5,556 948 1730 1102.5 Toe width= 9.0 ft
ws 0 Heel width= 20 ft
U 05 Pier column width= 30 ft
L 175
LS 1.75 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LL moment DL moment DW moment Self moment BR moment F. WLmoment [ F. WS moment | F. EH moment | F. CEmoment | F. TU moment [ F.LLmoment F. DL moment F. DW moment [F. Self moment| F BR moment
bc 1.25 LLCase 1 45 0 0 167 285 14,478 6,580 392 0 [ LL Case 1 0 0 0 292 143 25,337 8,225 588 0 0
EH 15 LL Case 2 45 0 0 271 285 14,704 6,580 392 [ 0 LL Case 2 0 0 0 474 143 25,732 8,225 588 0 0
. Factored Transverse
CE 1.75 LLCase 3 45 0 0 213 285 16,152 6,580 392 0 0 Transverse Loadlng LL Case 3 0 0 0 373 143 28,266 8,225 588 0 0 .
d Loading
ow 15
BR 175
W= 14.00
LLCase 1
L= 105.00 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LS moment DL moment DW moment Self moment BR moment F. WLmoment [ F. WS moment | F. EH moment | F. CEmoment | F. TU moment [ F.LLmoment F. DL moment F. DW moment [F. Self moment| F BR moment
W= 14.00 LLCase 1 173 1,476 1,476 23 2,058 824 0 0 0 [ LLCase 1 0 0 2,214 40 1,029 1,442 0 0 0 0
LL Case 2
L= 105.00 LL Case 2 173 1,476 1,476 38 2,058 824 0 0 0 0 LL Case 2 0 0 2,214 67 1,029 1,442 0 0 0 0
- . Factored Longitudinal
W= 14.00 LL Case 3 173 1,476 1,476 29 2,058 824 [ 0 [ 0 Longltudlnal Loadlng LL Case 3 0 0 2,214 51 1,029 1,442 0 0 0 0 N
LLCase 3 Loading
L= 105.00
Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e
LLCase 1 34,584 9,965 3.47 Loading Pressure
LL Case 2 35,162 10,357 339 Based on Effective Footing Size
W' = 8.72 LLCase 3 37,594 10,137 3.71 Factored Transverse Loading
LLCase 1
L'= 98.06 LL Case 1 11,650|psf
W'= 8.66 LL Case 2 12,174|psf
LL Case 2
L 98.21 LL Case 3 11,946 |psf
W'= 8.70
LLCase 3
L= 97.58 Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e
LLCase 1 -26,294 9,965 -2.64
LL Case 2 -27,639 10,357 -2.67
LLCase 3 -26,883 10,137 -2.65 Factored Longitudinal Loading
Footing thickness h= 4.00

UNFACTORED resisting moments from

vertical loads times initial eccentricity

Units in kip-ft LL moment DL moment DW moment Self moment

LL Case 1 1,257 -15,558 2,212 -4,844

LL Case 2 -15,558 2,212 -4,844

LLCase 3 -1,600 -15,558 2,212 -4,844 Longitudinal Loading

FACTORED resisting moments from vertical loads times initial eccentricity

Units in kip-ft LL moment DL moment DW moment | Self moment

LL Case 1 2,199 -19,447 -3,318 6,055

LL Case 2 3,571 -19,447 -3,318

LL Case 3 2,799 19,447 -3,318 -6,055 Longitudinal Loading




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01
g D I : Z PROJECT  FRA-70-14.48 SHEET NO. 1 OF 2
~ SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13
Bearing Capacity - Pier 1 (EHd & LL1) CHECKED BY BTA  DATE 06/10/13
Bearing Depth = 739.0 ft Foot. Width (B') = 8.7 ft Foot. Length (L') = 98.1 ft
Unfactored Dead Load = 6711.00 kips Unfactored Live Load = 359.00 kips Load = 78.54 k/If
Unfactored DW = 632.00 kips Dead Load=(DL)+(Self Wt)+(Footing Wt)
Max Factored Dead Load = 8388.75 kips Max Factored Live Load = 628.25 kips F. Load = 101.62 k/If
Max Factored DW = 948.00 kips
Calculate factored bearing resistance (qz) Reference: AASHTO LRFD Bridge Design Specifications
dr = Pu0n Eg. 10.6.3.1.1-1
0n = CNem + YDNgmCuig + 0.5VBN, Cy Eq. 10.6.3.1.2a-1,2,3,4
( Nem= NSeic Ngm = Nqsqdqiq Nym= stviv ) Assume inclination factors (i i ,,i,) = 1.0
40 Eq. 10.4.6.2.4-1
Calc.Cy » 0.77log(— ) >  0.77 log( ) = 0.95
O'vo 2.37
Calc. N1gy > CyNeo Neo= 63 (Boring B-287-1-10) Eq. 10.4.6.2.4-3
Nlgp= 595 > 5= 38° to 43° Use@;= 36° Table 10.4.6.2.4-1
@r= 36° > Ng= 378 N,= 56.3 Table 10.6.3.1.2a-1
Groundwater at 739.0ft - (739'-739") = 0.0' Water is within 1.5B of bearing depth
Cw= 10, C,= 05 Table 10.6.3.1.2a-2
B A B A
s=1-04(—)=1- 04 =09 , s;=1 + (— tan =1+ tan 362 ) = 1.06
, () ( ) F1+ (T tang ) (—5g g tan362)
dg= 1.0 Table 10.6.3.1.20-4
d,=0+ (120.0 pcf) (4.0ft) (37.8) (1.06) (1.0) (1.0) + (0.5) (120.0 pcf) (8.7 ft) (56.3) (0.96) (0.5)
d,= 19316 + 14204 Fora 8.7 ft wide footing (eff. width 87ft ) an= 33.5 ksf
Resistance Factor (¢,) = 0.45 strength limit state Section 10.5.5.2
Table 10.5.5.2.2-1
Odr = ®pdn = (0.45) (33.5ksf) = 15.1 ksf > 11.7 ksf (= 101.62 k/If / 8.7ft )




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

D I : Z PROJECT  FRA-70-14.48 SHEET NO. 2 OF 2
SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13
Sliding - Pier 1 (EHd & LL1) CHECKED BY BTA DATE 06/10/13
Sliding (Rg)
Rr = OR, = @R + @ Rep assume passive resistance, R, is 0 Eq. 10.6.3.4-1
Cohesionless foundation soil - nominal sliding resistance R,=V tan § Eq. 10.6.3.4-2
tan 6 = 1.0 *tan o for concrete cast against soil Section 10.6.3.4
=1.0 * tan36 =0.73
Resistance factor (¢.):
concrete on sand - ¢o.= 0.80 Table 10.5.5.2.2-1
Foot. Length (L') = 96.0 ft —> Effective Footing Length based on Strength I-a
Foot. Width (W') = 9.1ft -> Effective Footing Width based on Strength I-a
Sum of Factored Transverse Loads= 11.5 kips
Sum of Factored Longitudinal Loads= 1367.8  kips
Resultant of Total Factored Transverse
and Longitudinal Loads= 1367.8 kips
Sum of Factored Vertical loads, Vo= 7079.0 kips

R:= Vior tandy
R.= 5143 kips

For Rg=| 4,115 kips Active Driving Horizontal Force, Hor = 1367.8 kips

Conservatively, the absolute magnitude of the

SLIDING IS: horizontal forces were used to determine

the active driving horizontal force.

Note: No active or passive soil forces were included in the analysis

Loading Information Provided: Strength I-a
Transverse Loads at Pier Location: Longitudinal Loads at Pier Location: Load Factors:
WL= 1.0 kips WL= 5.0 kips 0
WS= 28.0 kips WS=  703.0 kips 0
EH= 0.0 kips EH=  703.0 kips (Driving force like 1.5
CE+LS= 4.0 kips CE+LS= 161.0 kips others) 1.75 CE and LS
TU= 9.0 kips TU= 63.0 kips 0.5
BR= 0 kips BR= 0  kips 1.75
Vertical Unfactored LL= 359.0ft  kips 1.75
Vertical Unfactored DL= 6711.0ft kips 0.9

Verical Unfactored DW= 632.0ft  kips 0.65




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01
g D I : Z PROJECT  FRA-70-14.48 SHEET NO. 1 OF 2
~ SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13
Bearing Capacity - Pier 1 (EHd & LL2) CHECKED BY BTA  DATE 06/10/13
Bearing Depth = 739.0 ft Foot. Width (B') = 8.7 ft Foot. Length (L') = 98.2 ft
Unfactored Dead Load = 6711.00 kips Unfactored Live Load = 583.00 kips Load = 80.70 k/If
Unfactored DW = 632.00 kips Dead Load=(DL)+(Self Wt)+(Footing Wt)
Max Factored Dead Load = 8388.75 kips Max Factored Live Load = 1020.25 kips F. Load = 105.46 k/If
Max Factored DW = 948.00 kips
Calculate factored bearing resistance (qz) Reference: AASHTO LRFD Bridge Design Specifications
dr = Pu0n Eg. 10.6.3.1.1-1
0n = CNem + YDNgmCuig + 0.5VBN, Cy Eq. 10.6.3.1.2a-1,2,3,4
( Nem= NSeic Ngm = Nqsqdqiq Nym= stviv ) Assume inclination factors (i i ,,i,) = 1.0
40 Eq. 10.4.6.2.4-1
Calc.Cy » 0.77log(— ) >  0.77 log( ) = 0.95
O'vo 2.37
Calc. N1gy > CyNeo Neo= 63 (Boring B-287-1-10) Eq. 10.4.6.2.4-3
Nlgp= 595 > 5= 38° to 43° Use@;= 36° Table 10.4.6.2.4-1
@r= 36° > Ng= 378 N,= 56.3 Table 10.6.3.1.2a-1
Groundwater at 739.0ft - (739'-739") = 0.0' Water is within 1.5B of bearing depth
Cw= 10, C,= 05 Table 10.6.3.1.2a-2
B A B A
s=1-04(—)=1- 04 =09 , s;=1 + (— tan =1+ tan 362 ) = 1.06
, () ( ) S1+ (T tang ) (—5g5 tan362)
dg= 1.0 Table 10.6.3.1.20-4
d,=0+ (120.0 pcf) (4.0ft) (37.8) (1.06) (1.0) (1.0) + (0.5) (120.0 pcf) (8.7 ft) (56.3) (0.96) (0.5)
d,= 19306 + 14111 Fora 8.7 ft wide footing (eff. width 87ft ) an,= 33.4 ksf
Resistance Factor (¢,) = 0.45 strength limit state Section 10.5.5.2
Table 10.5.5.2.2-1
Odr = ®pdn = (0.45) (33.4ksf) = 15.0 ksf > 12.2 ksf (= 105.46 k/If / 8.7ft )




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

D I : Z PROJECT  FRA-70-14.48 SHEET NO. 2 OF 2
SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13
Sliding - Pier 1 (EHd & LL2) CHECKED BY BTA DATE 06/10/13
Sliding (Rg)
Rr = OR, = @R + @ Rep assume passive resistance, R, is 0 Eq. 10.6.3.4-1
Cohesionless foundation soil - nominal sliding resistance R,=V tan § Eq. 10.6.3.4-2
tan 6 = 1.0 *tan o for concrete cast against soil Section 10.6.3.4
=1.0 * tan36 =0.73
Resistance factor (¢.):
concrete on sand - ¢o.= 0.80 Table 10.5.5.2.2-1
Foot. Length (L') = 96.3 ft —> Effective Footing Length based on Strength I-a
Foot. Width (W') = 9.0ft -> Effective Footing Width based on Strength I-a
Sum of Factored Transverse Loads= 15.0 kips
Sum of Factored Longitudinal Loads= 1367.8  kips
Resultant of Total Factored Transverse
and Longitudinal Loads= 1367.8 kips
Sum of Factored Vertical loads, Vo= 7471.0 kips

R:= Vior tandy
R.= 5428 kips

For Rg= Active Driving Horizontal Force, Hor = 1367.8 kips

Conservatively, the absolute magnitude of the

SLIDING IS: horizontal forces were used to determine

the active driving horizontal force.

Note: No active or passive soil forces were included in the analysis

Loading Information Provided: Strength I-a
Transverse Loads at Pier Location: Longitudinal Loads at Pier Location: Load Factors:
WL= 1.0 kips WL= 5.0 kips 0
WS= 28.0 kips WS=  703.0 kips 0
EH= 0.0 kips EH=  703.0 kips (Driving force like 1.5
CE+LS= 6.0 kips CE+LS= 161.0 kips others) 1.75 CE and LS
TU= 9.0 kips TU= 63.0 kips 0.5
BR= 0 kips BR= 0 kips 1.75
Vertical Unfactored LL= 583.0ft  kips 1.75
Vertical Unfactored DL= 6711.0ft kips 0.9

Verical Unfactored DW= 632.0ft  kips 0.65




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01
g D I : Z PROJECT  FRA-70-14.48 SHEET NO. 1 OF 2
~ SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13
Bearing Capacity - Pier 1 (EHd & LL3) CHECKED BY BTA  DATE 06/10/13
Bearing Depth = 739.0 ft Foot. Width (B') = 8.7 ft Foot. Length (L') = 97.6 ft
Unfactored Dead Load = 6711.00 kips Unfactored Live Load = 457.00 kips Load = 79.93 k/If
Unfactored DW = 632.00 kips Dead Load=(DL)+(Self Wt)+(Footing Wt)
Max Factored Dead Load = 8388.75 kips Max Factored Live Load = 799.75 kips F. Load = 103.88 k/If
Max Factored DW = 948.00 kips
Calculate factored bearing resistance (qz) Reference: AASHTO LRFD Bridge Design Specifications
dr = Pu0n Eg. 10.6.3.1.1-1
0n = CNem + YDNgmCuig + 0.5VBN, Cy Eq. 10.6.3.1.2a-1,2,3,4
( Nem= NSeic Ngm = Nqsqdqiq Nym= stviv ) Assume inclination factors (i i ,,i,) = 1.0
40 Eq. 10.4.6.2.4-1
Calc.Cy » 0.77log(— ) >  0.77 log( ) = 0.95
Oyvo 2.37
Calc. N1gy > CyNeo Neo= 63 (Boring B-287-1-10) Eq. 10.4.6.2.4-3
Nlgp= 595 > 5= 38° to 43° Use@;= 36° Table 10.4.6.2.4-1
@r= 36° > Ng= 378 N,= 56.3 Table 10.6.3.1.2a-1
Groundwater at 739.0ft - (739'-739") = 0.0' Water is within 1.5B of bearing depth
Cw= 10, C,= 05 Table 10.6.3.1.2a-2
B A B A
s=1-04(—)=1- 04 =09 , s;=1 + (— tan =1+ tan 362 ) = 1.06
, () ( ) F1+ (T tang ) (—57 g tan362)
dg= 1.0 Table 10.6.3.1.20-4
d,=0+ (120.0 pcf) (4.0ft) (37.8) (1.06) (1.0) (1.0) + (0.5) (120.0 pcf) (8.7 ft) (56.3) (0.96) (0.5)
d,= 19319 + 14170 Fora 8.7 ft wide footing (eff. width 87ft ) an= 33.5 ksf
Resistance Factor (¢,) = 0.45 strength limit state Section 10.5.5.2
Table 10.5.5.2.2-1
Odr = ®pdn = (0.45) (33.5ksf) = 15.1 ksf > 11.9 ksf (= 103.88 k/If / 8.7ft )




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

D I : Z PROJECT  FRA-70-14.48 SHEET NO. 2 OF 2
SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13
Sliding - Pier 1 (EHd & LL3) CHECKED BY BTA DATE 06/10/13
Sliding (Rg)
Rr = OR, = @R + @ Rep assume passive resistance, R, is 0 Eq. 10.6.3.4-1
Cohesionless foundation soil - nominal sliding resistance R,=V tan § Eq. 10.6.3.4-2
tan 6 = 1.0 *tan o for concrete cast against soil Section 10.6.3.4
=1.0 * tan36 =0.73
Resistance factor (¢.):
concrete on sand - ¢o.= 0.80 Table 10.5.5.2.2-1
Foot. Length (L') = 95.4 ft - Effective Footing Length based on Strength I-a
Foot. Width (W') = 9.1ft -> Effective Footing Width based on Strength I-a
Sum of Factored Transverse Loads= 13.3 kips
Sum of Factored Longitudinal Loads= 1367.8  kips
Resultant of Total Factored Transverse
and Longitudinal Loads= 1367.8 kips
Sum of Factored Vertical loads, Vo= 7250.5 kips

R:= Vior tandy
R.= 5268 kips

For Re=| 4,214 kips Active Driving Horizontal Force, Hor = 1367.8 kips

Conservatively, the absolute magnitude of the

SLIDING IS: horizontal forces were used to determine

the active driving horizontal force.

Note: No active or passive soil forces were included in the analysis

Loading Information Provided: Strength I-a
Transverse Loads at Pier Location: Longitudinal Loads at Pier Location: Load Factors:
WL= 1.0 kips WL= 5.0 kips 0
WS= 28.0 kips WS=  703.0 kips 0
EH= 0.0 kips EH=  703.0 kips (Driving force like 1.5
CE+LS= 5.0 kips CE+LS= 161.0 kips others) 1.75 CE and LS
TU= 9.0 kips TU= 63.0 kips 0.5
BR= 0 kips BR= 0  kips 1.75
Vertical Unfactored LL= 457.0ft  kips 1.75
Vertical Unfactored DL= 6711.0ft kips 0.9

Verical Unfactored DW= 632.0ft  kips 0.65




13-Jun-13 Bridge 1716
PIER #1 E} acts as a resisting force, all other horizontal loads as driving forces, and vertical loads times eccentricity as driving forces per ms e-mail dated June 11, 2013 Footing di provided by ms:
Unitsinkips | Unfactored LL | Unfactored DL | Unfactored DW | Self Weight | Unfactored WS Footing Factored LL | Factored DL | Factored DW |F. Self Weight Factored WS |F. Footing Initial eccentricity provided by ms= 35 ft
Service Case Factors LLCase 1 359 4,445 632 1,384 0 882 359 4,445 632 1384 882 Footing length= 105.0 ft
LL Case 2 583 4,445 632 1,384 0 882 583 4,445 632 1384 882 Footing width= 14.0 ft
WL 1 LL Case 3 457 4,445 632 1,384 0 882 457 4,445 632 1384 882 Toe width= 9.0 ft
Ws 03 Heel width= 2.0 ft
TU 1 Pier column width= 3.0 ft
L 1
LS 1 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LL moment DL moment DW moment Self moment BR moment F. WLmoment [ F. WS moment | F. EH moment | F. CEmoment | F. TU moment [ F.LLmoment F. DL moment F. DW moment [F. Self moment| F BR moment
bc 1 LLCase 1 45 0 0 167 285 14,478 6,580 392 0 0 LL Case 1 45 0 0 167 285 14,478 6,580 392 0 0
EH 1 LL Case 2 45 0 0 271 285 14,704 6,580 392 0 0 LL Case 2 45 0 0 271 285 14,704 6,580 392 0 0
. Factored Transverse
CE 1 LLCase 3 45 0 0 213 285 16,152 6,580 392 0 0 Transverse Loadlng LL Case 3 45 0 0 213 285 16,152 6,580 392 0 0 .
Loading
bW 1
BR 1
W= 14.00
LLCase 1
L= 105.00 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LS moment DL moment DW moment Self moment BR moment F. WLmoment [ F. WS moment | F. EH moment | F. CEmoment | F. TU moment [ F.LLmoment F. DL moment F. DW moment [F. Self moment| F BR moment
W= 14.00 LLCase 1 173 1,476 -1,476 23 2,058 824 0 0 0 0 LLCase 1 173 443 -1,476 23 2,058 824 0 0 0 0
LL Case 2
L= 105.00 LL Case 2 173 1,476 -1,476 38 2,058 824 0 0 0 0 LL Case 2 173 443 -1,476 38 2,058 824 0 0 0 0
- . Factored Longitudinal
W= 14.00 LL Case 3 173 1,476 -1,476 29 2,058 824 0 0 [ 0 Longltudlnal Loadlng LL Case 3 173 443 -1,476 29 2,058 824 0 0 0 0 N
LLCase 3 Loading
L= 105.00
Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e
LLCase 1 21,947 7,702 2.85 Loading Pressure
LL Case 2 22,277 7,926 2.81 Based on Effective Footing Size
W' = 7.27 LLCase 3 23,667 7,800 3.03 Factored Transverse Loading
LLCase 1
L'= 99.30 LL Case 1 10,668|psf
W'= 7.26 LL Case 2 10,987 | psf
LL Case 2
L 99.38 LL Case 3 10,851 |psf
W'= 7.27
LLCase 3
L= 98.93 Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e
LLCase 1 25,915 7,702 3.36
LL Case 2 26,714 7,926 3.37
LLCase 3 26,264 7,800 337 Factored Longitudinal Loading
Footing thickness h= 4.00

UNFACTORED resisting moments from

vertical loads times initial eccentricity

Units in kip-ft LL moment DL moment DW moment Self moment

LL Case 1 1,257 15,558 2,212 4,844

LL Case 2 2,041 15,558 2,212 4,844

LLCase 3 1,600 15,558 2,212 4,844 Longitudinal Loading

FACTORED resisting moments from vertical loads times initial eccentricity

Units in kip-ft LL moment DL moment DW moment | Self moment

LLCase 1 1,257 15,558 2,212 4,844

LLCase 2 2,041 15,558 2,212 4,844

LL Case 3 1,600 15,558 2,212 4,844 Longitudinal Loading




13-Jun-13 Bridge 1716
PIER #1 Et acts as a resisting force, all other horizontal loads as driving forces, and vertical loads times eccentricity as driving forces per ms e-mail dated June 11, 2013 Footing di provided by ms:
Unitsinkips | Unfactored LL | Unfactored DL | Unfactored DW | Self Weight | Unfactored WS Footing Factored LL | Factored DL | Factored DW |F. Self Weight Factored WS |F. Footing Initial eccentricity provided by ms= 35 ft
Strength I-a Case Factors LLCase 1 359 4,445 632 1,384 0 882 628 4,001 410.8 12456 0 793.8 Footing length= 105.0 ft
LL Case 2 583 4,445 632 1,384 0 882 1,020 4,001 410.8 12456 0 793.8 Footing width= 14.0 ft
WL 0 LLCase 3 457 4,445 632 1,384 0 882 800 4,001 410.8 12456 0 793.8 Toe width= 9.0 ft
ws 0 Heel width= 20 ft
U 05 Pier column width= 30 ft
L 175
LS 1.75 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LL moment DL moment DW moment Self moment BR moment F. WLmoment [ F. WS moment | F. EH moment | F. CEmoment | F. TU moment [ F.LL moment F. DL moment F. DW moment [F. Self moment| F BR moment
bc 09 LLCase 1 45 0 0 167 285 14,478 6,580 392 0 0 LLCase 1 0 0 0 292 143 25,337 5,922 255 0 0
EH 15 LL Case 2 45 0 0 271 285 14,704 6,580 392 [ 0 LL Case 2 0 0 0 474 143 25,732 5,922 255 0 0
. Factored Transverse
CE 1.75 LLCase 3 45 0 0 213 285 16,152 6,580 392 0 0 Transverse Loadlng LL Case 3 0 0 0 373 143 28,266 5,922 255 0 0 .
d Loading
ow 065
BR 175
W= 14.00
LLCase 1
L= 105.00 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LS moment DL moment DW moment Self moment BR moment F. WLmoment [ F. WS moment | F. EH moment | F. CEmoment | F. TU moment [ F.LLmoment F. DL moment F. DW moment [F. Self moment| F BR moment
W= 14.00 LLCase 1 173 1,476 -1,476 23 2,058 824 0 0 0 0 LLCase 1 0 0 -2,214 40 1,029 1,442 0 0 0 0
LL Case 2
L= 105.00 LL Case 2 173 1,476 -1,476 38 2,058 824 0 0 0 0 LL Case 2 0 0 -2,214 67 1,029 1,442 0 0 0 0
T . Factored Longitudinal
W= 14.00 LLCase 3 173 1,476 -1,476 29 2,058 824 [ 0 0 0 Longltudlnal Loadlng LL Case 3 0 0 -2,214 51 1,029 1,442 0 0 0 0 N
LLCase 3 Loading
L= 105.00
Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e Emax® e<€mayx
LL Case 1 31,948 7,079 4.51 35.00 Yes Loading Pressure
LL Case 2 32,526 7,471 4.35 35.00 Yes Based on Effective Footing Size
oot W' = 7.70 LL Case 3 34,958 7,250 4.82 35.00 Yes Factored Transverse Loading
ase
L'= 95.97 LL Case 1 9,578|psf
W'= 7.66 LL Case 2 10,132|psf
LL Case 2
L 96.29 *Eccentricity Check AASHTO 10.6.3.3, 6th Edition LL Case 3 9,898|psf
W'= 7.68
LLCase 3
L'= 95.36 Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e . e<enax
LLCase 1 22,295 7,079 3.15 267 Yes
LL Case 2 23,694 7,471 3.17 4.67 Yes
LLCase 3 22,906 7,250 3.16 4.67 Yes Factored Longitudinal Loading
Footing thickness h= 4.00 *Eccentricity Check AASHTO 10.6.3.3, 6th Edition

UNFACTORED driving moments from vertical loads times initial eccentricity

Units in kip-ft LL moment DL moment DW moment Self moment

LL Case 1 1,257 15,558 2,212 4,844

LL Case 2 2,041 15,558 2,212 4,844

LLCase 3 1,600 15,558 2,212 4,844 Longitudinal Loading

FACTORED driving moments from vertical loads times initial eccentricity

Units in kip-ft LL moment DL moment DW moment | Self moment

LLCase 1 2,199 14,002 1,438 4,360

LLCase 2 3,571 14,002 1,438 4,360

LL Case 3 2,799 14,002 1,438 4,360 Longitudinal Loading




13-Jun-13 Bridge 1716
PIER #1 E} acts as a resisting force, all other horizontal loads as driving forces, and vertical loads times eccentricity as driving forces per ms e-mail dated June 11, 2013 Footing di provided by ms:
Unitsinkips | Unfactored LL | Unfactored DL | Unfactored DW | Self Weight | Unfactored WS Footing Factored LL | Factored DL | Factored DW |F. Self Weight Factored WS |F. Footing Initial eccentricity provided by ms= 35 ft
Strength I-b Case Factors LLCase 1 359 4,445 632 1,384 0 882 628 5,556 948 1730 0 1102.5 Footing length= 105.0 ft
LL Case 2 583 4,445 632 1,384 0 882 1,020 5,556 948 1730 0 1102.5 Footing width= 14.0 ft
WL 0 LL Case 3 457 4,445 632 1,384 0 882 800 5,556 948 1730 0 1102.5 Toe width= 9.0 ft
ws 0 Heel width= 20 ft
U 05 Pier column width= 30 ft
L 175
LS 1.75 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LL moment DL moment DW moment Self moment BR moment F. WLmoment [ F. WS moment | F. EH moment | F. CEmoment | F. TU moment [ F.LLmoment F. DL moment F. DW moment [F. Self moment| F BR moment
bc 1.25 LLCase 1 45 0 0 167 285 14,478 6,580 392 0 [ LL Case 1 0 0 0 292 143 25,337 8,225 588 0 0
EH 15 LL Case 2 45 0 0 271 285 14,704 6,580 392 [ 0 LL Case 2 0 0 0 474 143 25,732 8,225 588 0 0
. Factored Transverse
CE 1.75 LLCase 3 45 0 0 213 285 16,152 6,580 392 0 0 Transverse Loadlng LL Case 3 0 0 0 373 143 28,266 8,225 588 0 0 .
d Loading
ow 15
BR 175
W= 14.00
LLCase 1
L= 105.00 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LS moment DL moment DW moment Self moment BR moment F. WLmoment [ F. WS moment | F. EH moment | F. CEmoment | F. TU moment [ F.LLmoment F. DL moment F. DW moment [F. Self moment| F BR moment
W= 14.00 LLCase 1 173 1,476 -1,476 23 2,058 824 0 0 0 0 LLCase 1 0 0 -2,214 40 1,029 1,442 0 0 0 0
LL Case 2
L= 105.00 LL Case 2 173 1,476 -1,476 38 2,058 824 0 0 0 0 LL Case 2 0 0 -2,214 67 1,029 1,442 0 0 0 0
- . Factored Longitudinal
W= 14.00 LL Case 3 173 1,476 -1,476 29 2,058 824 0 0 [ 0 Longltudlnal Loadlng LL Case 3 0 0 -2,214 51 1,029 1,442 0 0 0 0 N
LLCase 3 Loading
L= 105.00
Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e
LLCase 1 34,584 9,965 3.47 Loading Pressure
LL Case 2 35,162 10,357 3.39 Based on Effective Footing Size
W' = 7.71 LLCase 3 37,594 10,137 3.71 Factored Transverse Loading
LLCase 1
L'= 98.06 LL Case 1 13,172|psf
W'= 7.68 LL Case 2 13,727|psf
LL Case 2
L 98.21 LL Case 3 13,489 |psf
W'= 7.70
LLCase 3
L= 97.58 Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e
LLCase 1 31,316 9,965 3.14
LL Case 2 32,714 10,357 3.16
LLCase 3 31,927 10,137 3.15 Factored Longitudinal Loading
Footing thickness h= 4.00

UNFACTORED driving moments from vertical loads times initial eccentricity

Units in kip-ft LL moment DL moment DW moment Self moment

LL Case 1 1,257 15,558 2,212 4,844

LL Case 2 2,041 15,558 2,212 4,844

LLCase 3 1,600 15,558 2,212 4,844 Longitudinal Loading

FACTORED driving moments from vertical loads times initial eccentricity

Units in kip-ft LL moment DL moment DW moment | Self moment

LL Case 1 2,199 19,447 3,318 6,055

LL Case 2 3,571 19,447 3,318 6,055

LL Case 3 2,799 19,447 3,318 6,055 Longitudinal Loading




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01
g D I : Z PROJECT  FRA-70-14.48 SHEET NO. 1 OF 2
~ SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13
Bearing Capacity - Pier 1 (EHr & LL1) CHECKED BY BTA  DATE 06/10/13
Bearing Depth = 739.0 ft Foot. Width (B') = 7.7 ft Foot. Length (L') = 98.1 ft
Unfactored Dead Load = 6711.00 kips Unfactored Live Load = 359.00 kips Load = 78.54 k/If
Unfactored DW = 632.00 kips Dead Load=(DL)+(Self Wt)+(Footing Wt)
Max Factored Dead Load = 8388.75 kips Max Factored Live Load = 628.25 kips F. Load = 101.62 k/If
Max Factored DW = 948.00 kips
Calculate factored bearing resistance (qz) Reference: AASHTO LRFD Bridge Design Specifications
dr = Pu0n Eg. 10.6.3.1.1-1
0n = CNem + YDNgmCuig + 0.5VBN, Cy Eq. 10.6.3.1.2a-1,2,3,4
( Nem= NSeic Ngm = Nqsqdqiq Nym= stviv ) Assume inclination factors (i i ,,i,) = 1.0
40 Eq. 10.4.6.2.4-1
Calc.Cy » 0.77log(— ) >  0.77 log( ) = 0.95
Oyvo 2.37
Calc. N1gy > CyNeo Neo= 63 (Boring B-287-1-10) Eq. 10.4.6.2.4-3
Nlgp= 595 > 5= 38° to 43° Use@;= 36° Table 10.4.6.2.4-1
@r= 36° > Ng= 378 N,= 56.3 Table 10.6.3.1.2a-1
Groundwater at 739.0ft - (739'-739") = 0.0' Water is within 1.5B of bearing depth
Cw= 10, C,= 05 Table 10.6.3.1.2a-2
B A B A
s=1-04(—)=1- 04 =097 ,s.=1+ (— tan =1+ tan 362 ) = 1.06
, () ( ) S1+ (T tang ) (—5g 7 tan362)
dg= 1.0 Table 10.6.3.1.20-4
d,=0+ (120.0 pcf) (4.0ft) (37.8) (1.06) (1.0) (1.0) + (0.5) (120.0 pcf) (7.7 ft) (56.3) (0.97) (0.5)
d,= 19180 + 12613 Fora 7.7 ft wide footing (eff. width 77f ) q,= 31.8 ksf
Resistance Factor (¢,) = 0.45 strength limit state Section 10.5.5.2
Table 10.5.5.2.2-1
Odr = ®pdn = (0.45) (31.8ksf) = 14.3 ksf > 13.2 ksf (= 101.62 k/If / 7.7t )




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

D I : Z PROJECT  FRA-70-14.48 SHEET NO. 2 OF 2
SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13
Sliding - Pier 1 (EHr & LL1) CHECKED BY BTA DATE 06/10/13
Sliding (Rg)
Rr = OR, = @R + @ Rep assume passive resistance, R, is 0 Eq. 10.6.3.4-1
Cohesionless foundation soil - nominal sliding resistance R,=V tan § Eq. 10.6.3.4-2
tan 6 = 1.0 *tan o for concrete cast against soil Section 10.6.3.4
=1.0 * tan36 =0.73
Resistance factor (¢.):
concrete on sand - ¢o.= 0.80 Table 10.5.5.2.2-1
Foot. Length (L') = 96.0 ft —> Effective Footing Length based on Strength I-a
Foot. Width (W') = 7.7 ft - Effective Footing Width based on Strength I-a
Sum of Factored Transverse Loads= 11.5 kips
Sum of Factored Longitudinal Loads= -741.3  Kkips
Resultant of Total Factored Transverse
and Longitudinal Loads= 741.3  Kkips
Sum of Factored Vertical loads, Vo= 7079.0 kips

R:= Vior tandy
R.= 5143 kips

For Rg=|( 4,115 kips Active Driving Horizontal Force, Hor = 741.3 kips

Conservatively, the absolute magnitude of the

SLIDING IS: horizontal forces were used to determine

the active driving horizontal force.

Note: No active or passive soil forces were included in the analysis

Loading Information Provided: Strength I-a
Transverse Loads at Pier Location: Longitudinal Loads at Pier Location: Load Factors:
WL= 1.0 kips WL= 5.0 kips 0
WS= 28.0 kips WS=  703.0 kips 0
EH= 0.0 kips EH=  -703.0 kips (resisting force) 1.5
CE+LS= 4.0 kips CE+LS= 161.0 kips 1.75 CE and LS
TU= 9.0 kips TU= 63.0 kips 0.5
BR= 0 kips BR= 0 kips 1.75
Vertical Unfactored LL= 359.0ft  kips 1.75
Vertical Unfactored DL= 6711.0ft kips 0.9

Verical Unfactored DW= 632.0ft  kips 0.65




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01
g D I : Z PROJECT  FRA-70-14.48 SHEET NO. 1 OF 2
~ SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13
Bearing Capacity - Pier 1 (EHr & LL2) CHECKED BY BTA  DATE 06/10/13
Bearing Depth = 739.0 ft Foot. Width (B') = 7.7 ft Foot. Length (L') = 98.2 ft
Unfactored Dead Load = 6711.00 kips Unfactored Live Load = 583.00 kips Load = 80.70 k/If
Unfactored DW = 632.00 kips Dead Load=(DL)+(Self Wt)+(Footing Wt)
Max Factored Dead Load = 8388.75 kips Max Factored Live Load = 1020.25 kips F. Load = 105.46 k/If
Max Factored DW = 948.00 kips
Calculate factored bearing resistance (qz) Reference: AASHTO LRFD Bridge Design Specifications
dr = Ppan Eg. 10.6.3.1.1-1
0n = CNem + YDNgmCuig + 0.5VBN, Cy Eq. 10.6.3.1.2a-1,2,3,4
( Nem= NSeic Ngm = Nqsqdqiq Nym= stviv ) Assume inclination factors (i i ,,i,) = 1.0
40 Eq. 10.4.6.2.4-1
Calc.Cy » 0.77log(— ) >  0.77 log( ) = 0.95
Oyvo 2.37
Calc. N1gy > CyNeo Neo= 63 (Boring B-287-1-10) Eq. 10.4.6.2.4-3
Nlgp= 595 > 5= 38° to 43° Use@;= 36° Table 10.4.6.2.4-1
@r= 36° > Ng= 378 N,= 56.3 Table 10.6.3.1.2a-1
Groundwater at 739.0ft - (739'-739") = 0.0' Water is within 1.5B of bearing depth
Cw= 10, C,= 05 Table 10.6.3.1.2a-2
B A B A
s=1-04(—)=1- 04 =097 ,s.=1+ (— tan =1+ tan 362 ) = 1.06
, () ( ) S1+ (T tang ) (—5g5 tan362)
dg= 1.0 Table 10.6.3.1.20-4
d,=0+ (120.0 pcf) (4.0ft) (37.8) (1.06) (1.0) (1.0) + (0.5) (120.0 pcf) (7.7 ft) (56.3) (0.97) (0.5)
d,= 19175 + 12566 Fora 7.7 ft wide footing (eff. width 77f ) q,= 31.7 ksf
Resistance Factor (¢,) = 0.45 strength limit state Section 10.5.5.2
Table 10.5.5.2.2-1
Odr = ®pdn = (0.45) (31.7 ksf) = 14.3 ksf > 13.7 ksf (= 105.46 k/If / 7.7t )




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

D I : Z PROJECT  FRA-70-14.48 SHEET NO. 2 OF 2
SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13
Sliding - Pier 1 (EHr & LL2) CHECKED BY BTA DATE 06/10/13
Sliding (Rg)
Rr = OR, = @R + @ Rep assume passive resistance, R, is 0 Eq. 10.6.3.4-1
Cohesionless foundation soil - nominal sliding resistance R,=V tan § Eq. 10.6.3.4-2
tan 6 = 1.0 *tan o for concrete cast against soil Section 10.6.3.4
=1.0 * tan36 =0.73
Resistance factor (¢.):
concrete on sand - ¢o.= 0.80 Table 10.5.5.2.2-1
Foot. Length (L') = 96.3 ft —> Effective Footing Length based on Strength I-a
Foot. Width (W') = 7.7 ft - Effective Footing Width based on Strength I-a
Sum of Factored Transverse Loads= 15.0 kips
Sum of Factored Longitudinal Loads= -741.3  Kkips
Resultant of Total Factored Transverse
and Longitudinal Loads= 741.4  Kips
Sum of Factored Vertical loads, Vo= 7471.0 kips

R:= Vior tandy
R.= 5428 kips

For Rg= Active Driving Horizontal Force, Hor = 741.4 kips

Conservatively, the absolute magnitude of the

SLIDING IS: horizontal forces were used to determine

the active driving horizontal force.

Note: No active or passive soil forces were included in the analysis

Loading Information Provided: Strength I-a
Transverse Loads at Pier Location: Longitudinal Loads at Pier Location: Load Factors:
WL= 1.0 kips WL= 5.0 kips 0
WS= 28.0 kips WS=  703.0 kips 0
EH= 0.0 kips EH=  -703.0 kips (resisting force) 1.5
CE+LS= 6.0 kips CE+LS= 161.0 kips 1.75 CE and LS
TU= 9.0 kips TU= 63.0 kips 0.5
BR= 0 kips BR= 0 kips 1.75
Vertical Unfactored LL= 583.0ft  kips 1.75
Vertical Unfactored DL= 6711.0ft kips 0.9

Verical Unfactored DW= 632.0ft  kips 0.65




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01
g D I : Z PROJECT  FRA-70-14.48 SHEET NO. 1 OF 2
~ SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13
Bearing Capacity - Pier 1 (EHr & LL3) CHECKED BY BTA  DATE 06/10/13
Bearing Depth = 739.0 ft Foot. Width (B') = 7.7 ft Foot. Length (L') = 97.6 ft
Unfactored Dead Load = 6711.00 kips Unfactored Live Load = 457.00 kips Load = 79.93 k/If
Unfactored DW = 632.00 kips Dead Load=(DL)+(Self Wt)+(Footing Wt)
Max Factored Dead Load = 8388.75 kips Max Factored Live Load = 799.75 kips F. Load = 103.88 k/If
Max Factored DW = 948.00 kips
Calculate factored bearing resistance (qz) Reference: AASHTO LRFD Bridge Design Specifications
dr = Ppan Eg. 10.6.3.1.1-1
0n = CNem + YDNgmCuig + 0.5VBN, Cy Eq. 10.6.3.1.2a-1,2,3,4
( Nem= NSeic Ngm = Nqsqdqiq Nym= stviv ) Assume inclination factors (i i ,,i,) = 1.0
40 Eq. 10.4.6.2.4-1
Calc.Cy » 0.77log(— ) >  0.77 log( ) = 0.95
O'vo 2.37
Calc. N1gy > CyNeo Neo= 63 (Boring B-287-1-10) Eq. 10.4.6.2.4-3
Nlgp= 595 > 5= 38° to 43° Use@;= 36° Table 10.4.6.2.4-1
@r= 36° > Ng= 378 N,= 56.3 Table 10.6.3.1.2a-1
Groundwater at 739.0ft - (739'-739") = 0.0' Water is within 1.5B of bearing depth
Cw= 10, C,= 05 Table 10.6.3.1.2a-2
B A B A
s=1-04(—)=1- 04 =097 ,s.=1+ (— tan =1+ tan 362 ) = 1.06
, () ( ) S1+ (T tang ) (—57 g tan362)
dg= 1.0 Table 10.6.3.1.20-4
d,=0+ (120.0 pcf) (4.0ft) (37.8) (1.06) (1.0) (1.0) + (0.5) (120.0 pcf) (7.7 ft) (56.3) (0.97) (0.5)
d,= 19184 + 12595 Fora 7.7 ft wide footing (eff. width 77f ) q,= 31.8 ksf
Resistance Factor (¢,) = 0.45 strength limit state Section 10.5.5.2
Table 10.5.5.2.2-1
Odr = ®pdn = (0.45) (31.8ksf) = 14.3 ksf > 13.5 ksf (= 103.88 k/If / 7.7t )




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

D I : Z PROJECT  FRA-70-14.48 SHEET NO. 2 OF 2
SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13
Sliding - Pier 1 (EHr & LL3) CHECKED BY BTA DATE 06/10/13
Sliding (Rg)
Rr = OR, = @R + @ Rep assume passive resistance, R, is 0 Eq. 10.6.3.4-1
Cohesionless foundation soil - nominal sliding resistance R,=V tan § Eq. 10.6.3.4-2
tan 6 = 1.0 *tan o for concrete cast against soil Section 10.6.3.4
=1.0 * tan36 =0.73
Resistance factor (¢.):
concrete on sand - ¢o.= 0.80 Table 10.5.5.2.2-1
Foot. Length (L') = 95.4 ft - Effective Footing Length based on Strength I-a
Foot. Width (W') = 7.7 ft - Effective Footing Width based on Strength I-a
Sum of Factored Transverse Loads= 13.3 kips
Sum of Factored Longitudinal Loads= -741.3  Kkips
Resultant of Total Factored Transverse
and Longitudinal Loads= 741.4  Kips
Sum of Factored Vertical loads, Vo= 7250.5 kips

R:= Vior tandy
R.= 5268 kips

For Rg=| 4,214 kips Active Driving Horizontal Force, Hor = 741.4 kips

Conservatively, the absolute magnitude of the

SLIDING IS: horizontal forces were used to determine

the active driving horizontal force.

Note: No active or passive soil forces were included in the analysis

Loading Information Provided: Strength I-a
Transverse Loads at Pier Location: Longitudinal Loads at Pier Location: Load Factors:
WL= 1.0 kips WL= 5.0 kips 0
WS= 28.0 kips WS=  703.0 kips 0
EH= 0.0 kips EH=  -703.0 kips (resisting force) 1.5
CE+LS= 5.0 kips CE+LS= 161.0 kips 1.75 CE and LS
TU= 9.0 kips TU= 63.0 kips 0.5
BR= 0 kips BR= 0 kips 1.75
Vertical Unfactored LL= 457.0ft  kips 1.75
Vertical Unfactored DL= 6711.0ft kips 0.9

Verical Unfactored DW= 632.0ft  kips 0.65




13-Jun-13 Bridge 1716
PIER #1 EHmoment acts as a driving force, all other horizontal loads as driving forces, and vertical loads times eccentricity as resisting forces per ms e-mail dated June 11, 2013 (WITHGUTRUII  Footing dimensions provided by ms:
Unfactored DL | Unfactored DW | Self Weight | Unfactored WS Footing Factored LL | Factored DL | Factored DW |F. Self Weight Factored WS |F. Footing Initial eccentricity provided by ms= 35 ft
Service Case Factors LLCase 1 0 4,445 632 1,384 0 882 0 4,445 632 1384 882 Footing length= 105.0 ft
LL Case 2 0 4,445 632 1,384 0 882 0 4,445 632 1384 882 Footing width= 14.0 ft
WL 1 LL Case 3 0 4,445 632 1,384 0 882 0 4,445 632 1384 882 Toe width= 9.0 ft
Ws 03 Heel width= 2.0 ft
TU 1 Pier column width= 3.0 ft
L 1
LS 1 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LL moment DL moment DW moment Self moment BR moment F. WLmoment [ F. WS moment | F. EH moment | F. CEmoment | F. TU moment [ F.LLmoment F. DL moment F. DW moment [F. Self moment| F BR moment
bc 1 LLCase 1 45 0 0 167 285 14,478 6,580 392 0 0 LL Case 1 45 0 0 167 285 14,478 6,580 392 0 0
EH 1 LL Case 2 45 0 0 271 285 14,704 6,580 392 0 0 LL Case 2 45 0 0 271 285 14,704 6,580 392 0 0
. Factored Transverse
CE 1 LLCase 3 45 0 0 213 285 16,152 6,580 392 0 0 Transverse Loadlng LL Case 3 45 0 0 213 285 16,152 6,580 392 0 0 .
Loading
bW 1
BR 1
W= 14.00
LLCase 1
L= 105.00 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LS moment DL moment DW moment Self moment BR moment F. WLmoment [ F. WS moment | F. EH moment | F. CEmoment | F. TU moment [ F.LLmoment F. DL moment F. DW moment [F. Self moment| F BR moment
W= 14.00 LLCase 1 173 1,476 1,476 23 2,058 824 0 0 0 [ LLCase 1 173 443 1,476 23 2,058 824 0 0 0 0
LL Case 2
L= 105.00 LL Case 2 173 1,476 1,476 38 2,058 824 0 0 0 0 LL Case 2 173 443 1,476 38 2,058 824 0 0 0 0
- . Factored Longitudinal
W= 14.00 LL Case 3 173 1,476 1,476 29 2,058 824 [ 0 [ 0 Longltudlnal Loadlng LL Case 3 173 443 1,476 29 2,058 824 0 0 0 0 N
LLCase 3 Loading
L= 105.00
Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e
LLCase 1 21,947 7,343 299 Loading Pressure
LL Case 2 22,277 7,343 3.03 Based on Effective Footing Size
W' = 9.20 LLCase 3 23,667 7,343 3.22 Factored Transverse Loading
LLCase 1
L'= 99.02 LL Case 1 8,059|psf
W'= 9.21 LL Case 2 8,063 |psf
LL Case 2
L 98.93 LL Case 3 8,096 |psf
W'= 9.20
LLCase 3
L'= 98.55 Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e
LLCase 1 -17,617 7,343 -2.40
LL Case 2 -17,602 7,343 -2.40
LLCase 3 -17,611 7,343 -2.40 Factored Longitudinal Loading
Footing thickness h= 4.00

UNFACTORED resisting moments from

vertical loads times initial eccentricity

Units in kip-ft LL moment DL moment DW moment Self moment

LL Case 1 0 -15,558 2,212 -4,844

LL Case 2 0 -15,558 2,212 -4,844

LLCase 3 0 -15,558 2,212 -4,844 Longitudinal Loading

FACTORED resisting moments from vertical loads times initial eccentricity

Units in kip-ft LL moment DL moment DW moment | Self moment

LLCase 1 0 -15,558 2,212

LLCase 2 0 -15,558 2,212

LL Case 3 0 -15,558 2,212 Longitudinal Loading




13-Jun-13
PIER #1

Bridge 1716

EHmoment acts as a driving force, all other horizontal loads as driving forces, and vertical loads times eccentricity as resisting forces per ms e-mail dated June 11, 2013 (_

Footing dimensions provided by ms:

Units Unfactored DL | Unfactored DW | Self Weight | Unfactored WS Footing Factored LL | Factored DL | Factored DW |F. Self Weight Factored WS |F. Footing Initial eccentricity provided by ms= 35 ft
Strength I-a Case Factors LLCase 1 0 4,445 632 1,384 0 882 0 4,001 410.8 12456 0 793.8 Footing length= 105.0 ft
LL Case 2 0 4,445 632 1,384 0 882 0 4,001 410.8 12456 0 793.8 Footing width= 14.0 ft
WL 0 LLCase 3 0 4,445 632 1,384 0 882 0 4,001 410.8 12456 0 793.8 Toe width= 9.0 ft
ws 0 Heel width= 20 ft
U 05 Pier column width= 30 ft
L 175
LS 1.75 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LL moment DL moment DW moment Self moment BR moment F. WLmoment [ F. WS moment | F. EH moment | F. CEmoment | F. TU moment [ F.LL moment F. DL moment F. DW moment [F. Self moment| F BR moment
bc 09 LLCase 1 45 0 0 167 285 14,478 6,580 392 0 0 LLCase 1 0 0 0 292 143 25,337 5,922 255 0 0
EH 15 LL Case 2 45 0 0 271 285 14,704 6,580 392 [ 0 LL Case 2 0 0 0 474 143 25,732 5,922 255 0 0
. Factored Transverse
CE 1.75 LLCase 3 45 0 0 213 285 16,152 6,580 392 0 0 Transverse Loadlng LL Case 3 0 0 0 373 143 28,266 5,922 255 0 0 .
d Loading
ow 065
BR 175
W= 14.00
LLCase 1
L= 105.00 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LS moment DL moment DW moment Self moment BR moment F. WLmoment [ F. WS moment | F. EH moment | F. CEmoment | F. TU moment [ F.LLmoment F. DL moment F. DW moment [F. Self moment| F BR moment
W= 14.00 LLCase 1 173 1,476 1,476 23 2,058 824 0 0 0 0 LLCase 1 0 0 2,214 40 1,029 1,442 0 0 0 0
LL Case 2
L= 105.00 LL Case 2 173 1,476 1,476 38 2,058 824 0 0 0 0 LL Case 2 0 0 2,214 67 1,029 1,442 0 0 0 0
T . Factored Longitudinal
W= 14.00 LLCase 3 173 1,476 1,476 29 2,058 824 [ 0 [ 0 Longltudlnal Loadlng LL Case 3 0 0 2,214 51 1,029 1,442 0 0 0 0 N
LLCase 3 Loading
L= 105.00
Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e Emax® e<€mayx
LL Case 1 31,948 6,451 4.95 35.00 Yes Loading Pressure
LL Case 2 32,526 6,451 5.04 35.00 Yes Based on Effective Footing Size
Lese1 W' = 9.33 LLCase 3 34,958 6,451 5.42 35.00 Yes Factored Transverse Loading
ase
L'= 95.09 LL Case 1 7,273 |psf
W'= 9.33 LL Case 2 7,281|psf
LL Case 2
L 94.92 LL Case 3 7,343 |psf
W'= 9.33
LLCase 3
L 94.16 Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e . ABS(€)<€pmay
LLCase 1 -15,074 6,451 -2.34 4.67 Yes
LL Case 2 -15,048 6,451 -2.33 4.67 Yes
LLCase 3 -15,063 6,451 -2.34 4.67 Yes Factored Longitudinal Loading
Footing thickness h= 4.00

UNFACTORED resisting moments from

vertical loads times i

ial eccentricity

Units in kip-ft LL moment DL moment DW moment Self moment

LL Case 1 0 -15,558 2,212 -4,844

LL Case 2 0 -15,558 2,212 -4,844

LLCase 3 0 -15,558 2,212 -4,844 Longitudinal Loading

FACTORED resisting moments from vertical loads times ii

ial eccentricity

Units in kip-ft LL moment DL moment DW moment | Self moment

LL Case 1 [ -14,002 -1,438 -4,360

LL Case 2 [ -14,002 -1,438

LL Case 3 0 -14,002 -1,438 -4,360 Longitudinal Loading




13-Jun-13 Bridge 1716
PIER #1 EHmoment acts as a driving force, all other horizontal loads as driving forces, and vertical loads times eccentricity as r ing forces per ms e-mail dated June 11, 2013 (WITHOU_ Footing dimensions provided by ms:
Unfactored DL | Unfactored DW | Self Weight | Unfactored WS Footing Factored LL | Factored DL | Factored DW |F. Self Weight Factored WS |F. Footing Initial eccentricity provided by ms= 35 ft
Strength I-b Case Factors LLCase 1 0 4,445 632 1,384 0 882 0 5,556 948 1730 0 1102.5 Footing length= 105.0 ft
LL Case 2 0 4,445 632 1,384 0 882 0 5,556 948 1730 0 1102.5 Footing width= 14.0 ft
WL 0 LL Case 3 0 4,445 632 1,384 0 882 0 5,556 948 1730 0 1102.5 Toe width= 9.0 ft
ws 0 Heel width= 20 ft
U 05 Pier column width= 30 ft
L 175
LS 1.75 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LL moment DL moment DW moment Self moment BR moment F. WLmoment [ F. WS moment | F. EH moment | F. CEmoment | F. TU moment [ F.LLmoment F. DL moment F. DW moment [F. Self moment| F BR moment
bc 1.25 LLCase 1 45 0 0 167 285 14,478 6,580 392 0 [ LL Case 1 0 0 0 292 143 25,337 8,225 588 0 0
EH 15 LL Case 2 45 0 0 271 285 14,704 6,580 392 [ 0 LL Case 2 0 0 0 474 143 25,732 8,225 588 0 0
. Factored Transverse
CE 1.75 LLCase 3 45 0 0 213 285 16,152 6,580 392 0 0 Transverse Loadlng LL Case 3 0 0 0 373 143 28,266 8,225 588 0 0 .
d Loading
bW 15
BR 175
W= 14.00
LLCase 1
L= 105.00 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LS moment DL moment DW moment Self moment BR moment F. WLmoment [ F. WS moment | F. EH moment | F. CEmoment | F. TU moment [ F.LLmoment F. DL moment F. DW moment [F. Self moment| F BR moment
W= 14.00 LLCase 1 173 1,476 1,476 23 2,058 824 0 0 0 [ LLCase 1 0 0 2,214 40 1,029 1,442 0 0 0 0
LL Case 2
L= 105.00 LL Case 2 173 1,476 1,476 38 2,058 824 0 0 0 0 LL Case 2 0 0 2,214 67 1,029 1,442 0 0 0 0
- . Factored Longitudinal
W= 14.00 LL Case 3 173 1,476 1,476 29 2,058 824 [ 0 [ 0 Longltudlnal Loadlng LL Case 3 0 0 2,214 51 1,029 1,442 0 0 0 0 N
LLCase 3 Loading
L= 105.00
Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e
LLCase 1 34,584 9,337 3.70 Loading Pressure
LL Case 2 35,162 9,337 3.77 Based on Effective Footing Size
W' = 8.84 LLCase 3 37,594 9,337 4.03 Factored Transverse Loading
LLCase 1
L'= 97.59 LL Case 1 10,824 |psf
W'= 8.84 LL Case 2 10,831 |psf
LL Case 2
L 97.47 LL Case 3 10,893 |psf
W'= 8.84
LLCase 3
L= 96.95 Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e
LLCase 1 -24,095 9,337 -2.58
LL Case 2 -24,068 9,337 -2.58
LLCase 3 -24,084 9,337 -2.58 Factored Longitudinal Loading
Footing thickness h= 4.00

UNFACTORED resisting moments from

vertical loads times initial eccentricity

Units in kip-ft LL moment DL moment DW moment Self moment

LL Case 1 0 -15,558 2,212 -4,844

LL Case 2 0 -15,558 2,212 -4,844

LLCase 3 0 -15,558 2,212 -4,844 Longitudinal Loading

FACTORED resisting moments from vertical loads times initial eccentricity

Units in kip-ft LL moment DL moment DW moment | Self moment

LL Case 1 [ -19,447 -3,318 6,055

LL Case 2 [ -19,447 -3,318

LL Case 3 0 -19,447 -3,318 -6,055 Longitudinal Loading




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

g DLZ PROJECT  FRA-70-14.48 SHEET NO. 1 OF 2
~ SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13

Bearing Capacity - Pier 1 (EHd & L) WITHOUTLL ~ CHECKEDBY BTA  DATE 061013
Bearing Depth = 739.0 ft Foot. Width (B') = 8.8 ft Foot. Length (L') = 97.6 ft
Unfactored Dead Load = 6711.00 kips Unfactored Live Load = .00 kips Load = 75.24 k/If
Unfactored DW = 632.00 kips Dead Load=(DL)+(Self Wt)+(Footing Wt)
Max Factored Dead Load = 8388.75 kips Max Factored Live Load = .00 kips F. Load = 95.67 k/If
Max Factored DW = 948.00 kips

Calculate factored bearing resistance (qz)
ar = Ppdn

an = CNcm + vaquCwq + 0'SVBNvawy

B
s7=1-o.4(T)=1- 04 (

Reference: AASHTO LRFD Bridge Design Specifications
Eq. 10.6.3.1.1-1

Eq. 10.6.3.1.2a-1,2,3,4

( Nem = NS Ngm = Nqsqdqiq Nym=NySyiy ) Assume inclination factors (i i ,,i,) = 1.0
40 Eq. 10.4.6.2.4-1
Calc.Cy » 0.77log(— ) >  0.77 log( ) = 0.95
Ovo 2.37
Calc. N1gp > CyNgo Neo= 63 (Boring B-287-1-10) Eq. 10.4.6.2.4-3
Nlgp= 595 > 5= 38° to 43° Use@;= 36° Table 10.4.6.2.4-1
@r= 36° > Ng= 378 N= 56.3 Table 10.6.3.1.2a-1
Groundwater at 739.0ft - (739'-739") = 0.0' Water is within 1.5B of bearing depth
Cw= 10, C,= 05 Table 10.6.3.1.2a-2

97.6'

B
) =096 , se=1 + (T tang; ) =1+ ( tan362 ) = 1.07

dg= 1.0 Table 10.6.3.1.20-4
d,=0+ (120.0 pcf) (4.0ft) (37.8) (1.07) (1.0) (1.0) + (0.5) (120.0 pcf) (8.8 ft) (56.3) (0.96) (0.5)
d,= 19338 + 14390 Fora 8.8ft wide footing (eff. width 88ft ) a,= 33.7 ksf
Resistance Factor (¢,) = 0.45 strength limit state Section 10.5.5.2
Table 10.5.5.2.2-1
Odr = ®udn = (0.45) (33.7 ksf) = 15.2 ksf > 10.8 ksf (= 95.67 k/If / 8.8ft )




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

DI :Z PROJECT  FRA-70-14.48 SHEET NO. 2 OF
SUBJECT  FRA-70-1716 COMP. BY EWT  DATE

2

06/10/13
06/10/13

Sliding (Rg)
Rr = OR, = @R + @ Rep assume passive resistance, R, is 0 Eq. 10.6.3.4-1
Cohesionless foundation soil - nominal sliding resistance R,=V tan § Eq. 10.6.3.4-2
tan 6 = 1.0 *tan o for concrete cast against soil Section 10.6.3.4

=1.0 * tan36 =0.73
Resistance factor (¢.):

concrete on sand - ¢o.= 0.80 Table 10.5.5.2.2-1
Foot. Length (L') = 95.1 ft - Effective Footing Length based on Strength I-a
Foot. Width (W') = 9.3ft -> Effective Footing Width based on Strength I-a
Sum of Factored Transverse Loads= 11.5 kips
Sum of Factored Longitudinal Loads= 1367.8  kips
Resultant of Total Factored Transverse
and Longitudinal Loads= 1367.8 kips
Sum of Factored Vertical loads, Vo= 6450.7  kips

R:= Vior tandy
R.= 4687 kips

For Rg=| 3,749 kips Active Driving Horizontal Force, Hor = 1367.8 kips

Conservatively, the absolute magnitude of the

SLIDING IS: horizontal forces were used to determine

the active driving horizontal force.

Note: No active or passive soil forces were included in the analysis

Loading Information Provided: Strength I-a
Transverse Loads at Pier Location: Longitudinal Loads at Pier Location: Load Factors:
WL= 1.0 kips WL= 5.0 kips 0
WS= 28.0 kips WS=  703.0 kips 0
EH= 0.0 kips EH=  703.0 kips (Driving force like 1.5
CE+LS= 4.0 kips CE+LS= 161.0 kips others) 1.75 CE and LS
TU= 9.0 kips TU= 63.0 kips 0.5
BR= 0 kips BR= 0  kips 1.75
Vertical Unfactored LL= .0 ft kips 1.75
Vertical Unfactored DL= 6711.0ft kips 0.9

Verical Unfactored DW= 632.0ft  kips 0.65




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

g DLZ PROJECT  FRA-70-14.48 SHEET NO. 1 OF 2
~ SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13

Bearing Capacity - Pier 1 (EHd &L WITHOUTLL ~ CHECKEDBY BTA  DATE 061013
Bearing Depth = 739.0 ft Foot. Width (B') = 8.8 ft Foot. Length (L') = 97.5 ft
Unfactored Dead Load = 6711.00 kips Unfactored Live Load = .00 kips Load = 75.34 k/If
Unfactored DW = 632.00 kips Dead Load=(DL)+(Self Wt)+(Footing Wt)
Max Factored Dead Load = 8388.75 kips Max Factored Live Load = .00 kips F. Load = 95.79 k/If
Max Factored DW = 948.00 kips

Calculate factored bearing resistance (qz)
ar = Ppdn

an = CNcm + vaquCwq + 0'SVBNvawy

B
s7=1-o.4(T)=1- 04 (

Reference: AASHTO LRFD Bridge Design Specifications
Eq. 10.6.3.1.1-1

Eq. 10.6.3.1.2a-1,2,3,4

( Nem = NS Ngm = Nqsqdqiq Nym=NySyiy ) Assume inclination factors (i i ,,i,) = 1.0
40 Eq. 10.4.6.2.4-1
Calc.Cy » 0.77log(— ) >  0.77 log( ) = 0.95
Ovo 2.37
Calc. N1gp > CyNgo Neo= 63 (Boring B-287-1-10) Eq. 10.4.6.2.4-3
Nlgp= 595 > 5= 38° to 43° Use@;= 36° Table 10.4.6.2.4-1
@r= 36° > Ng= 378 N= 56.3 Table 10.6.3.1.2a-1
Groundwater at 739.0ft - (739'-739") = 0.0' Water is within 1.5B of bearing depth
Cw= 10, C,= 05 Table 10.6.3.1.2a-2

97.5'

B
) =096 , se=1 + (T tang; ) =1+ ( tan362 ) = 1.07

dg= 1.0 Table 10.6.3.1.20-4
d,=0+ (120.0 pcf) (4.0ft) (37.8) (1.07) (1.0) (1.0) + (0.5) (120.0 pcf) (8.8 ft) (56.3) (0.96) (0.5)
d,= 19340 + 14389 Fora 8.8ft wide footing (eff. width 88ft ) a,= 33.7 ksf
Resistance Factor (¢,) = 0.45 strength limit state Section 10.5.5.2
Table 10.5.5.2.2-1
Odr = ®udn = (0.45) (33.7 ksf) = 15.2 ksf > 10.8 ksf (= 95.79 k/If / 8.8ft )




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

DI :Z PROJECT  FRA-70-14.48 SHEET NO. 2 OF
SUBJECT  FRA-70-1716 COMP. BY EWT  DATE

2

06/10/13
06/10/13

Sliding (Rg)
Rr = OR, = @R + @ Rep assume passive resistance, R, is 0 Eq. 10.6.3.4-1
Cohesionless foundation soil - nominal sliding resistance R,=V tan § Eq. 10.6.3.4-2
tan 6 = 1.0 *tan o for concrete cast against soil Section 10.6.3.4

=1.0 * tan36 =0.73
Resistance factor (¢.):

concrete on sand - ¢o.= 0.80 Table 10.5.5.2.2-1
Foot. Length (L') = 94.9 ft - Effective Footing Length based on Strength I-a
Foot. Width (W') = 9.3ft -> Effective Footing Width based on Strength I-a
Sum of Factored Transverse Loads= 15.0 kips
Sum of Factored Longitudinal Loads= 1367.8  kips
Resultant of Total Factored Transverse
and Longitudinal Loads= 1367.8 kips
Sum of Factored Vertical loads, Vo= 6450.7  kips

R:= Vior tandy
R.= 4687 kips

For Rg=| 3,749 kips Active Driving Horizontal Force, Hor = 1367.8 kips

Conservatively, the absolute magnitude of the

SLIDING IS: horizontal forces were used to determine

the active driving horizontal force.

Note: No active or passive soil forces were included in the analysis

Loading Information Provided: Strength I-a
Transverse Loads at Pier Location: Longitudinal Loads at Pier Location: Load Factors:
WL= 1.0 kips WL= 5.0 kips 0
WS= 28.0 kips WS=  703.0 kips 0
EH= 0.0 kips EH=  703.0 kips (Driving force like 1.5
CE+LS= 6.0 kips CE+LS= 161.0 kips others) 1.75 CE and LS
TU= 9.0 kips TU= 63.0 kips 0.5
BR= 0 kips BR= 0  kips 1.75
Vertical Unfactored LL= .0 ft kips 1.75
Vertical Unfactored DL= 6711.0ft kips 0.9

Verical Unfactored DW= 632.0ft  kips 0.65




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

g DLZ PROJECT  FRA-70-14.48 SHEET NO. 1 OF 2
~ SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13

Bearing Capacity - Pier 1 (EHJ & LL3)WITHOUTLL ~ CHECKEDBY BTA  DATE 061013
Bearing Depth = 739.0 ft Foot. Width (B') = 8.8 ft Foot. Length (L') = 97.0 ft
Unfactored Dead Load = 6711.00 kips Unfactored Live Load = .00 kips Load = 75.74 k/If
Unfactored DW = 632.00 kips Dead Load=(DL)+(Self Wt)+(Footing Wt)
Max Factored Dead Load = 8388.75 kips Max Factored Live Load = .00 kips F. Load = 96.30 k/If
Max Factored DW = 948.00 kips

Calculate factored bearing resistance (qz)
ar = Ppdn

an = CNcm + vaquCwq + 0'SVBNvawy

B
s7=1-o.4(T)=1- 04 (

Reference: AASHTO LRFD Bridge Design Specifications
Eq. 10.6.3.1.1-1

Eq. 10.6.3.1.2a-1,2,3,4

( Nem = NS Ngm = Nqsqdqiq Nym=NySyiy ) Assume inclination factors (i i ,,i,) = 1.0
40 Eq. 10.4.6.2.4-1
Calc.Cy » 0.77log(— ) >  0.77 log( ) = 0.95
Ovo 2.37
Calc. N1gp > CyNgo Neo= 63 (Boring B-287-1-10) Eq. 10.4.6.2.4-3
Nlgp= 595 > 5= 38° to 43° Use@;= 36° Table 10.4.6.2.4-1
@r= 36° > Ng= 378 N= 56.3 Table 10.6.3.1.2a-1
Groundwater at 739.0ft - (739'-739") = 0.0' Water is within 1.5B of bearing depth
Cw= 10, C,= 05 Table 10.6.3.1.2a-2

97.0'

B
) =096 , se=1 + (T tang; ) =1+ ( tan362 ) = 1.07

dg= 1.0 Table 10.6.3.1.20-4
d,=0+ (120.0 pcf) (4.0ft) (37.8) (1.07) (1.0) (1.0) + (0.5) (120.0 pcf) (8.8 ft) (56.3) (0.96) (0.5)
d,= 19346 + 14386 Fora 8.8ft wide footing (eff. width 88ft ) a,= 33.7 ksf
Resistance Factor (¢,) = 0.45 strength limit state Section 10.5.5.2
Table 10.5.5.2.2-1
Odr = ®pdn = (0.45) (33.7 ksf) = 15.2 ksf > 10.9 ksf (= 96.30k/If / 8.8ft )




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

DI :Z PROJECT  FRA-70-14.48 SHEET NO. 2 OF
SUBJECT  FRA-70-1716 COMP. BY EWT  DATE

2

06/10/13
06/10/13

Sliding (Rg)
Rr = OR, = @R + @ Rep assume passive resistance, R, is 0 Eq. 10.6.3.4-1
Cohesionless foundation soil - nominal sliding resistance R,=V tan § Eq. 10.6.3.4-2
tan 6 = 1.0 *tan o for concrete cast against soil Section 10.6.3.4

=1.0 * tan36 =0.73
Resistance factor (¢.):

concrete on sand - ¢o.= 0.80 Table 10.5.5.2.2-1
Foot. Length (L') = 94.2 ft - Effective Footing Length based on Strength I-a
Foot. Width (W') = 9.3ft -> Effective Footing Width based on Strength I-a
Sum of Factored Transverse Loads= 13.3 kips
Sum of Factored Longitudinal Loads= 1367.8  kips
Resultant of Total Factored Transverse
and Longitudinal Loads= 1367.8 kips
Sum of Factored Vertical loads, Vo= 6450.7  kips

R:= Vior tandy
R.= 4687 kips

For Rg=| 3,749 kips Active Driving Horizontal Force, Hor = 1367.8 kips

Conservatively, the absolute magnitude of the

SLIDING IS: horizontal forces were used to determine

the active driving horizontal force.

Note: No active or passive soil forces were included in the analysis

Loading Information Provided: Strength I-a
Transverse Loads at Pier Location: Longitudinal Loads at Pier Location: Load Factors:
WL= 1.0 kips WL= 5.0 kips 0
WS= 28.0 kips WS= 703.0 kips 0
EH= 0.0 kips EH=  703.0 kips (Driving force like 1.5
CE+LS= 5.0 kips CE+LS= 161.0 kips others) 1.75 CE and LS
TU= 9.0 kips TU= 63.0 kips 0.5
BR= 0 kips BR= 0  kips 1.75
Vertical Unfactored LL= .0 ft kips 1.75
Vertical Unfactored DL= 6711.0ft kips 0.9

Verical Unfactored DW= 632.0ft  kips 0.65




CLIENT  ODOT District 6 JOB NUMBER 1021-1005.01

PROJECT FRA-70-14.48 SHEET NO. 1 OF 5
SUBJECT FRA-70-1716 Pier Load Case EHr & LL2 COMP. BY EWT DATE 06/11/13
Boring Overburden CHECKED BY BTA DATE 06/11/13
Existing Fndn Load™ psf Bearing Depth ~ 739.0 ft Water Elev. 746.8 ft
Mid-Pt
Layer Zone (ft) Elev (ft) Ym (pcf) Hc (ft)
A 762.8 to 739 - 120 -
4 B 739 w0 736 737.5 120 3
I_l __tl___mn oy C 736 to 726 731 120 10
_________ il D 726 to 7148 720.4 120 11.2
7260 E 714.8 to 712.3 713.55 120 2.5
______________ 3 F 712.3 to 710.3 711.3 120 2
_________ 7148 G 710.3 to 707.8 709.05 130 2.5
EEEC T ':é H 707.8 to 699.8 703.8 120 8
""""""" I 699.8 to 692.8 696.3 130 7

Calculate Existing Load
Point 1

0'y1 = 2369 psf + (739" - 737.5)(120 pcf - 62.4 pef)
=12369 psf + (1.5')(57.6 pef)

= 2456 psf
Point 2
0'sy =2456psf+(737.5' - 731")(120 pcf - 62.4 pcf)
= 2456 psf + (6.5")(57.6 pcf)
= 2830 psf
Point 3
0oz =2830 psf+ (731" - 720.4')(120 pcf - 62.4 pcf)
= 2830 psf + (10.6")(57.6 pcf)
= 3441 psf
Point 4
0'sa =3441 psf + (720.4' - 713.55")(120 pcf - 62.4 pcf)
= 3441 psf + (6.9")(57.6 pcf)
= 3836 psf
Point 5
= 3836 psf + (713.55'- 711.3")(120 pcf - 62.4 pcf)
= 3836 psf + (2.3")(57.6 pcf)
= 3966 psf
Point 6
=3966 psf + (711.3' - 710.3")(120 pcf - 62.4 pcf) + (710.3' - 709.05")(130 pcf - 62.4 pcf)
= 3966 psf + (1.0")(57.6 pcf) + (1.3")(67.6 pcf)
=4108 psf
Point 7
= 4108 psf + (709.05" - 707.8")(130 pcf - 62.4 pcf) + (707.8' - 703.8")(120 pcf - 62.4 pcf)
= 4108 psf + (1.3")(67.6 pcf) + (4.0")(57.6 pcf)
= 4423 psf
Point 8

= 4423 psf + (703.8" - 699.8")(120 pcf - 62.4 pcf) + (699.8' - 696.3")(130 pcf - 62.4 pcf)
= 4423 psf + (4.0")(57.6 pcf) + (3.5')(67.6 pcf)
= 4890 psf




CLIENT  ODOT District 6 JOB NUMBER 1021-1005.01
PROJECT FRA-70-14.48 SHEET NO. OF
SUBJECT FRA-70-1716 Pier Load Case EHr & LL2 COMP. BY DATE
Existing Overburden CHECKED BY DATE
Existing Fndn Load™ Bearing Depth ~ 739.0 ft Water Elev. 746.8 ft
Mid-Pt
Layer Zone (ft) Elev (ft) Ym (pcf) Hc (ft)

A 760 to 739 - 120 -

B 739 to 736 737.5 120 3

C 736 to 726 731 120 10

D 726 to 714.8 720.4 120 11.2

E 714.8 to 712.3 713.55 120 2.5

F 712.3 to 710.3 711.3 120 2

D 710.3 to 707.8 709.05 130 2.5

E 707.8 to 699.8 703.8 120 8

F 699.8 to 692.8 696.3 130 7

Calculate Existing Load

Point 1
0.|01

Point 3
0J03

Point 4

1
O o4

Point 5

Point 6

Point 7

Point 8

= 2033 psf + (739' - 737.5")(120 pcf - 62.4 pcf)

= 2033 psf + (1.5')(57.6 pcf)
= 2120 psf

=2120 psf + (737.5' - 731')(120 pef - 62.4 pef)

= 2120 psf + (6.5')(57.6 pcf)
= 2494 psf

= 2494 psf + (731" - 720.4")(120 pcf - 62.4 pcf)

= 2494 psf + (10.6")(57.6 pcf)
= 3105 psf

= 3105 psf + (720.4' - 713.55") (120 pcf - 62.4 pcf)

= 3105 psf + (6.9'(57.6 pcf)
= 3500 psf

= 3500 psf + (713.55'- 711.3")(120 pcf - 62.4 pcf)

= 3500 psf + (2.3')(57.6 pcf)
= 3630 psf

=3630 psf + (711.3' - 710.3')(120 pcf - 62.4 pcf) + (710.3' - 709.05')(130 pcf - 62.4 pcf)

= 3630 psf + (1.0°)(57.6 pcf) + (1.3')(67.6 pcf)

=3772 pst

= 3772 psf + (709.05' - 707.8')(130 pcf - 62.4 pcf) + (707.8' - 703.8')(120 pef - 62.4 pef)

= 3772 psf + (1.3")(67.6 pcf) + (4.0')(57.6 pcf)

= 4087 psf

= 4087 psf + (703.8' - 699.8")(120 pef - 62.4 pef) + (699.8' - 696.3')(130 pef - 62.4 pef)
= 4087 psf + (4.0)(57.6 pcf) + (3.5)(67.6 pcf)

= 4554 pst




CLIENT  ODOT District 6 JOB NUMBER 1021-1005.01

PROJECT FRA-70-14.48 SHEET NO. 3 OF 5
SUBJECT FRA-70-1716 Pier Load Case EHr & LL2 COMP. BY EWT DATE 06/11/13
Proposed Overburden CHECKED BY BTA  DATE 06/11/13
Foundation Load™ 9378 psf Bearing Depth ~ 739.0 ft Water Elev. ~ 746.8 ft
Mid-Pt
Layer Zone (ft) Elev (ft) Ym (pcf) Hc (ft) i*
A 7533  to 739 - 120 -
B 739 to 736 737.5 120 3 1.00
C 736 to 726 731 120 10 0.51
_________ T D 726 to 7148 720.4 120 112 025
_________ '__U'_U__3 E 7148 to 7123 713.55 120 2.5 0.18
LR F 7123 to 7103 711.3 120 2 0.16
ESEsEeeer < D 7103  to  707.8 709.05 130 25 0.15
_________ T O E 707.8  to  699.8 703.8 120 8 0.13
699-8 F 699.8 to 6928 696.3 130 7 0.11
______________ 8
Calculate Proposed Load “ - fndn load at center of footing
Point 1 " - see settlement calcs for determination of i values

0's1 = 1229 psf + (739" - 737.5")(120 pcf - 62.4 pcf) + (9378 psH)(1)
= 1229 psf + (1.5')(57.6 pcf) + (9378 psf)
= 10694 psf

0'sy = 1316 psf +(737.5'- 731")(120 pcf - 62.4 pch) + (9378 ps)(0.51)
= 1316 psf + (6.5')(57.6 pcf) + (4783 psf)
= 6472.78 psf

Point 3
0's3 =1690 psf + (731" - 720.4')(120 pcf - 62.4 pcf) + (9378 psf)(0.25)
= 1690 psf + (10.6")(57.6 pcf) + (2345 psf)
=4645.5 psf

Point 4

0'os =2301 psf + (720.4' - 713.55"(120 pcf - 62.4 pcf) + (9378 psf)(0.18)
= 2301 psf + (6.9)(57.6 pcf) + (1688 psf)

=4384.04 psf
Point 5
= 2696 psf + (713.55'- 711.3")(120 pcf - 62.4 pcf) + (9378 psf)(0.16)
= 2696 psf + (2.3")(57.6 pcf) + (1500 psf)
=4326.48 psf
Point 6
= 2826 psf + (711.3' - 710.3")(120 pcf - 62.4 pcf) + (710.3' - 709.05')(130 pcf - 62.4 pcf) + (9378 psf)(0.15)
= 2826 psf + (1.0")(57.6 pcf) + (1.3")(67.6 pcf) + (1407 psf)
=4374.7 psf
Point 7
= 2968 psf + (709.05' - 707.8")(130 pcf - 62.4 pcf) + (707.8' - 703.8")(120 pcf - 62.4 pcf) + (9378 psf)(0.13)
= 2968 psf + (1.3")(67.6 pcf) + (4.0")(57.6 pcf) + (1219 psf)
=4502.14 psf
Point 8

= 3283 psf + (703.8' - 699.8')(120 pef - 62.4 pef) + (699.8' - 696.3')(130 pef - 62.4 pef) + (9378 pshH)(0.11)
= 3283 psf + (4.0)(57.6 pcf) + (3.5)(67.6 pcf) + (1032 psf)
= 4781.58 psf




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01
PROJECT FRA-70-14.48 SHEET NO. 4 OF 5
SUBJECT FRA-70-1716 Pier Load Case EHr & LL2 COMP. BY EWT DATE 06/11/13
Settlement - Pier Load Case EHr&LL2 CHECKED BY BTA DATE 06/11/13
Proposed Loading
Assume loading= 9378 psf
Assume width= 7.3 ft
0 15" 0.21B
Point1 (737.5') Depth= (739.0' - 737.5') =15 > 7.3' ' - i= 1.00 Fig10.6.2.4.1-1a(10-49)
o', + Ao,
Granular - AH= H, log( , ) Cy=  0.77log( e )= 0.93  Ng= 62 Nlge= 62* 0.93 =57.8
o .
C'= 200 Fig 10.6.2.4.2-1 (10-52) "Well graded silty sand and gravel"
1 10.7 ksf
AH= 3.0' lo =0.011ft =0.13in 2H=0.13in
200 8 ket
80| _ 1.108B
Point2 (731.0") Depth= (739.0' - 731.0') =8.0' > 7.3' ' - i= 0.51 Fig10.6.2.4.1-1a(10-49)
o', + Ao,
Granular - AH= H, log( , ) Cy=  0.77log( s )= 0.89  Ng= 59 Nlge= 59* 0.89 =52.2
o', .
C'=175 Fig 10.6.2.4.2-1 (10-52) "Well graded silty sand and gravel"
6.5 ksf
AH= 10.0' lo =0.024ft =0.28in JH=0.41in
175 Skt
18.6' 5 c6B
Point3 (720.4') Depth= (739.0' - 720.4') =18.6' > 7.3' ' - i= 0.25 Fig10.6.2.4.1-1a(10-49)
o', + Ao,
Granular - AH= H, log( , ) Cy=  0.77log( 32 )= 0.82  Ng= 69 Nlg= 69* 0.82 =56.6
o .
C'= 195 Fig 10.6.2.4.2-1(10-52) "Well graded silty sand and gravel”
1 4.6 ksf
AH= 11.2' lo =0.010ft =0.12in 2H=0.53in
105 %31t
25.5' - 3518
Point4 (713.6') Depth= (739.0' - 713.6') =25.5' > 7.3' ' - i= 0.18 Fig10.6.2.4.1-1a(10-49)
o', + Ao,
Granular - AH= H, log( , ) Cy=  0.77log( 28 )= 0.78  Ngo= 84 Nlg= 84* 0.78 =65.8
o .
C'= 155 Fig 10.6.2.4.2-1 (10-52) "Well graded silty sand"
1 4.4 ksf
AH= 2.5 lo =0.002ft =0.02in 2H=0.55in
155 &S er
27.7' - 3828
Point5 (711.3") Depth= (739.0' - 711.3') =27.7" > 7.3' ' - i= 0.16 Fig10.6.2.4.1-1a(10-49)
o', + Ao,
Granular - AH= H, log( , ) Cy=  0.77log( 70 )= 0.77 — Ngo= 50+  Nlg= 50+ - 50
o .
C'=160 Fig 10.6.2.4.2-1(10-52) "Inorganic silt"
1 4.3 ksf
AH= 2.0' lo =0.001ft =0.01in 2H=0.56in
160 Skt !




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

PROJECT FRA-70-14.48 SHEET NO. 4 OF 5
SUBJECT FRA-70-1716 Pier Load Case EHr & LL2 COMP. BY EWT DATE 06/11/13
Settlement - Pier Load Case EHr&LL2 CHECKED BY BTA  DATE 06/11/13

Proposed Loading
Assume loading = 9378 psf
Assume width = 7.3 ft

0 30.0'
= 4.13B
Point6 (709.1") Depth= (739.0' - 709.1') =30.0' - 7.3' - i= 0.15 Fig10.6.2.4.1-1a(10-49)
: Hc o's wc 8 2.75*WC  2.75x 8
Cohesive > S=——— C, log( ) C.= = = 0.008 e,= = = 0.220
l1+e, o', 1000 1000 100 100

C,, e, - FHWA Soils and Foundations (PG 152)

2.5 ft 4.4 ksf
S&—— 0.008 log(—— =0.001ft =0.01in 2H=0.57in
1+ 022 Skt
352 _ 4g58
Point7 (703.8') Depth= (739.0' - 703.8') =35.2' > 7.3' ' - i= 0.13 Fig10.6.2.4.1-1a(10-49)
1 o', + Ao,
Granular - AH= H, - log( , ) Cy=  0.77log( )= 0.74  Ngo= 50+  Nlg= 50+ - 50
00
C'=160 Fig 10.6.2.4.2-1(10-52) "Inorganic silt"
1 4.5 ksf
AH= 8.0 lo =0.002ft =0.03in 2H=0.60in
160 a1k
42.7" 5 338
Point8 (696.3') Depth= (739.0' - 696.3') =427 >  7.3' ' > i= 011 Fig10.6.2.4.1-1a(10-49)
. H, o' e 24 2.75*WC  275x 24
Cohesive > S=——— C, log( ) C.= = = 0.024 e,= = = 0.660
l1+e, o', 1000 1000 100 100
C,, e, - FHWA Soils and Foundations (PG 152)
7.0 ft 4.8 ksf
S=—— 1 0024 log(——=""__) -0.002ft =0.03in SH=0.63in

1+ 0.66 4.6 ksf




13-Jun-13
Bridge 1716: Critical Case Determination for Settlement Analysis

Footing thickness= 4 ft
Weight of footing based on design dimensions= 882 kips
Bearing Elevation= 739 ft
Top of footing= 743 ft
Proposed grade elevation = 753.3 ft#

EHr&LL1 W= 7.27 #Est'lmated finished grade
L'= 99.30 |JatPierl
EHr&LL2 o= 7.26
L'= 99.38
EHralls MY = 7.27
L'= 98.93
EHA&LLL |V = 9.10
L'= 99.30
EHd&LL2 |V = 9.04
L'= 99.38
EHA&LL3 |V = 9.07
L'= 98.93

EHd: Horizontal loads as a driving force
EHr: Horizontal loads as a resisting force

LL: Live Load

W' effective footing width, ft
L": effective footing length, ft

Load Case [Vertical Load from Loading sheet* Vertical Load minus footing weight
EHr&LL1 7,702 kips 6820.00 kips
EHr&LL2 7,926 kips 7044.00 kips
EHr&LL3 7,800 kips 6918.00 kips
EHd&LL1 7,702 kips 6820.00 kips
EHd&LL2 7,926 kips 7044.00 kips
EHd&LL3 7,800 kips 6918.00 kips
*Vert Load=LL+DL+DW+Self WT+Footing
Vertical Load excluding concrete
Load Case |weight below proposed grade™ Load Case Pressure due to vertical Load*
EHr&LL1 6,542 kips EHr&LL1 9,062 psf
EHr&LL2 6,766 kips EHr&LL2 9,378 psf
EHr&LL3 6,640 kips EHr&LL3 9,232 psf
EHd&LL1 6,542 kips EHd&LL1 7,240 psf
EHd&LL2 6,766 kips EHd&LL2 7,531 psf
EHd&LL3 6,640 kips EHJ&LL3 7,400 psf
"Pier (concrete weight) between proposed grade & top of footing: *Pressure due to vertical load, excluding concrete
Pier height between proposed grade & top of footing= 10.3 feet weight below proposed grade, on effective
Pier Column width= 3 feet footing dimensions.
Net Length of Pier= 60 feet
Total length of void in pier column = 45 feet
Length of Pier= 105 feet

I value at midpoint of layer

Load Case 1 2 3 4 5 6 7 8
EHr&LL1 1 0.51 0.25 0.18 0.16 0.15 0.13 0.11
EHr&LL2 1 0.51 0.25 0.18 0.16 0.15 0.13 0.11
EHr&LL3 1 0.51 0.25 0.18 0.16 0.15 0.13 0.11
EHd&LL1 1 0.6 0.3 0.23 0.2 0.19 0.16 0.14
EHd&LL2 1 0.6 0.3 0.22 0.2 0.19 0.16 0.13
EHd&LL3 1 0.6 0.3 0.22 0.2 0.19 0.16 0.13
i: influence factor

change in pressure due to vertical loads™
EHr&LL1 9,062 4,622 2,265 1,631 1,450 1,359 1,178 997
EHr&LL2 9,378 4,783 2,344 1,688 1,500 1,407 1,219 1,032
EHr&LL3 9,232 4,708 2,308 1,662 1,477 1,385 1,200 1,016
EHd&LL1 7,240 4,344 2,172 1,665 1,448 1,376 1,158 1,014
EHd&LL2 7,531 4,519 2,259 1,657 1,506 1,431 1,205 979
EHd&LL3 7,400 4,440 2,220 1,628 1,480 1,406 1,184 962

"Vertical loads excluding concrete weight below proposed grade.

Yellow-highlighted
is the critical case.




Pier 2



19-Aug-13 Bridge 1716
PIER #2
WL Case 1 Units in kips Unfactored LL | Unfactored DL | Unfactored DW Self Weight Unfactored WS Footing Factored LL Factored DL | Factored DW [F. Self Weight Factored WS F. Footing
Service Case Factors LL Case 1 329 3,816 549 1,456 0 832 329 3,816 549 1456 0 832.44
LL Case 2 198 3,816 549 1,456 0 832 198 3,816 549 1456 0 832.44
WL 1 LLCase 3 420 3,816 549 1,456 0 832 420 3,816 549 1456 0 832.44
ws 03
TU 1
L 1
LS 1 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LL moment DL moment DW moment | Self moment BR moment F. WL moment | F. WS moment | F. EH moment | F. CE moment | F. TU moment | F.LL moment F. DL moment F.DW moment |F. Self moment] F BR moment
bc 1 LLCase 1 488 704 0 161 430 11,548 5,138 630 0 176 LLCase 1 488 211 0 161 430 11,548 5,138 630 0 176
EH 1 LL Case 2 488 704 0 161 430 7,919 5,138 630 0 176 LL Case 2 488 211 0 161 430 7,919 5,138 630 0 176
. Factored Transverse
CE 1 LLCase 3 488 704 0 161 430 12,621 5,138 630 0 176 Transverse Loadlng LLCase 3 488 211 0 161 430 12,621 5,138 630 0 176 R
Loading
DW 1
BR 1
W= 14.00
LL Case 1
L= 99.10 Units in kip-ft ‘WL moment WS moment EH moment CE moment TU moment LS moment DL moment DW moment Self moment BR moment F. WL moment | F. WS moment [ F. EH moment | F. CE moment | F. TU moment | F.LL moment F. DL moment F. DW moment [F. Self moment F BR moment
W= 14.00 LLCase 1 22 1,704 1,009 10 6,272 558 0 0 0 2,574 LLCase 1 22 511 1,009 10 6,272 558 0 0 0 2,574
LL Case 2
L= 99.10 LL Case 2 22 1,704 1,009 10 6,272 558 0 0 0 2,574 LL Case 2 22 511 1,009 10 6,272 558 [ [ 0 2,574
N " Factored Longitudinal
W= 14.00 LLCase 3 22 1,704 1,009 10 6,272 558 0 0 0 2,574 Longltudlnal Loadlng LLCase 3 22 511 1,009 10 6,272 558 [ [ 0 2,574 N
LL Case 3 Loading
L= 99.10
Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e
LL Case 1 18,782 6,982 2.69 Loading Pressure
LL Case 2 15,153 6,851 221 Based on Effective Footing Size
w'= 10.86 LLCase3 19,855 7,073 281 Factored Transverse Loading
LL Case 1
L'= 93.72 LLCase 1 6,859 psf
W= 10.80 LL Case 2 6,700 psf
LL Case 2
L'= 94.68 LLCase 3 6,940 psf
W' = 10.90
LL Case 3
L'= 93.49 Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e
LLCase 1 10,956 6,982 1.57
LL Case 2 10,956 6,851 1.60
LL Case 3 10,956 7,073 1.55 Factored Longitudinal Loading
4.00

Footing thickness h=




10-Jun-13 Bridge 1716
PIER #2
WL Case 1 Units in kips Unfactored LL | Unfactored DL | Unfactored DW Self Weight Unfactored WS Footing Factored LL Factored DL | Factored DW [F. Self Weight Factored WS F. Footing
Strength I-a Case Factors LL Case 1 329 3,816 549 1,456 0 832 576 3,434 356.85 13104 0 749.196
LL Case 2 198 3,816 549 1,456 0 832 347 3,434 356.85 13104 [ 749.196
WL 0 LLCase 3 420 3,816 549 1,456 0 832 735 3,434 356.85 1310.4 0 749.196
ws 0
v 05
w 175
LS 1.75 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LL moment DL moment DW moment | Self moment BR moment F.WLmoment | F. WS moment | F. EH moment | F. CE moment | F. TU moment | F.LL moment F. DL moment F.DW moment |F. Self moment] F BR moment
bc 0.9 LLCase 1 488 704 0 161 430 11,548 5,138 630 0 176 LLCase 1 0 0 0 282 215 20,209 4,624 410 0 308
EH 15 LL Case 2 488 704 0 161 430 7,919 5,138 630 0 176 LL Case 2 0 0 0 282 215 13,858 4,624 410 0 308
. Factored Transverse
CE 1.75 LLCase 3 488 704 0 161 430 12,621 5,138 630 0 176 Transverse Loadlng LLCase 3 0 0 0 282 215 22,087 4,624 410 0 308 R
2 Loading
bw 0.65
BR 175
W= 14.00
LL Case 1
L= 99.10 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LS moment DL moment DW moment Self moment BR moment F. WL moment | F. WS moment [ F. EH moment | F. CE moment | F. TU moment | F.LL moment F. DL moment F. DW moment [F. Self moment F BR moment
W= 14.00 LLCase 1 22 1,704 1,009 10 6,272 558 0 0 0 2,574 LLCase 1 0 0 1,514 18 3,136 977 0 0 0 4,505
LL Case 2
L= 99.10 LL Case 2 22 1,704 1,009 10 6,272 558 0 0 0 2,574 LL Case 2 0 0 1,514 18 3,136 977 0 0 0 4,505
N " Factored Longitudinal
W= 14.00 LLCase 3 22 1,704 1,009 10 6,272 558 0 0 0 2,574 Longltudlnal Loadlng LL Case 3 0 0 1,514 18 3,136 977 0 0 0 4,505 N
LL Case 3 Loading
L= 99.10
Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e Cmax® e<enay
LL Case 1 26,047 6,427 4.05 33.03 Yes Loading Pressure
LL Case 2 19,697 6,197 3.18 33.03 Yes Based on Effective Footing Size
W' = 10.84 LL Case 3 27,925 6,586 4.24 33.03 Yes Factored Transverse Loading
LL Case 1
L'= 90.99 LLCase 1 6,514|psf
W= 10.73 LL Case 2 6,231|psf
LL Case 2
L'= 92.74 *Eccentricity Check AASHTO 10.6.3.3, 6th Edition LL Case 3 6,656|psf
W' = 10.92
LL Case 3
L'= 90.62 Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e Cmax™ €<€pax
LL Case 1 10,148 6,427 1.58 467 Yes
LL Case 2 10,148 6,197 1.64 4.67 Yes
LL Case 3 10,148 6,586 1.54 4.67 Yes Factored Longitudinal Loading
4.00 *Eccentricity Check AASHTO 10.6.3.3, 6th Edition

Footing thickness h=




10-Jun-13 Bridge 1716
PIER #2
WL Case 1 Units in kips Unfactored LL | Unfactored DL | Unfactored DW Self Weight Unfactored WS Footing Factored LL Factored DL | Factored DW [F. Self Weight Factored WS F. Footing
Strength I-b Case Factors LL Case 1 329 3,816 549 1,456 0 832 576 4,770 823.5 1820 [ 1040.55
LL Case 2 198 3,816 549 1,456 0 832 347 4,770 823.5 1820 [ 1040.55
WL 0 LLCase 3 420 3,816 549 1,456 0 832 735 4,770 823.5 1820 0 1040.55
ws 0
v 05
w 175
LS 1.75 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LL moment DL moment DW moment | Self moment BR moment F.WLmoment | F. WS moment | F. EH moment | F. CE moment | F. TU moment | F.LL moment F. DL moment F.DW moment |F. Self moment] F BR moment
bc 1.25 LLCase 1 488 704 0 161 430 11,548 5,138 630 0 176 LLCase 1 0 0 0 282 215 20,209 6,423 945 0 308
EH 15 LL Case 2 488 704 0 161 430 7,919 5,138 630 0 176 LL Case 2 0 0 0 282 215 13,858 6,423 945 0 308
. Factored Transverse
CE 1.75 LLCase 3 488 704 0 161 430 12,621 5,138 630 0 176 Transverse Loadlng LLCase 3 0 0 0 282 215 22,087 6,423 945 0 308 R
2 Loading
bw 15
BR 1.75
W= 14.00
LL Case 1
L= 99.10 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LS moment DL moment DW moment Self moment BR moment F. WL moment | F. WS moment [ F. EH moment | F. CE moment | F. TU moment | F.LL moment F. DL moment F. DW moment [F. Self moment F BR moment
W= 14.00 LLCase 1 22 1,704 1,009 10 6,272 558 0 0 0 2,574 LLCase 1 0 0 1,514 18 3,136 977 0 0 0 4,505
LL Case 2
L= 99.10 LL Case 2 22 1,704 1,009 10 6,272 558 0 0 0 2,574 LL Case 2 0 0 1,514 18 3,136 977 [ 0 0 4,505
N " Factored Longitudinal
W= 14.00 LLCase 3 22 1,704 1,009 10 6,272 558 0 0 0 2,574 Longltudlnal Loadlng LL Case 3 0 0 1,514 18 3,136 977 [ 0 0 4,505 N
LL Case 3 Loading
L= 99.10
Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e
LLCase 1 28,381 9,030 3.14 Loading Pressure
LL Case 2 22,031 8,801 2.50 Based on Effective Footing Size
W= 11.75 LLCase3 30,259 9,189 329 Factored Transverse Loading
LL Case 1
L'= 92.81 LLCase 1 8,278|psf
W= 11.69 LL Case 2 7,998|psf
LL Case 2
L'= 94.09 LLCase 3 8,424|psf
W' = 11.79
LL Case 3
L'= 92.51 Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e
LL Case 1 10,148 9,030 112
LL Case 2 10,148 8,801 115
LL Case 3 10,148 9,189 1.10 Factored Longitudinal Loading
4.00

Footing thickness h=




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

;D I : Z PROJECT  FRA-70-14.48 SHEET NO. 1 OF 2
i SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13

Bearing Capacity - Pier 2 (WL1 & LL1) CHECKED BY BTA  DATE 06/10/13
Bearing Depth = 746.0 ft Foot. Width (B') = 11.8ft  Foot. Length (L') = 92.8 ft
Unfactored Dead Load = 6104.00 kips Unfactored Live Load = 329.00 kips Load = 75.23 k/If
Unfactored DW = 549.00 kips Dead Load=(DL)+(Self Wt)+(Footing Wt)
Max Factored Dead Load = 7630.00 kips Max Factored Live Load = 575.75 kips F. Load = 97.29 k/If
Max Factored DW = 823.50 kips
Calculate factored bearing resistance (qz) Reference: AASHTO LRFD Bridge Design Specifications
dr = PpQn Eg. 10.6.3.1.1-1
0n = CNem + YDNgmCuig + 0.5VBN, Cy Eq. 10.6.3.1.2a-1,2,3,4
( N = NcSic Ngm = Nqsqdqiq Nym= stviv ) Assume inclination factors (i i ,,i,) = 1.0
40 Eq. 10.4.6.2.4-1
Calc.Cy » 0.77log(— ) >  0.77 log( ) = 1.00
O'vo 2.02
Calc. N1gy > CyNeo Nep= 34 (Boring B-287-1-10) Eq. 10.4.6.2.4-3
Nlgp= 340 > 5= 35° to 40° Use@;= 36° Table 10.4.6.2.4-1
@r= 36° > Ng= 378 N,= 56.3 Table 10.6.3.1.2a-1
Groundwater at 746.0ft - (746' - 746'") = 0.0' Water is within 1.5B of bearing depth

Cuq= 1.0, Cu= 05  Table 10.6.3.1.2a-2

92.8'
dg= 1.0 Table 10.6.3.1.20-4

B B
s7=1-0.4(T)=1- 0.4 ( ) =095 , s4=1 + (T tang; ) =1+ ( tan362 ) = 1.09

0,=0+ (120.0 pcf) (1.0ft) (37.8) (1.09) (1.0) (1.0) + (0.5) (2120.0 pcf) (11.8 ft) (56.3) (0.95) (0.5)

d,= 4953.2 + 18841 Fora 11.8 ft wide footing (eff. width 11.8ft ) an= 23.8 ksf
Resistance Factor (¢,) = 0.45 strength limit state Section 10.5.5.2
Table 10.5.5.2.2-1
Odr = ®pdn = (0.45) (23.8 ksf) = 10.7 ksf > 8.3 ksf (= 97.29k/If / 11.8ft )

Note on D; = 1.0 foot:

The ground surface on the west side of the footing will slope to a ditch (elevation 747), approx. 30' from the
footing. For bearing resistance calculation, the bottom of the footing was set at elevation 746, one foot below
the toe of the sloping ground to avoid any reduction in Ny D; was measured from the nearest level ground to

the bottom of the footing.




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

;D I : Z PROJECT  FRA-70-14.48 SHEET NO. 2 OF 2
il SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13

Sliding - Pier 2 (WL1 & LL1) CHECKED BY BTA DATE 06/10/13
Sliding (Rg)
Rr = OR, = @R + @ Rep assume passive resistance, R, is 0 Eq. 10.6.3.4-1
Cohesionless foundation soil - nominal sliding resistance R,=V tan § Eq. 10.6.3.4-2
tan 6 = 1.0 *tan o for concrete cast against soil Section 10.6.3.4
=1.0 * tan36 =0.73
Resistance factor (¢.):
concrete on sand - ¢o.= 0.80 Table 10.5.5.2.2-1
Foot. Length (L') = 91.0 ft - Effective Footing Length based on Strength I-a
Foot. Width (W') = 10.8 ft -> Effective Footing Width based on Strength I-a
Sum of Factored Transverse Loads= 21.5 kips
Sum of Factored Longitudinal Loads= 784.8  Kkips
Resultant of Total Factored Transverse
and Longitudinal Loads= 785.0  kips
Sum of Factored Vertical loads, Vo= 6426.2  kips

RT= VTOT tan(ﬂ
R= 4669 kips

For Rg=| 3,735 kips Active Driving Horizontal Force, Hor = 785.0 kips

Conservatively, the absolute magnitude of the

SLIDING IS: horizontal forces were used to determine

the active driving horizontal force.

Note: No active or passive soil forces were included in the analysis

Loading Information Provided: Strength I-a
Transverse Loads at Pier Location: Longitudinal Loads at Pier Location: Load Factors:
WL= 11.0 kips WL= 1.0 kips 0
WS= 20.0 kips WS=  60.0 kips 0
EH= 0.0 kips EH= 268.0 kips 1.5
CE+LS= 4.0 kips CE+LS= 99.0 kips 1.75 CE and LS
TU= 15.0 kips TU=  216.0 kips 0.5
BR= 4 kips BR= 58  kips 1.75
Vertical Unfactored LL= 329.0ft kips 1.75
Vertical Unfactored DL= 6104.0 ft kips 0.9

Verical Unfactored DW= 549.0ft  kips 0.65




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

;D I : Z PROJECT  FRA-70-14.48 SHEET NO. 1 OF 2
i SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13

Bearing Capacity - Pier 2 (WL1 & LL2) CHECKED BY BTA DATE 06/10/13

Bearing Depth = 746.0 ft Foot. Width (B') = 11.7 ft  Foot. Length (L') = 94.1 ft

Unfactored Dead Load = 6104.00 kips Unfactored Live Load = 198.00 kips Load = 72.81 k/If
Unfactored DW = 549.00 kips Dead Load=(DL)+(Self Wt)+(Footing Wt)

Max Factored Dead Load = 7630.00 kips Max Factored Live Load = 346.50 kips F. Load = 93.53 k/If

Max Factored DW = 823.50 kips
Calculate factored bearing resistance (qz) Reference: AASHTO LRFD Bridge Design Specifications

dr = Pu0n Eqg. 10.6.3.1.1-1

Gn = CNem + YDNgmCug + 0.5VBNyCovy Eq. 10.6.3.1.2a-1,2,3,4

( Nem = NS Ngm = NgSqdgiq Nym=NyS,i, ) Assume inclination factors (i ,i ,,i,) = 1.0

Eq. 10.4.6.2.4-1

40
Calc.Cy > 0.77 log ( ) > 0.77log |

; ) = 1.00
Ovo 2.02

Calc. N1gp >  CyNgo Neo= 34 (Boring B-287-1-10) Eq. 10.4.6.2.4-3
Nlg= 340 > @= 35 to 40° Use@;= 36° Table 10.4.6.2.4-1
;= 36° > Ng= 378 N~ 56.3 Table 10.6.3.1.2a-1

Groundwater at 746.0ft - (746' - 746'") = 0.0' Water is within 1.5B of bearing depth
Cwqg= 10, C,,= 05 Table 10.6.3.1.2a-2

94.1'
dg= 1.0 Table 10.6.3.1.20-4

B B
s7=1-0.4(T)=1- 0.4 ( ) =095 , s4=1 + (T tang; ) =1+ ( tan362 ) = 1.09

0,=0+ (120.0 pcf) (1.0ft) (37.8) (1.09) (1.0) (1.0) + (0.5) (2120.0 pcf) (11.7 ft) (56.3) (0.95) (0.5)

d,= 49455 + 18763 Fora 11.7 ft wide footing (eff. width 11.7ft ) an= 23.7 ksf
Resistance Factor (¢,) = 0.45 strength limit state Section 10.5.5.2
Table 10.5.5.2.2-1
Odr = ®pdn = (0.45) (23.7 ksf) = 10.7 ksf > 8.0 ksf (= 93.53 k/If / 11.7ft )

Note on D; = 1.0 foot:

The ground surface on the west side of the footing will slope to a ditch (elevation 747), approx. 30' from the
footing. For bearing resistance calculation, the bottom of the footing was set at elevation 746, one foot below
the toe of the sloping ground to avoid any reduction in Ny D; was measured from the nearest level ground to

the bottom of the footing.




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

;D I : Z PROJECT  FRA-70-14.48 SHEET NO. 2 OF 2
il SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13

Sliding - Pier 2 (WL1 & LL2) CHECKED BY BTA DATE 06/10/13
Sliding (Rg)
Rr = OR, = @R + @ Rep assume passive resistance, R, is 0 Eq. 10.6.3.4-1
Cohesionless foundation soil - nominal sliding resistance R,=V tan § Eq. 10.6.3.4-2
tan 6 = 1.0 *tan o for concrete cast against soil Section 10.6.3.4
=1.0 * tan36 =0.73
Resistance factor (¢.):
concrete on sand - ¢o.= 0.80 Table 10.5.5.2.2-1
Foot. Length (L') = 92.7 ft - Effective Footing Length based on Strength I-a
Foot. Width (W') = 10.7 ft - Effective Footing Width based on Strength I-a
Sum of Factored Transverse Loads= 18.0 kips
Sum of Factored Longitudinal Loads= 784.8  Kkips
Resultant of Total Factored Transverse
and Longitudinal Loads= 785.0  kips
Sum of Factored Vertical loads, Vo= 6197.0 kips

RT= VTOT tan(ﬂ
R= 4502 kips

For Rg= Active Driving Horizontal Force, Hor = 785.0 kips

Conservatively, the absolute magnitude of the

SLIDING IS: horizontal forces were used to determine

the active driving horizontal force.

Note: No active or passive soil forces were included in the analysis

Loading Information Provided: Strength I-a
Transverse Loads at Pier Location: Longitudinal Loads at Pier Location: Load Factors:
WL= 11.0 kips WL= 1.0 kips 0
WS= 20.0 kips WS=  60.0 kips 0
EH= 0.0 kips EH= 268.0 kips 1.5
CE+LS= 2.0 kips CE+LS= 99.0 kips 1.75 CE and LS
TU= 15.0 kips TU=  216.0 kips 0.5
BR= 4 kips BR= 58  kips 1.75
Vertical Unfactored LL= 198.0ft  kips 1.75
Vertical Unfactored DL= 6104.0 ft kips 0.9

Verical Unfactored DW= 549.0ft  kips 0.65




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

;D I : Z PROJECT  FRA-70-14.48 SHEET NO. 1 OF 2
i SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13

Bearing Capacity - Pier 2 (WL1 & LL3) CHECKED BY BTA  DATE 06/10/13
Bearing Depth = 746.0 ft Foot. Width (B') = 11.8ft  Foot. Length (L') = 92.5 ft
Unfactored Dead Load = 6104.00 kips Unfactored Live Load = 420.00 kips Load = 76.46 k/If
Unfactored DW = 549.00 kips Dead Load=(DL)+(Self Wt)+(Footing Wt)
Max Factored Dead Load = 7630.00 kips Max Factored Live Load = 735.00 kips F. Load = 99.32 k/If
Max Factored DW = 823.50 kips
Calculate factored bearing resistance (qz) Reference: AASHTO LRFD Bridge Design Specifications
dr = PpQn Eg. 10.6.3.1.1-1
0n = CNem + YDNgmCuig + 0.5VBN, Cy Eq. 10.6.3.1.2a-1,2,3,4
( N = NcSic Ngm = Nqsqdqiq Nym= stviv ) Assume inclination factors (i i ,,i,) = 1.0
40 Eq. 10.4.6.2.4-1
Calc.Cy » 0.77log(— ) >  0.77 log( ) = 1.00
O'vo 2.02
Calc. N1gy > CyNeo Nep= 34 (Boring B-287-1-10) Eq. 10.4.6.2.4-3
Nlgp= 340 > 5= 35° to 40° Use@;= 36° Table 10.4.6.2.4-1
@r= 36° > Ng= 378 N,= 56.3 Table 10.6.3.1.2a-1
Groundwater at 746.0ft - (746' - 746'") = 0.0' Water is within 1.5B of bearing depth

Cuq= 1.0, Cu= 05  Table 10.6.3.1.2a-2

92.5'
dg= 1.0 Table 10.6.3.1.20-4

B B
s7=1-0.4(T)=1- 0.4 ( ) =095 , s4=1 + (T tang; ) =1+ ( tan362 ) = 1.09

0,=0+ (120.0 pcf) (1.0ft) (37.8) (1.09) (1.0) (1.0) + (0.5) (2120.0 pcf) (11.8 ft) (56.3) (0.95) (0.5)

a, = 4956 + 18898 Fora 11.8ft wide footing (eff. width 11.8ft ) an= 23.9 ksf
Resistance Factor (¢,) = 0.45 strength limit state Section 10.5.5.2
Table 10.5.5.2.2-1
Odr = ®pdn = (0.45) (23.9 ksf) = 10.7 ksf > 8.4 ksf (= 99.32 k/If / 11.8ft )

Note on D; = 1.0 foot:

The ground surface on the west side of the footing will slope to a ditch (elevation 747), approx. 30' from the
footing. For bearing resistance calculation, the bottom of the footing was set at elevation 746, one foot below
the toe of the sloping ground to avoid any reduction in Ny D; was measured from the nearest level ground to

the bottom of the footing.




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

;D I : Z PROJECT  FRA-70-14.48 SHEET NO. 2 OF 2
il SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13

Sliding - Pier 2 (WL1 & LL3) CHECKED BY BTA DATE 06/10/13
Sliding (Rg)
Rr = OR, = @R + @ Rep assume passive resistance, R, is 0 Eq. 10.6.3.4-1
Cohesionless foundation soil - nominal sliding resistance R,=V tan § Eq. 10.6.3.4-2
tan 6 = 1.0 *tan o for concrete cast against soil Section 10.6.3.4
=1.0 * tan36 =0.73
Resistance factor (¢.):
concrete on sand - ¢o.= 0.80 Table 10.5.5.2.2-1
Foot. Length (L') = 90.6 ft —> Effective Footing Length based on Strength I-a
Foot. Width (W') = 10.9ft -> Effective Footing Width based on Strength I-a
Sum of Factored Transverse Loads= 23.3 kips
Sum of Factored Longitudinal Loads= 784.8  Kkips
Resultant of Total Factored Transverse
and Longitudinal Loads= 785.1  kips
Sum of Factored Vertical loads, Vo= 6585.5  kips

RT= VTOT tan(ﬂ
R= 4785 kips

For Re=| 3,828 kips Active Driving Horizontal Force, Hor = 785.1 kips

Conservatively, the absolute magnitude of the

SLIDING IS: horizontal forces were used to determine

the active driving horizontal force.

Note: No active or passive soil forces were included in the analysis

Loading Information Provided: Strength I-a
Transverse Loads at Pier Location: Longitudinal Loads at Pier Location: Load Factors:
WL= 11.0 kips WL= 1.0 kips 0
WS= 20.0 kips WS=  60.0 kips 0
EH= 0.0 kips EH= 268.0 kips 1.5
CE+LS= 5.0 kips CE+LS= 99.0 kips 1.75 CE and LS
TU= 15.0 kips TU=  216.0 kips 0.5
BR= 4 kips BR= 58  kips 1.75
Vertical Unfactored LL= 420.0ft  kips 1.75
Vertical Unfactored DL= 6104.0 ft kips 0.9

Verical Unfactored DW= 549.0ft  kips 0.65




10-Jun-13 Bridge 1716
PIER #2
WL Case 2 Units in kips Unfactored LL | Unfactored DL | Unfactored DW Self Weight Unfactored WS Footing Factored LL Factored DL | Factored DW [F. Self Weight Factored WS F. Footing
Service Case Factors LL Case 1 329 3,816 549 1,456 0 832 329 3,816 549 1456 0 832.44
LL Case 2 198 3,816 549 1,456 0 832 198 3,816 549 1456 0 832.44
WL 1 LLCase 3 420 3,816 549 1,456 0 832 420 3,816 549 1456 0 832.44
ws 03
TU 1
L 1
LS 1 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LL moment DL moment DW moment | Self moment BR moment F. WL moment | F. WS moment | F. EH moment | F. CE moment | F. TU moment | F.LL moment F. DL moment F.DW moment |F. Self moment] F BR moment
bc 1 LLCase 1 53 704 0 161 430 11,548 5,138 630 0 176 LLCase 1 53 211 0 161 430 11,548 5,138 630 0 176
EH 1 LL Case 2 53 704 0 161 430 7,919 5,138 630 0 176 LL Case 2 53 211 0 161 430 7,919 5,138 630 0 176
. Factored Transverse
CE 1 LLCase 3 53 704 0 161 430 12,621 5,138 630 0 176 Transverse Loadlng LLCase 3 53 211 0 161 430 12,621 5,138 630 0 176 R
Loading
DW 1
BR 1
W= 14.00
LL Case 1
L= 99.10 Units in kip-ft ‘WL moment WS moment EH moment CE moment TU moment LS moment DL moment DW moment Self moment BR moment F. WL moment | F. WS moment [ F. EH moment | F. CE moment | F. TU moment | F.LL moment F. DL moment F. DW moment [F. Self moment F BR moment
W= 14.00 LLCase 1 138 1,704 1,009 10 6,272 558 0 0 0 2,574 LLCase 1 138 511 1,009 10 6,272 558 0 0 0 2,574
LL Case 2
L= 99.10 LL Case 2 138 1,704 1,009 10 6,272 558 0 0 0 2,574 LL Case 2 138 511 1,009 10 6,272 558 [ 0 0 2,574
N " Factored Longitudinal
W= 14.00 LLCase 3 138 1,704 1,009 10 6,272 558 0 0 0 2,574 Longltudlnal Loadlng LLCase 3 138 511 1,009 10 6,272 558 [ 0 0 2,574 N
LL Case 3 Loading
L= 99.10
Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e
LL Case 1 18,347 6,982 2.63 Loading Pressure
LL Case 2 14,718 6,851 2.15 Based on Effective Footing Size
w'= 10.83 LLCase3 19,420 7,073 275 Factored Transverse Loading
LL Case 1
L'= 93.84 LLCase 1 6,871|psf
W= 10.77 LL Case 2 6,712|psf
LL Case 2
L'= 94.80 LLCase 3 6,952|psf
W' = 10.87
LL Case 3
L'= 93.61 Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e
LLCase 1 11,072 6,982 1.59
LL Case 2 11,072 6,851 1.62
LL Case 3 11,072 7,073 1.57 Factored Longitudinal Loading
4.00

Footing thickness h=




10-Jun-13 Bridge 1716
PIER #2
WL Case 2 Units in kips Unfactored LL | Unfactored DL | Unfactored DW Self Weight Unfactored WS Footing Factored LL Factored DL | Factored DW [F. Self Weight Factored WS F. Footing
Strength I-a Case Factors LL Case 1 329 3,816 549 1,456 0 832 576 3,434 356.85 13104 0 749.196
LL Case 2 198 3,816 549 1,456 0 832 347 3,434 356.85 13104 [ 749.196
WL 0 LLCase 3 420 3,816 549 1,456 0 832 735 3,434 356.85 1310.4 0 749.196
ws 0
v 05
w 175
LS 1.75 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LL moment DL moment DW moment | Self moment BR moment F.WLmoment | F. WS moment | F. EH moment | F. CE moment | F. TU moment | F.LL moment F. DL moment F.DW moment |F. Self moment] F BR moment
bc 0.9 LLCase 1 53 704 0 161 430 11,548 5,138 630 0 176 LLCase 1 0 0 0 282 215 20,209 4,624 410 0 308
EH 15 LL Case 2 53 704 0 161 430 7,919 5,138 630 0 176 LL Case 2 0 0 0 282 215 13,858 4,624 410 0 308
. Factored Transverse
CE 1.75 LLCase 3 53 704 0 161 430 12,621 5,138 630 0 176 Transverse Loadlng LLCase 3 0 0 0 282 215 22,087 4,624 410 0 308 R
2 Loading
bw 0.65
BR 175
W= 14.00
LL Case 1
L= 99.10 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LS moment DL moment DW moment Self moment BR moment F. WL moment | F. WS moment [ F. EH moment | F. CE moment | F. TU moment | F.LL moment F. DL moment F. DW moment [F. Self moment F BR moment
W= 14.00 LLCase 1 138 1,704 1,009 10 6,272 558 0 0 0 2,574 LLCase 1 0 0 1,514 18 3,136 977 0 0 0 4,505
LL Case 2
L= 99.10 LL Case 2 138 1,704 1,009 10 6,272 558 0 0 0 2,574 LL Case 2 0 0 1,514 18 3,136 977 0 0 0 4,505
N " Factored Longitudinal
W= 14.00 LLCase 3 138 1,704 1,009 10 6,272 558 0 0 0 2,574 Longltudlnal Loadlng LL Case 3 0 0 1,514 18 3,136 977 0 0 0 4,505 N
LL Case 3 Loading
L= 99.10
Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e Cmax® e<enay
LL Case 1 26,047 6,427 4.05 33.03 Yes Loading Pressure
LL Case 2 19,697 6,197 3.18 33.03 Yes Based on Effective Footing Size
W' = 10.84 LL Case 3 27,925 6,586 4.24 33.03 Yes Factored Transverse Loading
LL Case 1
L'= 90.99 LLCase 1 6,514|psf
W= 10.73 LL Case 2 6,231|psf
LL Case 2
L'= 92.74 *Eccentricity Check AASHTO 10.6.3.3, 6th Edition LL Case 3 6,656|psf
W' = 10.92
LL Case 3
L'= 90.62 Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e Cmax™ €<€pax
LL Case 1 10,148 6,427 1.58 467 Yes
LL Case 2 10,148 6,197 1.64 4.67 Yes
LL Case 3 10,148 6,586 1.54 4.67 Yes Factored Longitudinal Loading
4.00 *Eccentricity Check AASHTO 10.6.3.3, 6th Edition

Footing thickness h=




10-Jun-13 Bridge 1716
PIER #2
WL Case 2 Units in kips Unfactored LL | Unfactored DL | Unfactored DW Self Weight Unfactored WS Footing Factored LL Factored DL | Factored DW [F. Self Weight Factored WS F. Footing
Strength I-b Case Factors LL Case 1 329 3,816 549 1,456 0 832 576 4,770 823.5 1820 [ 1040.55
LL Case 2 198 3,816 549 1,456 0 832 347 4,770 823.5 1820 [ 1040.55
WL 0 LLCase 3 420 3,816 549 1,456 0 832 735 4,770 823.5 1820 0 1040.55
ws 0
v 05
w 175
LS 1.75 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LL moment DL moment DW moment | Self moment BR moment F.WLmoment | F. WS moment | F. EH moment | F. CE moment | F. TU moment | F.LL moment F. DL moment F.DW moment |F. Self moment] F BR moment
bc 1.25 LLCase 1 53 704 0 161 430 11,548 5,138 630 0 176 LLCase 1 0 0 0 282 215 20,209 6,423 945 0 308
EH 15 LL Case 2 53 704 0 161 430 7,919 5,138 630 0 176 LL Case 2 0 0 0 282 215 13,858 6,423 945 0 308
. Factored Transverse
CE 1.75 LLCase 3 53 704 0 161 430 12,621 5,138 630 0 176 Transverse Loadlng LLCase 3 0 0 0 282 215 22,087 6,423 945 0 308 R
2 Loading
bw 15
BR 1.75
W= 14.00
LL Case 1
L= 99.10 Units in kip-ft WL moment WS moment EH moment CE moment TU moment LS moment DL moment DW moment Self moment BR moment F. WL moment | F. WS moment [ F. EH moment | F. CE moment | F. TU moment | F.LL moment F. DL moment F. DW moment [F. Self moment F BR moment
W= 14.00 LLCase 1 138 1,704 1,009 10 6,272 558 0 0 0 2,574 LLCase 1 0 0 1,514 18 3,136 977 0 0 0 4,505
LL Case 2
L= 99.10 LL Case 2 138 1,704 1,009 10 6,272 558 0 0 0 2,574 LL Case 2 0 0 1,514 18 3,136 977 [ 0 0 4,505
N " Factored Longitudinal
W= 14.00 LLCase 3 138 1,704 1,009 10 6,272 558 0 0 0 2,574 Longltudlnal Loadlng LL Case 3 0 0 1,514 18 3,136 977 [ 0 0 4,505 N
LL Case 3 Loading
L= 99.10
Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e
LLCase 1 28,381 9,030 3.14 Loading Pressure
LL Case 2 22,031 8,801 2.50 Based on Effective Footing Size
W= 11.75 LLCase3 30,259 9,189 329 Factored Transverse Loading
LL Case 1
L'= 92.81 LLCase 1 8,278|psf
W= 11.69 LL Case 2 7,998|psf
LL Case 2
L'= 94.09 LLCase 3 8,424|psf
W' = 11.79
LL Case 3
L'= 92.51 Factored Moments Sum (kip-ft) Sum Factored Vertical (kips) e
LL Case 1 10,148 9,030 112
LL Case 2 10,148 8,801 115
LL Case 3 10,148 9,189 1.10 Factored Longitudinal Loading
4.00

Footing thickness h=




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

;D I : Z PROJECT  FRA-70-14.48 SHEET NO. 1 OF 2
i SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13

Bearing Capacity - Pier 2 (WL2 & LL1) CHECKED BY BTA DATE 06/10/13

Bearing Depth = 746.0 ft Foot. Width (B') = 11.8ft  Foot. Length (L') = 92.8 ft

Unfactored Dead Load = 6104.00 kips Unfactored Live Load = 329.00 kips Load = 75.23 k/If
Unfactored DW = 549.00 kips Dead Load=(DL)+(Self Wt)+(Footing Wt)

Max Factored Dead Load = 7630.00 kips Max Factored Live Load = 575.75 kips F. Load = 97.29 k/If

Max Factored DW = 823.50 kips
Calculate factored bearing resistance (qz) Reference: AASHTO LRFD Bridge Design Specifications

dr = Pu0n Eqg. 10.6.3.1.1-1

Gn = CNem + YDNgmCug + 0.5VBNyCovy Eq. 10.6.3.1.2a-1,2,3,4

( Nem = NS Ngm = NgSqdgiq Nym=NyS,i, ) Assume inclination factors (i ,i ,,i,) = 1.0

Eq. 10.4.6.2.4-1

40
Calc.Cy > 0.77 log ( ) > 0.77log |

; ) = 1.00
Ovo 2.02

Calc. N1gp >  CyNgo Neo= 34 (Boring B-287-1-10) Eq. 10.4.6.2.4-3
Nlg= 340 > @= 35 to 40° Use@;= 36° Table 10.4.6.2.4-1
;= 36° > Ng= 378 N~ 56.3 Table 10.6.3.1.2a-1

Groundwater at 746.0ft - (746' - 746'") = 0.0' Water is within 1.5B of bearing depth
Cwqg= 10, C,,= 05 Table 10.6.3.1.2a-2

92.8'
dg= 1.0 Table 10.6.3.1.20-4

B B
s7=1-0.4(T)=1- 0.4 ( ) =095, s4=1 + (T tang; ) =1+ ( tan362 ) = 1.09

0,=0+ (120.0 pcf) (1.0ft) (37.8) (1.09) (1.0) (1.0) + (0.5) (120.0 pcf) (11.8 ft) (56.3) (0.95) (0.5)

d,= 4953.2 + 18841 Fora 11.8 ft wide footing (eff. width 11.8ft ) an= 23.8 ksf
Resistance Factor (¢,) = 0.45 strength limit state Section 10.5.5.2
Table 10.5.5.2.2-1
Odr = ®pdn = (0.45) (23.8 ksf) = 10.7 ksf > 8.3 ksf (= 97.29k/If / 11.8ft )

Note on D; = 1.0 foot:

The ground surface on the west side of the footing will slope to a ditch (elevation 747), approx. 30' from the
footing. For bearing resistance calculation, the bottom of the footing was set at elevation 746, one foot below
the toe of the sloping ground to avoid any reduction in Ny D; was measured from the nearest level ground to

the bottom of the footing.




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

;D I : Z PROJECT  FRA-70-14.48 SHEET NO. 2 OF 2
il SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13

Sliding - Pier 2 (WL2 & LL1) CHECKED BY BTA DATE 06/10/113
Sliding (Rg)
Rr = OR, = @R + @ Rep assume passive resistance, R, is 0 Eq. 10.6.3.4-1
Cohesionless foundation soil - nominal sliding resistance R,=V tan § Eq. 10.6.3.4-2
tan 6 = 1.0 *tan o for concrete cast against soil Section 10.6.3.4
=1.0 * tan36 =0.73
Resistance factor (¢.):
concrete on sand - ¢o.= 0.80 Table 10.5.5.2.2-1
Foot. Length (L') = 91.0 ft - Effective Footing Length based on Strength I-a
Foot. Width (W') = 10.8 ft -> Effective Footing Width based on Strength I-a
Sum of Factored Transverse Loads= 21.5 kips
Sum of Factored Longitudinal Loads= 784.8  Kkips
Resultant of Total Factored Transverse
and Longitudinal Loads= 785.0  kips
Sum of Factored Vertical loads, Vo= 6426.2  kips

RT= VTOT tan(ﬂ
R= 4669 kips

For Rg=| 3,735 kips Active Driving Horizontal Force, Hor = 785.0 kips

Conservatively, the absolute magnitude of the

SLIDING IS: horizontal forces were used to determine

the active driving horizontal force.

Note: No active or passive soil forces were included in the analysis

Loading Information Provided: Strength I-a
Transverse Loads at Pier Location: Longitudinal Loads at Pier Location: Load Factors:
WL= 1.0 kips WL= 5.0 kips 0
WS= 20.0 kips WS=  60.0 kips 0
EH= 0.0 kips EH= 268.0 kips 1.5
CE+LS= 4.0 kips CE+LS= 99.0 kips 1.75 CE and LS
TU= 15.0 kips TU=  216.0 kips 0.5
BR= 4 kips BR= 58  kips 1.75
Vertical Unfactored LL= 329.0ft kips 1.75
Vertical Unfactored DL= 6104.0 ft kips 0.9

Verical Unfactored DW= 549.0 ft  kips 0.65




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

;D I : Z PROJECT  FRA-70-14.48 SHEET NO. 1 OF 2
i SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13

Bearing Capacity - Pier 2 (WL2 & LL2) CHECKED BY BTA DATE 06/10/13

Bearing Depth = 746.0 ft Foot. Width (B') = 11.7 ft  Foot. Length (L') = 94.1 ft

Unfactored Dead Load = 6104.00 kips Unfactored Live Load = 198.00 kips Load = 72.81 k/If
Unfactored DW = 549.00 kips Dead Load=(DL)+(Self Wt)+(Footing Wt)

Max Factored Dead Load = 7630.00 kips Max Factored Live Load = 346.50 kips F. Load = 93.53 k/If

Max Factored DW = 823.50 kips
Calculate factored bearing resistance (qz) Reference: AASHTO LRFD Bridge Design Specifications

dr = Pu0n Eqg. 10.6.3.1.1-1

Gn = CNem + YDNgmCug + 0.5VBNyCovy Eq. 10.6.3.1.2a-1,2,3,4

( Nem = NS Ngm = NgSqdgiq Nym=NyS,i, ) Assume inclination factors (i ,i ,,i,) = 1.0

Eq. 10.4.6.2.4-1

40
Calc.Cy > 0.77 log ( ) > 0.77log |

; ) = 1.00
Ovo 2.02

Calc. N1gp >  CyNgo Neo= 34 (Boring B-287-1-10) Eq. 10.4.6.2.4-3
Nlg= 340 > @= 35 to 40° Use@;= 36° Table 10.4.6.2.4-1
;= 36° > Ng= 378 N~ 56.3 Table 10.6.3.1.2a-1

Groundwater at 746.0ft - (746' - 746'") = 0.0' Water is within 1.5B of bearing depth
Cwqg= 10, C,,= 05 Table 10.6.3.1.2a-2

94.1'
dg= 1.0 Table 10.6.3.1.20-4

B B
s7=1-0.4(T)=1- 0.4 ( ) =095 , s4=1 + (T tang; ) =1+ ( tan362 ) = 1.09

0,=0+ (120.0 pcf) (1.0ft) (37.8) (1.09) (1.0) (1.0) + (0.5) (2120.0 pcf) (11.7 ft) (56.3) (0.95) (0.5)

d,= 49455 + 18763 Fora 11.7 ft wide footing (eff. width 11.7ft ) an= 23.7 ksf
Resistance Factor (¢,) = 0.45 strength limit state Section 10.5.5.2
Table 10.5.5.2.2-1
Odr = ®pdn = (0.45) (23.7 ksf) = 10.7 ksf > 8.0 ksf (= 93.53 k/If / 11.7ft )

Note on D; = 1.0 foot:

The ground surface on the west side of the footing will slope to a ditch (elevation 747), approx. 30' from the
footing. For bearing resistance calculation, the bottom of the footing was set at elevation 746, one foot below
the toe of the sloping ground to avoid any reduction in Ny D; was measured from the nearest level ground to

the bottom of the footing.




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

;D I : Z PROJECT  FRA-70-14.48 SHEET NO. 2 OF 2
il SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13

Sliding - Pier 2 (WL2 & LL2) CHECKED BY BTA DATE 06/10/13
Sliding (Rg)
Rr = OR, = @R + @ Rep assume passive resistance, R, is 0 Eq. 10.6.3.4-1
Cohesionless foundation soil - nominal sliding resistance R,=V tan § Eq. 10.6.3.4-2
tan 6 = 1.0 *tan o for concrete cast against soil Section 10.6.3.4
=1.0 * tan36 =0.73
Resistance factor (¢.):
concrete on sand - ¢o.= 0.80 Table 10.5.5.2.2-1
Foot. Length (L') = 92.7 ft - Effective Footing Length based on Strength I-a
Foot. Width (W') = 10.7 ft - Effective Footing Width based on Strength I-a
Sum of Factored Transverse Loads= 18.0 kips
Sum of Factored Longitudinal Loads= 784.8  Kkips
Resultant of Total Factored Transverse
and Longitudinal Loads= 785.0  kips
Sum of Factored Vertical loads, Vo= 6197.0 kips

RT= VTOT tan(ﬂ
R= 4502 kips

For Rg= Active Driving Horizontal Force, Hor = 785.0 kips

Conservatively, the absolute magnitude of the

SLIDING IS: horizontal forces were used to determine

the active driving horizontal force.

Note: No active or passive soil forces were included in the analysis

Loading Information Provided: Strength I-a
Transverse Loads at Pier Location: Longitudinal Loads at Pier Location: Load Factors:
WL= 1.0 kips WL= 5.0 kips 0
WS= 20.0 kips WS=  60.0 kips 0
EH= 0.0 kips EH= 268.0 kips 1.5
CE+LS= 2.0 kips CE+LS= 99.0 kips 1.75 CE and LS
TU= 15.0 kips TU=  216.0 kips 0.5
BR= 4 kips BR= 58  kips 1.75
Vertical Unfactored LL= 198.0ft  kips 1.75
Vertical Unfactored DL= 6104.0 ft kips 0.9

Verical Unfactored DW= 549.0ft  kips 0.65




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

;D I : Z PROJECT  FRA-70-14.48 SHEET NO. 1 OF 2
i SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13

Bearing Capacity - Pier 2 (WL2 & LL3) CHECKED BY BTA DATE 06/10/13

Bearing Depth = 746.0 ft Foot. Width (B') = 11.8ft  Foot. Length (L') = 92.5 ft

Unfactored Dead Load = 6104.00 kips Unfactored Live Load = 420.00 kips Load = 76.46 k/If
Unfactored DW = 549.00 kips Dead Load=(DL)+(Self Wt)+(Footing Wt)

Max Factored Dead Load = 7630.00 kips Max Factored Live Load = 735.00 kips F. Load = 99.32 k/If

Max Factored DW = 823.50 kips
Calculate factored bearing resistance (qz) Reference: AASHTO LRFD Bridge Design Specifications

dr = Pu0n Eqg. 10.6.3.1.1-1

Gn = CNem + YDNgmCug + 0.5VBNyCovy Eq. 10.6.3.1.2a-1,2,3,4

( Nem = NS Ngm = NgSqdgiq Nym=NyS,i, ) Assume inclination factors (i ,i ,,i,) = 1.0

Eq. 10.4.6.2.4-1

40
Calc.Cy > 0.77 log ( ) > 0.77log |

; ) = 1.00
Ovo 2.02

Calc. N1gp >  CyNgo Neo= 34 (Boring B-287-1-10) Eq. 10.4.6.2.4-3
Nlg= 340 > @= 35 to 40° Use@;= 36° Table 10.4.6.2.4-1
;= 36° > Ng= 378 N~ 56.3 Table 10.6.3.1.2a-1

Groundwater at 746.0ft - (746' - 746'") = 0.0' Water is within 1.5B of bearing depth
Cwqg= 10, C,,= 05 Table 10.6.3.1.2a-2

92.5'
dg= 1.0 Table 10.6.3.1.20-4

B B
s7=1-0.4(T)=1- 0.4 ( ) =095, s4=1 + (T tang; ) =1+ ( tan362 ) = 1.09

0,=0+ (120.0 pcf) (1.0ft) (37.8) (1.09) (1.0) (1.0) + (0.5) (120.0 pcf) (11.8 ft) (56.3) (0.95) (0.5)

a, = 4956 + 18898 Fora 11.8 ft wide footing (eff. width 11.8ft ) an= 23.9 ksf
Resistance Factor (¢,) = 0.45 strength limit state Section 10.5.5.2
Table 10.5.5.2.2-1
Odr = ®pdn = (0.45) (23.9 ksf) = 10.7 ksf > 8.4 ksf (= 99.32 k/If / 11.8ft )

Note on D; = 1.0 foot:

The ground surface on the west side of the footing will slope to a ditch (elevation 747), approx. 30' from the
footing. For bearing resistance calculation, the bottom of the footing was set at elevation 746, one foot below
the toe of the sloping ground to avoid any reduction in Ny D; was measured from the nearest level ground to

the bottom of the footing.




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

;D I : Z PROJECT  FRA-70-14.48 SHEET NO. 2 OF 2
il SUBJECT  FRA-70-1716 COMP. BY EWT DATE 06/10/13

Sliding - Pier 2 (WL2 & LL3) CHECKED BY BTA DATE 06/10/113
Sliding (Rg)
Rr = OR, = @R + @ Rep assume passive resistance, R, is 0 Eq. 10.6.3.4-1
Cohesionless foundation soil - nominal sliding resistance R,=V tan § Eq. 10.6.3.4-2
tan 6 = 1.0 *tan o for concrete cast against soil Section 10.6.3.4
=1.0 * tan36 =0.73
Resistance factor (¢.):
concrete on sand - ¢o.= 0.80 Table 10.5.5.2.2-1
Foot. Length (L') = 90.6 ft —> Effective Footing Length based on Strength I-a
Foot. Width (W') = 10.9ft -> Effective Footing Width based on Strength I-a
Sum of Factored Transverse Loads= 23.3 kips
Sum of Factored Longitudinal Loads= 784.8  Kkips
Resultant of Total Factored Transverse
and Longitudinal Loads= 785.1  kips
Sum of Factored Vertical loads, Vo= 6585.5  kips

RT= VTOT tan(ﬂ
R= 4785 kips

For Re=| 3,828 kips Active Driving Horizontal Force, Hor = 785.1 kips

Conservatively, the absolute magnitude of the

SLIDING IS: horizontal forces were used to determine

the active driving horizontal force.

Note: No active or passive soil forces were included in the analysis

Loading Information Provided: Strength I-a
Transverse Loads at Pier Location: Longitudinal Loads at Pier Location: Load Factors:
WL= 1.0 kips WL= 5.0 kips 0
WS= 20.0 kips WS=  60.0 kips 0
EH= 0.0 kips EH= 268.0 kips 1.5
CE+LS= 5.0 kips CE+LS= 99.0 kips 1.75 CE and LS
TU= 15.0 kips TU=  216.0 kips 0.5
BR= 4 kips BR= 58  kips 1.75
Vertical Unfactored LL= 420.0ft  kips 1.75
Vertical Unfactored DL= 6104.0 ft kips 0.9

Verical Unfactored DW= 549.0 ft  kips 0.65




CLIENT  ODOT District 6 JOB NUMBER 1021-1005.01

e m
ED I : Z PROJECT FRA-70-14.48 SHEET NO. 1 OF 5
i SUBJECT FRA-70-1716 Pier Load Case WL2&LL3 COMP. BY EWT DATE 06/11/13

Boring Overburden CHECKED BY BTA  DATE 06/11/13
Based on boring B-287-1-10 Existing Fndn Load” psf Bearing Depth ~ 746.0 ft Water Elev. 746.0 ft
____________________ eais- Mid-Pt
i Layer Zone (ft) Elev (ft) Ym (pcf) Hc (ft)
'_| L A 762.8 to 746 - 120 -
746-0" B 746 to 736 741 120 10
-------------- 1 C 736 to 726 731 120 10
_________ o, D 726  to 71438 720.4 120 11.2
726.0" E 714.8 to 712.3 713.55 120 2.5
______________ 3 F 712.3 to 710.3 711.3 120 2
_________ ZALRIL G 710.3 to 707.8 709.05 130 2.5
:::::::::;C,T?:':é H 707.8 to 699.8 703.8 120 8
""""""" I 699.8 to 692.8 696.3 130 7

Calculate Existing Load
Point 1

0's1 =2016 psf+ (746' - 741")(120 pcf - 62.4 pcf)
=2016 psf+ (5.0"(57.6 pcf)

=2304 psf
Point 2
0'sy =2304 psf+ (741'- 731")(120 pef - 62.4 pcf)
= 2304 psf+ (10.0")(57.6 pcf)
= 2880 psf
Point 3
0oz =2880 psf+ (731'-720.4")(120 pcf - 62.4 pcf)
= 2880 psf+ (10.6")(57.6 pcf)
= 3491 psf
Point 4

C'os =3491 psf+(720.4'- 713.55")(120 pcf - 62.4 pcf)
= 3491 psf+ (6.9")(57.6 pcf)
= 3886 psf

Point 5
= 3886 psf+ (713.55'- 711.3")(120 pcf - 62.4 pcf)
= 3886 psf+ (2.3')(57.6 pcf)
=4016 psf

Point 6
=4016 psf+ (711.3'-710.3")(120 pcf - 62.4 pcf) + (710.3' - 709.05")(130 pcf - 62.4 pcf)
=4016 psf+ (1.0"(57.6 pcf) + (1.3")(67.6 pcf)
=4158 psf

Point 7
= 4158 psf+(709.05' - 707.8")(130 pcf - 62.4 pcf) + (707.8' - 703.8")(120 pcf - 62.4 pcf)
= 4158 psf+ (1.3")(67.6 pcf) + (4.0")(57.6 pcf)
=4473 psf

Point 8
= 4473 psf+ (703.8' - 699.8")(120 pcf - 62.4 pcf) + (699.8" - 696.3")(130 pef - 62.4 pcf)
= 4473 psf + (4.0"(57.6 pcf) + (3.5")(67.6 pcf)
= 4940 psf




CLIENT  ODOT District 6 JOB NUMBER 1021-1005.01

PROJECT FRA-70-14.48 SHEET NO. 2 OF 5
SUBJECT FRA-70-1716 Pier Load Case WL2&LL3 COMP. BY EWT DATE 06/11/13
Existing Overburden CHECKED BY BTA  DATE 06/11/13
Based on boring B-287-1-10 Existing Fndn Load” Bearing Depth ~ 746.0 ft Water Elev. 746.0 ft
____________________ A5 Mid-Pt
i Layer Zone (ft) Elev (ft) Ym (pef) Hc (ft)
A 765 to 746 - 120 -
B 746 to 736 741 120 10
C 736 to 726 731 120 10
D 726 to 714.8 720.4 120 11.2
E 7148  to 712.3 713.55 120 2.5
F 712.3 to 710.3 711.3 120 2
D 710.3 to 707.8 709.05 130 2.5
E 707.8  to 699.8 703.8 120 8
F 699.8  to 692.8 696.3 130 7

Calculate Existing Load
Point 1
0'sy =2280 psf+ (746' - 741")(120 pef - 62.4 pcf)
= 2280 psf + (5.0"(57.6 pcf)
= 2568 psf

0'sy =2568 psf+ (741'-731")(120 pef - 62.4 pef)
= 2568 psf+ (10.0")(57.6 pcf)
= 3144 psf

Point 3
0's3 =3144 psf+ (731'- 720.4")(120 pcf - 62.4 pcf)
= 3144 psf+ (10.6")(57.6 pcf)
= 3755 psf

Point 4
0'sa =3755psf+(720.4' - 713.55")(120 pcf - 62.4 pcf)
= 3755 psf+ (6.9"(57.6 pcf)
= 4150 psf

Point 5
= 4150 psf+ (713.55'- 711.3")(120 pcf - 62.4 pcf)
= 4150 psf+ (2.3')(57.6 pcf)
= 4280 psf

Point 6
= 4280 psf+ (711.3'- 710.3")(120 pcf - 62.4 pcf) + (710.3' - 709.05") (130 pcf - 62.4 pcf)
= 4280 psf + (1.0")(57.6 pcf) + (1.3")(67.6 pcf)
= 4422 psf

Point 7
= 4422 psf+(709.05' - 707.8")(130 pcf - 62.4 pcf) + (707.8' - 703.8")(120 pcf - 62.4 pcf)
= 4422 psf + (1.3")(67.6 pcf) + (4.0")(57.6 pcf)
= 4737 psf

Point 8
= 4737 psf + (703.8' - 699.8")(120 pcf - 62.4 pcf) + (699.8" - 696.3")(130 pcf - 62.4 pcf)
= 4737 psf + (4.0")(57.6 pcf) + (3.5")(67.6 pcf)
= 5204 psf




CLIENT  ODOT District 6 JOB NUMBER 1021-1005.01

o
;ED I : Z PROJECT FRA-70-14.48 SHEET NO. 3 OF 5
i SUBJECT FRA-70-1716 Pier Load Case WL2&LL3 COMP. BY EWT DATE 06/11/13

Proposed Overburden CHECKED BY BTA  DATE 06/11/13
Based on boring B-287-1-10 Foundation Load” 5894 pst Bearing Depth ~ 746.0 ft Water Elev.  746.0 ft
Mid-Pt
Layer Zone (ft) Elev (ft) Ym (pef) Hc (ft) i*
A 760.0  to 746 - 120 -
B 746 to 736 741 120 10 0.80
C 736 to 726 731 120 10 0.41
D 726 to 714.8 720.4 120 11.2 0.27
E 714.8 to 712.3 713.55 120 2.5 0.20
F 712.3 to 710.3 711.3 120 2 0.19
D 710.3 to 707.8 709.05 130 2.5 0.18
E 707.8 to 699.8 703.8 120 8 0.16
F 699.8 to 692.8 696.3 130 7 0.14
Calculate Proposed Load “ _ fndn load at center of footing
Point 1 " - see settlement calcs for determination of i values

0'sy = 1680 psf+ (746" - 741")(120 pcf - 62.4 pcf) + (5894 psh)(0.8)
= 1680 psf + (5.0")(57.6 pcf) + (4715 psf)
= 6683.2 psf

o'y, =1968 psf+ (741'- 731")(120 pef - 62.4 pcf) + (5894 psf)(0.41)
= 1968 psf + (10.0")(57.6 pcf) + (2417 psf)
=4960.54 psf

Point 3
0'y3 =2544 psf+ (731' - 720.4")(120 pef - 62.4 pef) + (5894 ps)(0.27)
= 2544 psf + (10.6")(57.6 pcf) + (1591 psf)
=4746.38 psf

Point 4
0'os =3155psf+(720.4' - 713.55"(120 pcf - 62.4 pcf) + (5894 psf)(0.2)
= 3155 psf+ (6.9")(57.6 pcf) + (1179 psf)
=4728.8 psf

Point 5
= 3550 psf+ (713.55' - 711.3")(120 pcf - 62.4 pcf) + (5894 psf)(0.19)
= 3550 psf+ (2.3")(57.6 pcf) + (1120 psf)
=4799.86 psf

Point 6
=3680 psf+ (711.3'- 710.3")(120 pcf - 62.4 pcf) + (710.3' - 709.05")(130 pcf - 62.4 pcf) + (5894 psf)(0.18)
= 3680 psf + (1.0")(57.6 pcf) + (1.3")(67.6 pcf) + (1061 psf)
= 4882.92 psf

Point 7
= 3822 psf +(709.05' - 707.8")(130 pcf - 62.4 pcf) + (707.8' - 703.8")(120 pcf - 62.4 pef) + (5894 psf)(0.16)
= 3822 psf + (1.3")(67.6 pcf) + (4.0")(57.6 pcf) + (943 psf)
= 5080.04 psf

Point 8
= 4137 psf+ (703.8" - 699.8")(120 pcf - 62.4 pcf) + (699.8' - 696.3")(130 pcf - 62.4 pcf) + (5894 psf)(0.14)
= 4137 psf + (4.0")(57.6 pcf) + (3.5")(67.6 pcf) + (825 psf)
=5429.16 psf




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

PROJECT FRA-70-14.48 SHEET NO. 4 OF 5
SUBJECT FRA-70-1716 Pier Load Case WL28&LL3 COMP. BY EWT DATE 06/11/13
Settlement - Pier Load Case WL2&LL3 CHECKED BY BTA  DATE 06/11/13

Proposed Loading
Assume loading = 5894 psf
Assume width = 10.9 ft

0 5.0'
= 0.46B
Point1 (741.0') Depth= (746.0' - 741.0') =5.0' - 109 - i= 0.80 Fig10.6.2.4.1-1a(10-49)
1 o', + Ao,
Granular - AH= H, log( ) Cy=  0.77log( )= 0.95  Ng= 56 Nlgo= 56* 0.95 =53.4
c' o', 23
C'=180 Fig 10.6.2.4.2-1 (10-52) "Well graded silty sand and gravel"
1 6.7 ksf
AH= 10.0' I =0.023ft =0.28i JH=0.28i
180 ekt n "
Point2 (731.0') Depth= (746.0' - 731.0') =15.0' > 10.9' ' - i= 041 Fig10.6.2.4.1-1a(10-49)
1 o', + Ao,
Granular - AH= H, log( ) Cy=  0.77log( )= 0.88  Ng= 59 Nlge= 59* 0.88 =51.9
c' o', 2.9
C'=178 Fig 10.6.2.4.2-1 (10-52) "Well graded silty sand and gravel”
1 5.0 ksf
AH= 10.0' lo =0.011ft =0.13in JH=041in
178 S Tkt
25.6' 5 368
Point3 (720.4') Depth= (746.0' - 720.4') =25.6' > 10.9' ' - i= 0.27 Fig10.6.2.4.1-1a(10-49)
1 o', + Ao,
Granular - AH= H, log( ) Cy=  0.77log( )= 0.82  Ng= 69 Nlgo= 69* 0.82 =56.2
c' o', 3.5
C'= 195 Fig 10.6.2.4.2-1(10-52) "Well graded silty sand and gravel”
1 4.7 ksf
AH= 11.2' lo =0.006ft =0.07in H=0.48in
105 &S gier
325" 5 998
Point4 (713.6') Depth= (746.0' - 713.6') =32.5' > 10.9' ' - i= 0.20 Fig10.6.2.4.1-1a(10-49)
1 o', + Ao,
Granular - AH= H, log( ) Cy=  0.77log( )= 0.78  Ngo= 84 Nlg= 84* 0.78 =65.4
c' o', 3.9
C'=152 Fig 10.6.2.4.2-1 (10-52) "Well graded silty sand"
1 4.7 ksf
AH= 2.5 lo =0.001ft =0.01in H=0.49in
152 %82 ke
34.7" 3.198
Point5 (711.3') Depth= (746.0' - 711.3') =34.7" > 10.9' ' - i= 0.19 Fig10.6.2.4.1-1a(10-49)
1 o', + Ao,
Granular - AH= H, log( ) Cy=  0.77log( )= 0.77 — Ngg= 50+  N1go= 50+ - 50
c o', 4.0
C'=160 Fig 10.6.2.4.2-1(10-52) "Inorganic silt"
1 4.8 ksf
AH= 2.0 lo =0.001ft =0.01in 2H=0.50in
160 & a3ker




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01

PROJECT FRA-70-14.48 SHEET NO. 4 OF 5
SUBJECT FRA-70-1716 Pier Load Case WL28&LL3 COMP. BY EWT DATE 06/11/13
Settlement - Pier Load Case WL2&LL3 CHECKED BY BTA  DATE 06/11/13

Proposed Loading
Assume loading = 5894 psf
Assume width = 10.9 ft

0 37.0'
= 3.40B
Point6 (709.1") Depth= (746.0' - 709.1') =37.0' - 10.9' - i= 0.18 Fig10.6.2.4.1-1a(10-49)
: Hc o's wc 8 2.75*WC  2.75x 8
Cohesive > S=——— C, log( ) C.= = = 0.008 e,= = = 0.220
l+e, o', 1000 1000 100 100

C,, e, - FHWA Soils and Foundations (PG 152)

2.5 ft 4.9 ksf
S&—— 0.008 log(——— =0.001ft =0.01in 2H=0.51in
1+ 022 22kt
Point7 (703.8') Depth= (746.0' - 703.8') =42.2' - 10.9' ' - i= 0.16 Fig10.6.2.4.1-1a(10-49)
1 o', + Ao,
Granular - AH= H, log( ) Cy=  0.77log( )= 0.73 — Ngg= 50+  N1go= 50+ - 50
c o', 4.5
C'=160 Fig 10.6.2.4.2-1(10-52) "Inorganic silt"
1 5.1 ksf
AH= 8.0 lo =0.002ft =0.02in 2H=0.53in
160 T 27k
97 . 4578
Point8 (696.3') Depth= (746.0' - 696.3') =49.7" - 10.9' ' - i= 0.14 Fig10.6.2.4.1-1a(10-49)
. H, o' e 24 2.75*WC  2.75x 24
Cohesive > S=——— C, log( ) C.= = = 0.024 e,= = = 0.660
l+e, o', 1000 1000 100 100
C,, e, - FHWA Soils and Foundations (PG 152)
7.0 ft 5.4 ksf
S=—— 0024 log(—=="__) -0.002ft =0.02in SH=0.55in

1+ 0.66 5.2 ksf




19-Aug-13
Bridge 1716: Critical Case Determination for Settlement Analysis

Footing thickness= 4 ft Load Case [|Vertical Load from Loading sheet* Vertical Load minus footing weight
Weight of footing based on design dimensions= 832 kips WL1&LL1 6,982 kips 6150.00 kips
Bearing Elevation= 746 ft WL1&LL2 6,851 kips 6019.00 kips
Top of footing= 750 ft WL1&LL3 7,073 kips 6241.00 kips
Proposed grade elevation = 760 ft# WL2&LL1 6,982 kips 6150.00 kips
WLL&LLL W' = 10.86 [#Estimated finished grade WL2&LL2 6,851 kips 6019.00 kips
L'= 93.72 |atPier2 WL2&LL3 7,073 kips 6241.00 kips
WLLELLY W' = 10.80 *Vert Load=LL+DL+DW+Self WT+Footing
L'= 94.68
wligws = 10.90 : .
L'= 93.49 Vertical Load excluding concrete
WL&LLL W' = 10.83 Load Case |weight below proposed grade™ Load Case Pressure due to vertical Load*
L'= 93.84 WL1&LL1 5,907 kips WL1&LL1 5,803 psf
WL&LLY W' = 10.77 WL1&LL2 5,776 kips WL1&LL2 5,648 psf
L'= 94.80 WL1&LL3 5,998 kips WL1&LL3 5,885 psf
WL2&LL3 W' = 10.87 WL2&LL1 5,907 kips WL2&LL1 5,812 psf
L'= 93.61 WL2&LL2 5,776 kips WL2&LL2 5,657 psf
WL2&LL3 5,998 kips WL2&LL3 5,894 psf
WL: Wind Load on traffic "Pier (concrete weight) between proposed grade & top of footing: *Pressure due to vertical load, excluding concrete
LL: Live Load Pier height between proposed grade & top of footing= 10 feet weight below proposed grade, on effective
W' effective footing width, ft Pier Column width= 3 feet footing dimensions.
L": effective footing length, ft Net Length of Pier= 54.1 feet
Total length of void in pier column = 45 feet
Length of Pier= 99.1 feet
I value at midpoint of layer
Load Case 1 2 3 4 5 6 7 8
WL1&LL1 0.80 0.41 0.27 0.20 0.19 0.18 0.16 0.14
WL1&LL2 0.80 0.41 0.26 0.20 0.19 0.18 0.16 0.14
WL1&LL3 0.80 0.41 0.27 0.20 0.19 0.18 0.16 0.14
WL2&LL1 0.80 0.41 0.27 0.20 0.19 0.18 0.16 0.14
WL2&LL2 0.80 0.41 0.26 0.20 0.19 0.18 0.16 0.14
WL2&LL3 0.80 0.41 0.27 0.20 0.19 0.18 0.16 0.14
i: influence factor
change in pressure due to vertical loads ™
WL1&LL1 4,643 2,379 1,567 1,161 1,103 1,045 929 812
WL1&LL2 4,519 2,316 1,469 1,130 1,073 1,017 904 791
WL1&LL3 4,708 2,413 1,589 1,177 1,118 1,059 942 824
WL2&LL1 4,650 2,383 1,569 1,162 1,104 1,046 930 814
WL2&LL2 4,525 2,319 1,471 1,131 1,075 1,018 905 792
WL2&LL3 4,715 2,417 1,591 1,179 1,120 1,061 943 825  |Yellow-highlighted

"Vertical loads excluding concrete weight below proposed grade.

is the critical case.



Rear Abutment



" SUBJECT Client ms consultants/ ODOT D-6 JOB NUMBER 1021-1005.01
; D L Z Project FRA-70-14.48 SHEETNO. 1 oF 2

Item Bearing Check COMP. BY ~ EWT DATE 1114113
Bridge 1716C Rear Abutment CHECKEDBY TAH DATE 11114113
LRFD
BEARING RESISTANCE CALCULATION FOR CANTILEVER WALL
Ref: {AASHTO; LRFD BRIDGE DESIGN SPECIFICATIONS}
B Soil Properties
Pliwv Pus YemB = 120 pef Unit weight Embankment fill
WS1 D\N:f WL PevB = 30  deg. Friction ang. Embankment fill
d; W __________ YrDN = 120 pef Unit weight Foundation soil
Ty {Pevae _i c = 0 psf Cohesion Foundation soil
I (0] = 34  deg. Friction ang. Foundation soil
I PLs c' = 0 pst Cohesion Foundation soil
Wi Peyi Z (04 = 34  deg. Friction ang. Foundation soil
l l | [ Unfactored Loads and Parameters
WSZ_ T I s TU = 1,144.8 1b/ft Temperature Load
W ;l WS1 = 248.3 1b/ft Wind Loads on Superstructure
l | e WS2 = 0.0 Ib/ft  Wind Load on Substructure
4 L3 | 1‘ Le e WL = 27.6 1b/ft Wind on Live Load
'L - l W3 BR = 0.0 Ib/ft Braking Force
- JO Pisv/Pisy = 250  psf Traffic Load
RT‘E PpLv = 34,790 1b/ft Bridge Dead Load + Stem Wght (W1)
w Piiv = 5,590 Ib/ft Bridge Live Load
Max Factored Uniform Bearing Pressure DW = 2,560.0 1b/ft Dead Load of Wearing Surf./Utilities
From Table 2 on following page, B = 20.3 ft Width of footing
Qui = 7,784 psf L1 = 43  ft Width of stem
L2 = 11O ft Length of heel
Factored Unit Bearing Resistance, ¢, (Undrained) L3 = 50 ft Length of toe
qur=cN +yD¢N,C ,,+0.5yB'N,C,, L4 = 43  ft Base of stem width
qur = N/A psf h = 30 ft Thickness of footing
A = Oqur Dy = 40 ft Embedment depth
lgﬂ = 0.55 d = N/A psf Dw = 40 ft Groundwater depth
H-D = 29.1 ft Height Above Ground Surface
Undrained Bearing resistance is N/A H = 33.1 ft Total height of wall
Ka = 0.30
Factored Unit Bearing Resistance, ¢, (Drained) B' = 17.8 ft
quir=cN¢+yD¢NyCu+0.5yB'N,C,, ’a = 576 pef
quir = 36,044 psf a = 0.0 degree Back face batter angle
Ar = 9qyy o] = 20.0 degree Embankment Interface Friction Ang.
lgﬂ = 0.55 9 = 19,824 psf Bearing Capacity Factors for Equations
Undrained Drained (AASHTOTable 10.6.3.1.2a-1)
Drained Bearing resistance is N, 42.20 42.20
N, 29.40 29.40
N, 41.10 41.10
AASHTO Table 10.6.3.1.2a-2
Cuwq= 1.0 Cuwy™ 0.5
! Resistace factors from AASHTO LRFD, Table 11.5.7-1

Rear Abutment 11-14-30.xIsx [ CIP BC (2)] 2/5/2014 - 3:26 PM



Client ms 0DOT D-6 JOB NUMBER 1021-1005.01
Project FRA-70-14.48 SHEET NO 2 of 2

Item Stability Calculations COMP. BY EWT Date  11/14/2013
Bridge 1716C Rear Abutment CHECKED BY TAH Date

LRFD

STABILITY CALCULATIONS FOR CANTILEVER WALL
Ref: {AASHTO; LRFD BRIDGE DESIGN SPECIFICATIONS}

Summary of Unfactored Loads

* Strength 1V does not apply (Superstructure DL/LL<7.0)

Cal cases is less than Coma= B/3 Overturning is OK

Cal. emax = 2.27 B/3= 6.75 Check if Cal. e o <= B/3)= YES Inside middle 2/3 |
Check Sliding” Factored resistance against failure by sliding Rg = @R, = @R+ @epRep
Because of the potential for loss of soil in front of wall, assume: @epRep=0

Check sliding using Strength I-a loading

Cohesionless Soil: Re= V tang Cohesive Soil: R, =area under g diagram (pg3)
tan@= 0.67 R,= 61,337 lbs/ft Rt = N/A Ibs/ft
@i=1 Rr= 61,337 Ibs/ft
For Re-| 61,337 |Ibslft Active Driving Horizontal Force, Hyora=| 32,167 |Ibs/ft Sliding is
Check Bearing Pressure Table 2
Group Vror(Ib/ft) My(ft-lbs/ft) My(ft-lbs/ft) e (ft) B' Quniform(psT) e (ft)

Strength I-b 138,451 215,436  -385,908 1.23 17.79 7,784 1.23

Service I 102,061 143,860 -281,193 1.35 17.56 5,813 1.35
*Strength IV 133,359 181,524  -318,950 1.03 18.19 7,332 1.03 Max Gunitorm (PSf) = 7,784 |

" Resistace factors from AASHTO LRFD, Table 11.5.7-1

2 Load factors and load combinations from AASHTO LRFD, Table 3.4.1-1, Table 3.4.1-2 & Section C3.4.1 pg 3-11 & 3-12
3 Vertical Traffic Loads (PisvaPish.) & horizontal wind loads (WS) are not included in overturning analys

“ Live Vertical Loads (PLLv, PLsv,& Pisn,) & horizontal wind loads (WS) are not included in sliding analysis

* Strength IV does not apply (Superstructure DL/LL<7.0)

Item Force (Ib/ft)  Arm (ft) M (fi-Ib/ft) % oad Factors and Load Combinations

Prsv 2,750 4.63 12,719 Group EV EH LS DC TU ws DW BR WL
Prsun 2,312 -16.55 -38,262 Strength I-a 1.00 1.50 1.75 0.90 0.50 0.00 0.65 1.75 0.00
Prsuy 841 10.125 8,520 Strength I-b 1.35 1.50 1.75 1.25 0.50 0.00 1.50 1.75 0.00
Pevi 39,732 4.63 183,761 Service I 1.00 1.00 1.00 1.00 1.00 0.30 1.00 1.00 1.00

Peviia 0 -0.88 0 Strength IV 1.35 1.50 0.00 1.50 0.50 0.00 1.50 0.00 0.00

Py 5,590 -3.00 -16,770

PpLy 34,790 -3.00 -104,370 Vertical Factored Loads(Ibs/ft width)|Vertical Factored Moments ft-lbs/ft.

Peun 18,366 -11.03 -202,635 Group Prsuy Peny Group Prsuy Peny

Peny 6,685 10.13 67,681 Strength I-a 1,473 10,027 |StrengthI-a 14,910 101,522

W1 0 -3.00 0 Strength I-b 1,473 10,027 |StrengthI-b 14,910 101,522
w2 0 -0.88 0 Service [ 841 6,685 Service I 8,520 67,681
W3 9,113 0.00 0 Strength IV 0 10,027 | Strength IV 0 101,522
WsS1 248 -35.20 -8,740

Ws2 0 13.10 0

WL 28 -39.10 -1,079

TU 1145 -26.20 -29,994

DW 2,560 -3.00 -7,680

BR 0 -33.10 0

Vertical Factored Loads (Ibs per ft width Horizontal Factored Loads (Ibs per ft width)

Group Pry, Pevia  PrvPisv WI1(DC1) W2 (DC2) W3 (DC3) PoLy DW Total Group Peup Prsun TU WSI  WS2 BR WL Total
StrengthI-a 39,732 0 14,595 0 0 8,201 31,311 1,664 107,003 | StrengthI-a 27,549 4,046 572 0 0 0 0 32,167
Strength I-b 53,638 0 14,595 0 0 11,391 43,488 3,840 138,451 |StrengthI-b 27,549 4,046 572 0 0 0 0 32,167

Service I 39,732 0 8,340 0 0 9,113 34,790 2,560 102,061 Service I 18,366 2,312 1,145 74 0 0 28 21,925
Strength IV 53,638 0 0 0 0 13,669 52,185 3,840 133,359 | Strength IV 27,549 0 572 0 0 0 0 28,121
Vertical Factored Moments ft-lbs/ft Horizontal Factored Moments, My (ft-Ibs/ft)

Group Pry, Pevia  PrvPrisv WI1(DC1) W2 (DC2) W3 (DC3) PpLy DW Total Group Py Prsun TU WS1  WS2 BR WL Total
Strength I-a 183,761 0 -7,090 0 0 0 -93,933 -4,992 194,178 | Strength I-a -303,953 -66,958 -14,997 0 0 0 0 -385,908
Strength I-b 248,077 0 -7,090 0 0 0 -130,463 -11,520 215,436 | Strength I-b -303,953 -66,958 -14,997 0 0 0 0 -385,908

Service I 183,761 0 -4,051 0 0 0 -104,370  -7,680 143,860 Service] -202,635 -38,262 -29,994 -2,622 0 0 -7,680 -281,193
Strength IV 248,077 0 0 0 0 0 -156,555 -11,520 181,524 | Strength IV -303,953 0 -14,997 0 0 0 0 -318,950
Check Overturning (Eccentricity)a Table 1
Group Vror (Ib/ft) My(ft-1bs/ft) My(ft-1bs/ft) e (ft) B/3 (ft)
Strength I-a 100,718 157,010 -385,908 2.27 6.75
*Strength IV 133,359 181,524  -318,950 1.03 6.75
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CLIENT  ODOT District 6 JOB NUMBER 1021-1005.01
PROJECT FRA-70-14.48 SHEET NO. OF 5
SUBJECT FRA-71-1716- Rear Abutment COMP. BY DATE  06/08/13
Boring Overburden CHECKED BY DATE  06/08/13
Existing Fndn Load™ psf Bearing Depth ~ 750.5 ft Water Elev. 750.5 ft
Mid-Pt (Assumed)
Layer Zone (ft) Elev (ft) Ym (pcf) Hc (ft)
A 784.1 to 750.5 - 120 -
B 750.5 to 749.1 749.8 120 1.4
C 749.1 to 746.6 747.85 120 2.5
'_l |_'7 D 746.6 to 741.6 744.1 120 5
=====Ceiineia ) E 741.6 to 731.6 736.6 120 10
_________ fo:f’:\z’:3 F 731.6 to 718.1 724.85 120 13.5
______________ 5
Calculate Existing Load
Point 1
0'y;  =4032 psf + (750.5' - 749.8")(120 pcf - 62.4 pcf)
= 4032 psf + (0.7")(57.6 pcf)
=4072 psf
Point 2

0's; =4072 psf +(749.8' - 747.85")(120 pcf - 62.4 pcf)

=4072 psf + (1.9')(57.6 pcf)
= 4184 psf

Point 3

0'os =4184 psf + (747.85' - 744.1)(120 pcf - 62.4 pcf)

= 4184 psf + (3.8")(57.6 pcf)

= 4400 psf
Point 4
0'sa = 4400 psf + (744.1' - 736.6")(120 pcf - 62.4 pcf)
= 4400 psf + (7.5")(57.6 pcf)
= 4832 psf
Point 5

=4832 psf + (736.6' - 724.85")(120 pcf - 62.4 pcf)

= 4832 psf + (11.8')(57.6 pcf)
= 5509 psf




CLIENT  ODOT District 6 JOB NUMBER 1021-1005.01
PROJECT FRA-70-14.48 SHEET NO. OF 5
SUBJECT FRA-71-1716- Rear Abutment COMP. BY DATE  06/08/13
Existing Overburden CHECKED BY DATE  06/08/13
Existing Fndn Load™ Bearing Depth ~ 750.5 ft Water Elev. 750.5 ft
Mid-Pt (Assumed)
Layer Zone (ft) Elev (ft) Ym (pcf) Hc (ft)
A 767 to 750.5 - 120 -
B 750.5 to 749.1 749.8 120 1.4
[ ‘_W enie] C 749.1  to 7466 747.85 120 2.5
“““““ Fh6E 3 D 746.6 to 741.6 744.1 120 5
""""" ;74'}f67'3 E 741.6 to 731.6 736.6 120 10
______________ 4 F 731.6 to 718.1 724.85 120 13.5
______________ 5

Calculate Existing Load

Point 1
0's1 = 1980 psf + (750.5' - 749.8")(120 pcf - 62.4 pcf)
= 1980 psf + (0.7")(57.6 pcf)
= 2020 psf
Point 2

0's; =2020 psf + (749.8' - 747.85")(120 pcf - 62.4 pcf)
=2020 psf + (1.9'(57.6 pcf)
=2132 psf

Point 3

0'ss = 2132 psf + (747.85' - 744.1')(120 pef - 62.4 pef)
=2132 psf + (3.8')(57.6 pch)

= 2348 psf
Point 4
0'oa =2348 psf + (744.1' - 736.6")(120 pcf - 62.4 pcf)
= 2348 psf + (7.5")(57.6 pcf)
= 2780 psf
Point 5

= 2780 psf + (736.6' - 724.85")(120 pcf - 62.4 pcf)
=2780 psf + (11.8')(57.6 pcf)
= 3457 psf




CLIENT  ODOT District 6 JOB NUMBER 1021-1005.01

PROJECT FRA-70-14.48 SHEET NO. 3 OF 5
SUBJECT FRA-71-1716- Rear Abutment COMP. BY EWT DATE 06/08/13
Proposed Overburden CHECKED BY BTA DATE 06/08/13
Foundation Load™ 1953 pst Bearing Depth ~ 750.5 ft Water Elev. 750.5 ft
1N Mid-Pt (Assumed)
i Layer Zone (ft) Elev (ft) Ym (pch) Hc (ft) i*
A 767.0  to 750.5 - 120 -
B 750.5 to 749.1 749.8 120 1.4 1.00
[ ‘_W Zens] C 749.1  to 7466 747.85 120 25 1.00
“““““ Fit 6 2 D 746.6 to 741.6 744.1 120 5 0.88
""""" e E 741.6 to 731.6 736.6 120 10 0.63
______________ 4 F 731.6 to 718.1 724.85 120 13.5 0.40
______________ 5
Calculate Proposed Load @ - fndn load at center of footing
Point 1 " - see settlement calcs for determination of i values

0's1 = 1980 psf + (750.5' - 749.8")(120 pcf - 62.4 pcf) + (1953 psh)(1)
= 1980 psf + (0.7)(57.6 pcf) + (1953 psf)
= 3973 psf

0's; =2020 psf + (749.8' - 747.85")(120 pcf - 62.4 pch) + (1953 psi)(1)
=2020 psf + (1.9(57.6 pcf) + (1953 psf)
= 4085 psf

Point 3
0oz =2132psf + (747.85' - 744.1)(120 pcf - 62.4 pcf) + (1953 psf)(0.88)
= 2132 psf + (3.8")(57.6 pcf) + (1719 psf)
= 4066.64 psf

Point 4
0'os =2348 psf + (744.1' - 736.6")(120 pcf - 62.4 pcf) + (1953 psf)(0.63)
= 2348 psf + (7.5")(57.6 pcf) + (1230 psf)
=4010.39 psf

Point 5
= 2780 psf + (736.6' - 724.85")(120 pcf - 62.4 pcf) + (1953 psf)(0.4)
= 2780 psf + (11.8")(57.6 pcf) + (781 psf)
=4238.2 psf




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01
PROJECT FRA-70-14.48 SHEET NO. 4 OF 5
SUBJECT FRA-71-1716- Rear Abutment COMP. BY EWT DATE 06/08/13
Settlement CHECKEDBY  BTA DATE 06/08/13
Proposed Loading
Assume loading = 1953 psf
Assume width=17.6 ft
0 0.7 | 0.04B
Point1 (749.8') Depth= (750.5' - 749.8"') =0.7 > 17.6' ' - i= 1.00 Fig10.6.2.4.1-1a(10-49)
1 o', + Ao,
Granular - AH= H, log( ) C\= 0.77log( )= 0.76  Ngo= 49  N1g=49* 0.76 =37.4
C' o', 41
C'=137 Fig 10.6.2.4.2-1 (10-52) "Well graded silty sand and gravel”
1 4.0 ksf
AH= 1.4 lo =0.003ft =0.04in SH=0.04in
137 &S okt
0 2—6' = 0.15B
Point2 (747.9') Depth= (750.5' - 747.9') =2.6' > 17.6' ' > i= 1.00 Fig10.6.2.4.1-1a(10-49)
1 o'y + Ao,
Granular - AH= H, log( ) — Cv= 0.77log( )= 0.75  Ngo= 63  Nlg=63* 0.75 =47.5
c o', 4.2
C'=155 Fig 10.6.2.4.2-1 (10-52) "Well graded silty sand and gravel"
1 .
AH= 2.5' log( Ca L] ) =0.005ft =0.05in 3H =0.09 in
155 2.1 ksf
0 | 64" 0.36B
Point3 (744.1") Depth= (750.5' - 744.1") =6.4'" > 17.6' ' - i= 0.88 Fig10.6.2.4.1-1a(10-49)
1 o', + Ao,
Granular - AH= H, = log( ; ) C\= 0.77log( a2 )= 0.74  Ngo= 50  Nlg=50* 0.74 =36.9
o )
C'=105 Fig 10.6.2.4.2-1 (10-52) "Well graded fine to coarse sand"
1 4.1 ksf
AH= 5.0' lo =0.011ft =0.14in SH=0.23in
105 8 S5kt )
0 13.9' 0.798
Point4 (736.6') Depth= (750.5' - 736.6') =13.9' > 17.6' ' - i= 0.63 Fig10.6.2.4.1-1a(10-49)
1 o'y + Ao,
Granular - AH= H, = log( , ) — Cv= 0.77log( 18 )= 0.71  Ngo= 63  Nlg=63* 0.71 =44.5
o .
C'=125 Fig 10.6.2.4.2-1 (10-52) "Well graded fine to coarse sand"
1 .
AH= 10.0' log( =L 00 ) =0.013ft =0.15in 3H=0.38in
125 2.8 ksf




CLIENT ODOT District 6 JOB NUMBER 1021-1005.01
PROJECT FRA-70-14.48 SHEET NO. 5 OF 5
SUBJECT FRA-71-1716- Rear Abutment COMP. BY EWT DATE 06/08/13
Settlement CHECKEDBY  BTA DATE 06/08/13
Proposed Loading
Assume loading = 1953 psf
Assume width = 17.6 ft
0 257 . 4en
Point5 (724.9') Depth= (750.5' - 7249') =25.7" > 17.6' ' - i= 0.40 Fig10.6.2.4.1-1a(10-49)
1 o', + Ao,
Granular - AH= H, = log( ; ) Cy= 0.77log( )= 0.66  Ngo= 63  Nlg=63* 0.66 =41.7
00
C'=120 Fig 10.6.2.4.2-1 (10-52) "Well graded fine to coarse sand"
1 4.2 ksf
AH= 13.5' lo =0.010ft =0.12in JH=0.50in
120 ¢S5kt )

Total Settlement =

0.4" (new fill) + 0.5" (loads) = 0.9 inches




SUBJECT Client ODOT District 6 JOB NUMBER 1021-1005.01
D I ( 2 ' Project East Interchange SHEET NO. 1 OF 1

Item Bridge 1716 COMP. BY EWT DATE 06/08/13
Rear Abutment - New Fill B-001-M-59 CHECKED BY BTA DATE 06/08/13
SETTLEMENT ANALYSIS - EMBANKMENT
Embankment Informaiton: Groundwater Table: D= 165 ft (Assumed at Elev 750.5)
e d b e Embankment Height: H= 16.6  ft
Fill Unit Weight: Yemw= 120 pcf q= 1992 psf
/ \ a Width of Slope: a= 0.1
Top half-width of Emb: b= 16 Estimated
g A e’ 3 Distance from CL: X = 16
Output Range: zZ= 0 to 49 ft
*See Data output Attached
.| Cxoysz)d o LLE = (ﬂ;qa) CafoelZ) + BrE) +e'(2)) + bio(E) + c'(21) + x(ou 21— o' (2107
r
Bz :=atan[—(b;x)]+atan[(b:x)] o/(Z) = atan (a+:_xj}—atan (b;xj] ) T atan[@]— atan[g%]
Reference: US Army Corps of Engineers EM 1110-1-1904 "Settlement Analysis", Table C-1
Cohesionless
Soil Properites: Settlement is calculated at mid-point of layer Soils Cohesive Soils
No. Bot. of Layer Soil Type Vot (pcd) T (psh) 0, (psh) Aoz (psf) Ot (psf) ¢ G C. €
1 16.5 ft Incompressible 120 5,000 990 998 1,988 0.0 0.00 0.00 0.000
2 17.9 ft A--3a 120 5,000 2,020 952 2,972 137.0 0.00 0.00 0.000
3 20.4 ft A-1-b 120 5,000 2,133 937 3,070 155.0 0.00 0.00 0.000
4 25.4 ft A-3a 120 5,000 2,349 909 3,257 105.0 0.00 0.00 0.000
5 354 ft A-3a 120 5,000 2,781 834 3,614 125.0 0.00 0.00 0.000
6 48.9 ft A-3a 120 5,000 3,457 719 4,177 120.0 0.00 0.00 0.000
7
8
9
10
Reference: Geotechnical Engineering Principles and Practices; Coduto, 1999
Overconsolidated Soils - Case I (0’ y<0',) Eqn:11.24
No. Settlement: Total Settlement C, o'
1 SB.O;O ) ft vl Setleme (5C )“[t =2 I+e, " log[ 0 J
2 0.002 ft Overconsolidated Soils - Case II (0’ y<0'.<0y) Eqn:11.25
30003 ft (5.), = Z{ S u log( o J + LH log(o-'fﬂ
4  0.007 ft 1+e, o', 1+e, o',
5 0.009 ft Normally Consolidated Soils (¢’ y=0"'.) Eqn: 11.23
6  0.009 ft S), == C, I log(o”, j
7 1+e, o'y
8 Reference: FHWA NHI-00-045
9 Cohesionless Soils (0’ y=0",)
10 6,), == % H log[i{) J




N SUBJECT  Client ODOT District 6 JOB NUMBER
’D I { 2 ; Project East Interchange SHEET NO. OF
Item  Bridge 1716 COMP. BY DATE
Rear Abutment - New Fill B-001-M-59 CHECKED BY DATE
INCREASE IN VERTICAL STRESS DUE TO EMBANKMENT LOADING
. a b b Q
fe —>e > q= 1992 load
q a= 041 width of slope
r~ b= 16 top half-width of
o a a’
embankment
x= 16 distance from CL
Cxvgox)d z= 0 to 49 depthrange
'y

oz = (i) (a(a(z) + (g + (7)) + blalz) + (7)) + x(e(z) - w(2))

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

b- (b ? - - . +pt +
B(z) = atan (b-3 + atan (b+%) () = atan M - atah th-%) o z) - atan (atbfy) il Chei]
A z z z Z Z
. Vertical Stress Increase Vs. Depth
10 //
20
3 30 /
Q.
3 /
o //
50
60
0 200 400 600 800 1000 1200
Ao,




Material Soll Type c (psf) (deg) ¢’ (psf) ¢’ (deg) Y (pct)
Material 1 Embankment Fill 0 30 0 30 120
Material 2 Dense A-3a 0 34 0 34 120
Material 3 Very Dense A—1-b 0 36 [o] 36 120
Material 2 Dense to V. Dense A—3a 0 34 0 34 120
Material 3 Very Dense A-3a 0 36 0 36 120
Critical Failure Surface—Drained, FS=1.7
DW+DL+LL Critical Failure Surface—Seismic, FS=1.6
wSs1 \I (Live load = 250 psf) Elov. 783.6
~IU
Bridge1716
Station 33+78.38
Rear Abutment @
EXPLORATORY BORING 33
B-001-M-59
q .\\/. Elev. 750.5
— 055" o, Elev. 749.1
o2 @ 3) Elev. 746.6
Elev. 741.6
Elev. 718.1

10

" —

20
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GLOBAL STABILITY EVALUATION
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STATION 33+78.38
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