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SECTION 13: GEOTECHNICAL ENGINEERING REPORT

The following report dated May 2008 documents and summarizes the geotechnical
exploration, testing, and geotechnical engineering recommendations that have been
completed for design of the East End Bridge. Since completion of this report there have
been revisions made to the bridge design. Therefore, parts of this report may no longer
be applicable or have not been updated for the current design.

Also, attached to the May 2008 report is the results of supplemental geotechnical work
that was completed in March 2011 for the Indiana abutment.

Geotechnical engineering recommendations for all substructure foundations will need to
be updated and finalized during final design.
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1.0 INTRODUCTION

This geotechnical evaluation was authorized by the Kentucky Transportation Cabinet
(KYTC) and the Indiana Department of Transportation (INDOT) through the Bi-State
Management Team (BSMT) as part of the design services for the proposed [-265 East
End Bridge over the Ohio River near Louisville, Kentucky.

PB Americas, Inc. (PB) is the prime consultant for the Louisville-Southern Indiana Ohio
River Bridges Project, as part of the Phase 3B — Preliminary Bridge Design for the East
End Bridge. This report has been jointly prepared by PB and geotechnical
subconsultant Fuller, Mossbarger, Scott, and May Engineers Inc. (FMSM).

1.1 Project Description

The proposed East End Bridge is a cable-stayed structure that will link the Gene Snyder
Freeway in Kentucky (KY 841) with the Lee Hamilton Highway in Indiana (IN 265). This
bridge will carry six lanes of traffic over the Ohio River at Mile Point 596, approximately
11 miles upstream of the McAlpine Lock and Dam. The general location of the site is
shown in Figure 1, Site Vicinity Map.

The East End Bridge layout is shown on Figure 2, Boring Location Plan. The overall
length of the bridge is 2,510 feet, with a 1,235-foot long center span. The bridge will be
a cable-stayed structure, with two tower piers (Piers 3 and 4) in the river and two anchor
piers (Piers 2 and 5) near the banks of the river. On the Kentucky side, a transition pier
(Pier 1) is included in the scope of work. The bridge abutment on the Indiana side is
skew to the bridge centerline, paralleling the slope of the bank.

This report presents the subsurface data and geotechnical design recommendations for
the bridge foundations and Indiana abutment. The report also addresses stability of the
rock slope in the vicinity of the Indiana abutment.

Elevations in this report are referenced to the project datum, NAVDS8.
1.2 Scope of Services

The scope of services for this geotechnical evaluation includes preparation of a boring
plan, performance of borings on land and water with soil sampling and rock coring,
geologic mapping of rock outcrops in the vicinity of the Indiana abutment, field testing of
seismic velocities by P-S logging techniques, laboratory testing of soil and rock,
foundation type evaluations, geotechnical analyses of land and river piers and the
Indiana abutment for bearing, uplift, and lateral loads, and preparation of this report.
This report includes discussions of geology, results of drilling, seismic testing, and
laboratory testing, results of engineering analyses, discussion of constructability issues,
and recommendations for bridge foundations. The engineering analyses include drilled
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shaft analyses for the bridge piers, and shallow foundation and stability analyses for the
Indiana abutment.

This report has been jointly prepared by PB and geotechnical subconsultant Fuller
Mossbarger Scott & May Engineers, Inc. (FMSM). Subsurface explorations, laboratory
testing, preparation of records and summaries of data, and evaluation of the geology
and subsurface conditions has been performed by FMSM as a subconsultant to PB.
Geotechnical evaluation, analyses and recommendations for foundations and slopes,
have been performed by PB, with the assistance of FMSM.
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2.0 GENERAL PHYSIOGRAPHIC FEATURES

2.1 Physiography of Kentucky

The East End Bridge project is located in the northwestern portion of Central Kentucky
within the Outer Bluegrass Physiographic Region. This region is characterized by
gently rolling lowland due to the outcrop of Ordovician and Silurian carbonates and
shales that are situated on the crest and flanks of the Cincinnati Arch. These erosion
resistant rocks, combined with the structural features of the Cincinnati Arch and the
Ohio River Floodplain result in a region that exhibits low to moderate topographic relief.
However, along the Ohio River Valley, steep ravines and bluffs descend from the
bluegrass plains to the river terraces. Overburden soils within this portion of the Outer
Bluegrass Physiographic Region generally consist of loess underlain by residual clay
soils. An exception to this is the Ohio River Floodplain, which consists of lacustrine and
outwash deposits. Surface drainage patterns observed in the area of the bridge are
typically dendritic and flow toward the Ohio River.

2.2 Physiography of Indiana

The Indiana portion of the project site is located in the southeastern portion of Indiana,
within the Muscatatuck Regional Slope, Indiana’s equivalent of the Outer Bluegrass
Physiographic Region of Kentucky. The Muscatatuck Regional Slope is characterized
by a gently sloping plain that has been dissected by streams flowing to the Ohio River.
The Muscatatuck group consists of westward dipping carbonates, along with westward
dipping shale that underlie the region. These rocks are of Devonian, Silurian, and
Ordovician age and are exposed on the westward side of the Cincinnati Arch. In the
immediate vicinity of the bridge site the topography presents a steep slope transitioning
from an upland area down to the Ohio River. Soils on this slope are typically shallow
with occasional bedrock outcrops visible.

2.3 Ohio River

At the location of the East End Bridge the Ohio River is approximately 1,900 feet in
width at normal pool. The pool elevation is controlled by McAlpine Locks and Dam
which is located approximately 10.8 miles downstream of this site. The pool is typically
maintained at a normal elevation of 420 feet above mean sea level. The 100-year flood
elevation of the river is 452.8 feet. During the drilling programs for the East End Bridge,
the water surface varied from elevation 418 feet to 420 feet. The maximum depth of the
river encountered during the drilling was 44 feet at the location of the Indiana Tower
Pier. This corresponds to a river bottom elevation which varied from 420 feet to 374
feet.
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3.0 GEOLOGY

Available geologic mapping (Geologic Map of Parts of the Jeffersonville, New Albany
and Charlestown quadrangles, Kentucky-Indiana. Kentucky Geologic Survey, 1974 and
Geologic Map of the Anchorage Quadrangle, Jefferson and Oldham Counties,
Kentucky, 1971) was used to identify and characterize the bedrock at the bridge site. In
addition, a geologic map, availability of ground water, and columnar section and water-
bearing character of the rocks in Bullitt, Jefferson, and Oldham Counties, Kentucky are
presented as Figures 3a through 3c in the report.

3.1 Regional Geology

Regionally, the East End Bridge site is located within the boundaries of the Cincinnati
Arch. The Cincinnati Arch is described as a prominent elongated north-trending
regional uplift (anticlinal fold) that extends from the Nashville Dome in central
Tennessee to northwestern Ohio. Essentially the Cincinnati Arch separates the
Appalachian Basin from the lllinois and Michigan basins. Structural features of the arch,
related to the East End Bridge, are the Springdale Anticline and the Lyndon Syncline.
No geologic faults are shown in the immediate vicinity of the bridge.

3.2 Local Geology

3.2.1 Kentucky Geology

The backstation portion of the bridge (Piers 1 and 2) crosses alluvium, primarily
lacustrine and outwash deposits, associated with the Ohio River Floodplain. Consisting
of intermixed clay, silt, sand, and gravel, these deposits can be in excess of 100 feet
deep and were deposited by glacial activity during the Pleistocene Epoch of geologic
time. More specifically, deposition occurred during lllinoisan and Wisconsinan
glaciations. Bedrock underlying the Ohio River Floodplain reportedly consists of the
Drakes Formation. The Drakes Formation is generally described as limestone that is
olive gray to grayish green, very fine grained, grades to dolomitic and becomes
interbedded with medium to dark gray shale as depth increases. The limestones of this
Ordovician bedrock are susceptible to chemical weathering and development of solution
features. Typically these features occur along bedding planes, joints and fractures, and
can be evidenced by clay filled seams in the unit.

3.2.2 Ohio River Geology

Overburden soils consisting of sand and gravel, deposited as both glacial outwash and
fluvial deposits, range in thickness from roughly 90 feet at the Kentucky shoreline to
less than 11 feet at the Indiana shore. Bedrock strata located beneath the Ohio River
consist of the Osgood Formation, Brassfield Formation, and the Drakes Formation. The
Osgood formation is generally described as limestone interbedded with shale, both of
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which are dolomitic. The Brassfield Formation is described as a crystalline grained
limestone with dolomitic and glauconitic zones. The Drakes Formation is identified as
limestone that grades to dolomitic limestone and becomes interbedded with shale as
depth increases.

3.2.3 Indiana Geology

Available geologic mapping (Geologic Map of the 1° X 2° Louisville Quadrangle, Indiana,
Showing Bedrock and Unconsolidated Deposits, Indiana Geologic Survey, 1972)
indicates the area in the vicinity of the East End Bridge is underlain by Quaternary
sediments and soils, as well as Devonian, Silurian, and Ordovician age bedrock. These
sediments and soils consist of outwash deposits from the Pleistocene epoch of geologic
time. Referred to as the Wheeling-Sciotovile-Otwood complex these sediments and
soils are described as very deep, well drained and moderately well drained, nearly level
to moderately steep, eroded, and are occasionally flooded for brief durations.

The ground surface elevation varies from over 490 feet at the Indiana Abutment location
to approximately 420 feet at the location of Pier 5, resulting in the involvement of
several geologic units. Rock units noted in the literature consist of, in order of
descending lithology, the Sellersburg, Jeffersonville, and Louisville Limestones, Laurel
Dolomite, and Osgood Formation. Where these formations are exposed in local
roadcuts and in the quarry to the north of the bridge site, localized solutioning of the
various limestones was noted. The solutioning is primarily noted in joints, fractures, and
bedding planes, with clay noted as a common replacement material. This indicates the
limestones underlying the bridge site are also susceptible to solutioning.

The Sellersburg Limestone is subdivided into two members. The upper Beechwood
Member is described as a limestone that sits unconformably on the Silver Creek
Limestone, the lower member of the Sellersburg Limestone. The unconformity is
marked by a dark gray shale seam containing phosphatic pebbles and quartz sand.
The Silver Creek Member is a limestone that is argillaceous, dolomitic, and fossiliferous.
Below the Silver Creek Members is the Jeffersonville Limestone.

The Jeffersonville Limestone is medium to coarse grained, thin to thick bedded,
fossiliferous, and rests unconformably on the Louisville Limestone. The unconformity is
marked by a sharp transition from the coarse grained Jeffersonville Limestone above to
the fine grained Louisville Limestone below. This Louisville Limestone is generally
described as a fossiliferous, dolomitic, massive limestone that rests on top of the
Waldron Shale. The Waldron Shale is a silty, dolomitic, and pyritic clay shale that,
when exposed, often undercuts the above-lying Louisville Limestone. Beneath the
Waldron Shale the mapping identifies the Laurel Dolomite. This unit is subdivided into
two sections of which both consist of dolomitic limestone and are separated by a clay
shale layer that is up to 2.5 feet in thickness. Beneath the Laurel Dolomite is the
Osgood Formation. This formation consists of limestone interbedded with shale, both of
which are dolomitic.
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3.3 Regional Seismicity

Seismicity within the region surrounding the bridge site varies widely depending on
location. The western portions of the states of Kentucky and Indiana are dominated by
the New Madrid and Wabash Valley seismic source zones. In general, these zones are
fairly active with many documented historical seismic events. A series of four
earthquakes, part of the New Madrid Earthquakes of 1811 and 1812, in southeast
Missouri and northeast Arkansas, reportedly caused the Mississippi River to flow
backwards and were of sufficient intensity to topple chimneys in Louisville (Kentucky
Transportation Research Report KTC-96-4). A major earthquake centered in
Charleston, South Carolina in 1886 was also strongly felt in Kentucky. More recently,
an earthquake centered in Sharpsville, Kentucky in 1980 was felt throughout the area
along the Ohio River.

The East End Bridge will be located in the north-central region of Kentucky and the
south-central region of Indiana. Both the Kentucky and Indiana portions of the bridge
will likely experience less frequent earthquakes because the source zones are quite
distant from this area. The nearest of these, the Wabash Valley source zone, is on the
order of 100 miles west-northwest of the project site and occupies portions of southwest
Indiana, southeastern lllinois and northwestern Kentucky.

According to the recent earthquake history and studies in Central United States, the
Wabash Valley zone may be able to trigger an earthquake as large as magnitude 7
(http://www.cusec.org/S_zones/Wabash/index.htm). In the Wabash Valley zone, a
recent earthquake occurred April 18, 2009, was recorded as a magnitude of 5.2. After
the main shock, there were 6 aftershocks on the same date with magnitudes of up to
4.6. The epicenter was 6 miles south of West Salem, lllinois, which is about 200 miles
from the bridge site.
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4.0 FIELD RECONNAISSANCE

The proposed East End bridge site encompasses both the Indiana and the Kentucky
sides of the Ohio River. Pier 1 and Pier 2 fall on the Kentucky bank and at the river’s
edge respectively, while Piers 3 and 4 are the main tower piers within the river. Pier 5is
located on the Indiana bank at the river's edge, and the Indiana Abutment is located
near the top of a steep wooded slope. On the Kentucky side the bridge is located within
the floodplain of the Ohio River. Within the bridge limits a maximum topographic relief
of approximately 15 feet can be measured from the location of Boring AC-1 to the
normal pool elevation of 420 feet. The land use at the location of Piers 1 and 2 is
residential, with vegetation consisting of moderate tree cover, shrubs, and grass
covered lawns.

The Indiana side of the bridge is located on a relatively steep slope of the Ohio River. A
maximum topographic relief of approximately 80 feet is achieved by comparing the
elevation of the Ohio River’'s normal pool with the surface elevation of boring AC-26 at
the Indiana Abutment (elevation 498 feet). At an elevation of approximately 436 feet,
existing River Road traverses the bridge site. The current land use is residential and
land cover consists of heavily forested land. Physical features noted on the site indicate
the area of the Indiana Abutment was previously the location of a small limestone
quarry. This quarry activity left behind short vertical faces of limestone to the north of
the abutment, as well as occasional mounds of spoil rock and soil.

Because of the steep slope of the Indiana bank, the relatively shallow soils inferred by
the numerous rock outcrops, and the orientation of Pier 5 and the Indiana Abutment,
geologic outcrop mapping of the Indiana slope was performed by FMSM personnel.
After reviewing topographic and geologic literature while at the site, a total of eight
locations were identified for performance of geologic outcrop mapping.

Approximately 1000 feet north of the Indiana Abutment location, a closed limestone
quarry of significant size is currently being developed for residential home sites.
Permission was obtained to view and map portions of the quarry entrance and wall for
correlation with data obtained at the bridge site.

4.1 Surface Conditions

At the Indiana Abutment location the site was heavily wooded with bedrock and
boulders, remaining from quarrying operations, visible on the ground surface. The
ground surface falls steeply from the abutment to the location of River Road where
bedrock is exposed in a rock cut for the existing roadway. Soils in this area appear to
be relatively thin above the elevation of River Road and could be described as a
combination of colluvial and residual in origin.
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4.2 Geologic Mapping of Rock Exposures

Geologic mapping of the eight outcrops was performed in accordance with “Rock
Slopes Reference Manual”, Publication No. FHWA HI-99-007. The geologic outcrop
mapping depicting the data collected is presented in Appendix C.

Equipment used in the mapping process included a Brunton Compass (used to obtain
strike and dip of discontinuities), altimeter (source of elevation), GPS unit (coordinate
source), 300 feet tape measure, 12 feet tape measure, digital camera, rock hammer,
and pocket penetrometer (estimates soil strength). In order to calibrate the Brunton
Compass the magnetic declination of the area must first be determined. The magnetic
declination of the project site, as obtained from the USGS Jeffersonville Quadrangle, is
2°NW of True North. Once the magnetic declination was known the Brunton Compass
was calibrated accordingly at the Base Station.

A total of eight outcrops were selected and assigned titles and outcrop numbers. Those
outcrops were mapped over a two day time period ending on October 4, 2007.

The elevations included in the observation summaries refer to the base of the mapped
outcrop. Observations made at each outcrop are summarized below:

Site # 1- Base Station

Site # 1 would serve as the Base Outcrop, a source of known elevation used to
calibrate the altimeter. The Base Outcrop was visited at the beginning of each day to
calibrate the altimeter and conduct the daily safety meetings. The location of site # 1 is
N 38° 20" 42.2” W 85° 38’ 46.5” with a base elevation of 495 feet. This is also the
location of Boring AC-25.

QOutcrop # 1 - West Old Quarry Wall

The location of Outcrop # 1 is N 38° 20’ 43.6” W 85° 38’ 48.4” with a base elevation
of 479 feet. The rock unit exposed at this outcrop is the Jeffersonville Limestone of
Silurian age. A description of the Jeffersonville Limestone exposed at this outcrop is a
coarsely crystalline grained, brownish gray, medium strong, slightly to moderately
weathered limestone that weathers to a light gray and buff (brownish gray) color with a
blocky structure. Bedding planes were noted to be horizontal. Three discontinuity sets
were observed with strikes ranging from N 12° E to N 80° W with dips ranging from 83°
S to 88° S. These discontinuities are further described in the following paragraphs.

Joint Set #1 exhibited a strike of N 12° E with a dip of 88° South. This discontinuity
set exhibited apertures ranging from 0.1 — 1.1 feet, with a rough surface, low
persistence, and undulating surface shape. Evidence of water flow was noted from the
discontinuity set being filled with clay which exhibited a strength of 5 tons per square
foot.

Joint Set #2 exhibited a strike of N 80° W with a dip of 83° South. This discontinuity
set exhibited apertures ranging from 0.1 — 0.9 foot, with a rough to smooth surface,
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medium persistence, and undulating surface shape. Evidence of water flow was from
clay, exhibiting a strength of 5 tons per square foot, filling the discontinuity set.

Joint Set #3 exhibited a strike of N 60° W with a corresponding dip of 85° South.
This discontinuity set exhibited apertures ranging from 0.1 — 1.1 feet, with a rough to
smooth surface, low persistence, and stepped to undulating surface shape. Evidence of
water flow included clay, exhibiting a strength of 3.1 tons per square foot, filling the
discontinuity set.

Outcrop # 2 — Solution Feature Ridge

The location of Outcrop # 2 is N 38° 20’ 44.7” W 85° 38’ 44.2” with a base elevation
of 493 feet. The rock unit exposed at this outcrop is the Sellersburg Limestone of
Devonian age. A description of the Sellersburg Limestone exposed at this outcrop is a
coarsely crystalline grained, brownish gray, medium strong, slightly to moderately
weathered dolomitic limestone that weathers to a light gray and buff (brownish gray)
color with a blocky structure. The bedding planes were noted to be horizontal. One
major discontinuity set was observed with a strike of N 23° E and a dip of 86° S, and
presented an aperture range of 1.5 — 6.0 feet widening toward the base. The
discontinuity showed evidence of water flow from clay deposits being present which
exhibited a strength of 1 ton per square foot.

Outcrop# 3 — Knobs

The location of Outcrop # 3 is N 38° 20’ 39.8” W 85° 38’ 47.7” with a base elevation
of 500 feet. Rock units exposed at this outcrop consist of both the Sellersburg
Limestone and the Jeffersonville Limestone. The Sellersburg Limestone is described as
a coarsely crystalline grained, brownish gray, medium strong, slightly to moderately
weathered dolomitic limestone that weathers to a light gray and buff (brownish gray)
color with a columnar structure. The Jeffersonville Limestone is described as a coarsely
crystalline grained, brownish gray hard limestone (dolomite) that weathers to a light gray
and buff (brownish gray) color. One major discontinuity set consisting of two major
joints was observed. Joint strikes range from N 2°E to N 13° E with a dip range from
82° Sto 87° S. These discontinuities are further described in the following paragraphs.

North Knob Joint Set #1 exhibited a strike of N 2° E with a corresponding dip of 82°
S. This discontinuity set exhibited apertures ranging from 0.2 — 6.2 feet, with a rough
surface, low to medium persistence, and stepped to undulating surface roughness.
Noted evidence of water flow includes clay deposits which exhibited a strength of
0.3 tons per square foot.

South Knob Joint Set #2 exhibited a strike of N 4° E with a corresponding dip of 86°
N. This discontinuity set exhibited apertures ranging from 0.2 — 4.7 feet, with a rough
surface, low to medium persistence, and undulating surface shape. Noted evidence of
water flow includes clay deposits which exhibited a strength of 4.5 tons per square foot.
The joints were also lined with calcite and limestone travertine providing evidence of
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previous water transport. Bedding planes for both the Sellersburg and Jeffersonville
Limestones were noted to be horizontal.

Outcrop # 4 — East Quarry Bluff Cut

The location of Outcrop #4 is N 38°20’ 56.0” W 85° 38’ 39.9” with a base elevation of
453 feet. Rock units exposed at this outcrop are the Louisville Limestone underlain by
the Waldron Shale. The Louisville Limestone is described as a coarsely crystalline
grained, brownish gray hard limestone that weathers to a light gray and buff (brownish
gray) color. The Waldron Shale is described as clay shale that is dark greenish gray in
color that weathers to a light gray, silty, and contains dolomitic zones. The Waldron
Shale has been noted to undercut the above lying Louisville Limestone during the
weathering process. One major discontinuity set was observed consisting of two joints,
however one joint was inaccessible for strike and dip measurements. The other joint
exhibited a strike of N 38° W and a dip of 78° S. Bedding planes observed were noted
to be horizontal.

Outcrop # 5 — Road Cut to Quarry Bluff Estates

The location of Outcrop # 5 is N 38° 20’ 59.5” W 85° 38’ 41.8” with a base elevation
of 452 feet. The rock unit exposed at Outcrop # 5 is the Louisville Limestone. The
Louisville Limestone is a coarsely crystalline grained, brownish gray hard limestone that
weathers to a light gray and buff (brownish gray) color and is horizontally bedded. Two
major discontinuity sets were observed with a total of six joints with a strike range of N
0° to N 27° E with a dip range of 73° S to 86° N. Iron staining was also noted at an
elevation of 464.8 feet.

Outcrop# 6 — North Old Quarry Wall

The location of Outcrop # 6 is N 38° 20’ 44.9” W 85° 38’ 47.5” with a base elevation
of 493 feet. The rock unit exposed at this station is the Sellersburg Limestone. The
Sellersburg Limestone is described as a horizontally bedded coarsely crystalline
grained, brownish gray, medium strong, slightly to moderately weathered dolomitic
limestone that weathers to a light gray and buff (brownish gray) in color with a columnar
structure. No discontinuity feature was observed at this site; however some solution
features were observed, such as pitting on the rock face as well as circular depressions
indicative of solutioning.

Outcrop # 7 — Solution Feature Outflow

The location of Outcrop # 7 is N 38° 20’ 44.5” W 85° 38’ 43.5” with a base elevation
of 437 feet. Rock units exposed at this site are the Louisville Limestone underlain by
the Waldron Shale. The Louisville Limestone is described as a coarsely crystalline
grained, brownish gray hard limestone that weathers to a light gray and buff (brownish
gray) color and the Waldron Shale is described as clay shale that is dark greenish gray
in color that weathers to a light gray, silty, and contains dolomitic zones. One major
discontinuity set was observed containing three joints with a strike range of N 83° W to
N 78° W with a dip range of 85° S to 87° S. The bedding planes of both units are
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horizontal. Colluvial slopes were also noted at the base of the discontinuities with an
overburden thickness of up to two feet. Solution feature outflow refers to a series of
three joint sets that correspond to the solution features that lie directly above the
aforementioned joint sets. These features are described in detail below:

Joint Set #7 exhibited a strike of N 87°W with a corresponding dip of 87° South. This
discontinuity set exhibited apertures ranging from 0.3 — 3.4 feet, with a rough surface,
low persistence, and a stepped surface shape. Noted evidence of water flow includes
clay deposits which exhibited a strength of 3.1 tons per square foot.

Joint Set #2 exhibited a strike of N 83° W with a corresponding dip of 85° South.
This discontinuity set exhibited apertures ranging from 0.3 — 3.4 feet, with a smooth
surface, low persistence, and a smooth surface. No evidence of water flow was
observed at this joint set.

Joint Set #3 exhibited a strike of N 78° W with a corresponding dip of 86° South.
This discontinuity set exhibited apertures ranging from 0.3 — 3.4 feet, with a rough to
smooth surface, low persistence, and undulating surface shape. Evidence of water flow
includes clay deposits which exhibited a strength of 0.6 ton per square foot.

Outcrop # 8 — Upper River Road Cut

The location of Outcrop # 8 is N 38° 20’ 40.6” W 85° 38’ 43.8” with a base elevation
of 436 feet. Rock strata observed at this site is the Louisville Limestone. The Louisville
Limestone is described as a horizontally bedded coarsely crystalline grained, brownish
gray hard limestone that weathers to a light gray and buff (brownish gray) color. Four
major discontinuity sets were observed containing a total of twelve joints. The strike
range for these discontinuities is N 21° W to N 88° W with a corresponding dip range of
79° S to 88° N. These discontinuities are further described in the following paragraphs.

Joint Set #1 exhibited a strike of N 49° W with a corresponding dip of 81° South.
This discontinuity exhibited an aperture ranging from 1.4 — 2.7 feet with a rough to
smooth surface roughness, medium persistence, and a stepped to undulating surface
shape. Noted evidence of water flow includes clay deposits which exhibited a strength
of 3.1 tons per square foot.

Joint Set #2 exhibited a strike of N 23° W with a corresponding dip of 88° North. This
discontinuity exhibited an aperture ranging from 0.7 — 1.9 feet with a rough surface,
medium persistence, and an undulating surface shape. Noted evidence of water flow
includes clay deposits which exhibited a strength of 4.6 tons per square foot.

Joint Set #3 exhibited a strike of N 21° W with a corresponding dip of 88° South.
This discontinuity exhibited an aperture ranging from 0.4 — 2.6 feet with a rough surface,
medium persistence, and an undulating surface shape. Noted evidence of water flow
includes clay deposits which exhibited a strength of 2.7 tons per square foot.
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Joint Set #4 exhibited a strike of N 74° W with a corresponding dip of 85° South.
This discontinuity exhibited an aperture ranging from 0.1 — 0.4 foot with a rough surface,
medium persistence, and a planar surface shape. Noted evidence of water flow
includes clay deposits which exhibited a strength of 5.0 tons per square foot.

Joint Set #5 exhibited a strike of N 88° W with a corresponding dip of 86° South.
This discontinuity exhibited an aperture ranging from 0.1 — 3.3 feet with a rough surface,
medium persistence, and an undulating surface shape. Noted evidence of water flow
includes clay deposits which exhibited a strength of 5.0 tons per square foot.

Joint Set #6 exhibited a strike of N 82° W with a corresponding dip of 87° South.
This discontinuity exhibited an aperture ranging from 0.1 — 0.3 feet with a rough surface,
medium persistence, and a planar surface shape. Noted evidence of water flow
includes clay deposits which exhibited a strength of 5.0 tons per square foot.

Joint Set #7 exhibited a strike of N 86° W with a corresponding dip of 76° North. This
discontinuity exhibited an aperture ranging from 0.1 — 1.4 feet with a rough surface,
medium persistence, and an undulating to planar surface shape. Noted evidence of
water flow includes clay deposits which exhibited a strength of 5.0 tons per square foot.

Joint Set #8 exhibited a strike of N 79° W with a corresponding dip of 79° North. This
discontinuity exhibited an aperture ranging from 0.1 — 1.1 feet with a rough surface,
medium persistence, and an undulating to planar surface shape. Noted evidence of
water flow includes clay deposits which exhibited a strength of 5.0 tons per square foot.

Joint Set #9 exhibited a strike of N 78° W with a corresponding dip of 83° North. This
discontinuity exhibited an aperture ranging from 0.7 — 1.8 feet with a smooth surface,
medium persistence, and an undulating to planar surface shape. Noted evidence of
water flow includes clay deposits which exhibited a strength of 3.3 tons per square foot.

Joint Set #10 exhibited a strike of N 27° W with a corresponding dip of 88° North.
This discontinuity exhibited an aperture greater than 3.0 feet with a smooth surface,
medium persistence, and a planar surface shape. Noted evidence of water flow
includes clay deposits which exhibited a strength of 1.8 tons per square foot.

Joint Set #11 exhibited a strike of N 79° W with a corresponding dip of 79° South.
This discontinuity exhibited an aperture ranging from 0.1 — 3.1 feet with a smooth
surface, medium persistence, and a planar surface shape. Noted evidence of water
flow includes clay deposits which exhibited a strength of 0.1 ton per square foot.

Joint Set #12 exhibited a strike of N 48° W with a corresponding dip of 79° North.
This discontinuity exhibited an aperture ranging from 0.1 — 3.3 feet with a smooth
surface, medium persistence, and a planar surface shape. Noted evidence of water
flow includes clay deposits which exhibited a strength of 3.6 tons per square foot.
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5.0 SUBSURFACE INVESTIGATION PROGRAM

In October 2005, FMSM advanced four borings as a preliminary exploration for the
bridge. Each boring was drilled from a floating plant at the preliminary locations of Piers
2 through 5 and designated Boring B-1 through B-4. From June 13 to October 10, 2007
a total of 28 additional borings (ten from a floating plant and eighteen from a land based
drill) were performed at the locations of the piers, Indiana Abutment and retaining wall
for the bridge. These 2007 borings are designated AC-1 through AC-28. Both
investigations were performed in general accordance with the Kentucky Transportation
Cabinet (KYTC) Geotechnical Manual in terms of drilling, sampling, and laboratory
testing The locations of the borings are presented on both Figure 2 and on the
geotechnical drawings in Appendix A.

5.1 Boring Program

5.1.1 General

FMSM performed traditional geotechnical drilling and sampling operations for the bridge
substructure element locations using truck-mounted drill rigs for land work, and a truck-
mounted drill rig positioned on a floating barge for borings advanced beneath the Ohio
River. Drilling and sampling operations were performed using hollow-stem augers or
casing advancement techniques from the ground surface to the top of bedrock. Drilling
personnel collected samples of the soils from specific borings at approximate five-foot
intervals. Soil sampling typically consisted of performing standard penetration tests
(SPT) in non-cohesive soils and in cohesive soils having significant gravel contents.
Cohesive soils were sampled with undisturbed thin-wall (Shelby) tubes.

Upon reaching bedrock, FMSM switched to NQ2 sized rock coring equipment to obtain
a minimum of approximately 40 feet of rock core sample from each of the four
preliminary borings (B-1 through B-4), and 50 feet of rock core at the planned locations
of Piers 1 through 5. These rock cores provide identification of bedrock strata and
samples for strength testing in support of foundation design. At the location of the
Indiana Abutment, two borings were drilled 40 feet into the bedrock and one boring (AC-
23) was advanced approximately 70 feet into bedrock. The purpose of the additional
rock coring footage in Boring AC-23 was to provide continuous rock core data from the
elevation of the abutment to the elevation of Pier 5. This information would be used to
design a rock cut slope if River Road required relocation into the hillside.

In addition to traditional drilling operations, Boring AC-3 was drilled using PQ-sized
coring tools in bedrock to allow geophysical testing of the soils and bedrock on the
Kentucky side of the river. The PQ-sized rock core boring allowed installation of flush
joint casing of sufficient size to pass the geophysical equipment from the ground surface
to the bottom of the boring.
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5.1.2 Summary of Borings

A total of 32 borings were drilled during the exploration for the East End Bridge over the
Ohio River. The locations and graphical logs of these borings are shown on the
Subsurface Data Sheets, respectively, in Appendix A. A summary of borings drilled by
FMSM for this exploration is presented in Table 1. All borings were performed at the
original planned locations of the substructure elements and retaining wall. Three
sample and rock core borings were performed at each anchor/transition pier
(Piers 1, 2, and 5). Five sample and rock core borings were drilled at each of the main
tower locations (Piers 3 and 4) within the river. Three sample and rock core borings
were performed at the location of the Indiana Abutment, and two for the Indiana
Abutment retaining wall. Additionally, eight rock soundings were advanced to bedrock
by a truck mounted drill equipped with solid stem continuous flight augers in front of and
behind the planned location of the Indiana Abutment and abutment retaining wall to
better identify bedrock surface elevations. The stations and offsets of the boring
locations along with latitudes and longitudes are included in Appendix B. The results of
the drilling program were used to develop a top of bedrock contour map at the bridge
site. This map is presented as Figure 4 in the report.

During the drilling process in soils, attention was given to the description and
consistency of the soils encountered. Soils were identified in terms of classification,
color, grain size, consistency, and moisture content. The location or absence of the
groundwater table was also noted on the logs by the geologist in the field.

Because of the size of this bridge and the loads to which it could be subjected, rock
bearing foundations are anticipated for substructure support. Immediately following the
drilling process the bedrock was described by a geologist in terms of classification,
color, grain size, bedding characteristics, and other descriptions. Fractures, clay seams
and other notable features were also recorded on the boring log. As an indication of
general competency of the rock cored, the Rock Quality Designation (RQD) of each
coring run was recorded. The Standard RQD is defined as the cumulative length of
intact pieces longer than four inches divided by the length of the coring run and
expressed as a percentage. Generally, the higher the RQD value the more competent
the rock mass. In addition to the Standard RQD, a “KY” RQD was also recorded. The
KY RQD is defined as cumulative length of pieces longer than four inches which cannot
be broken by hand pressure divided by the length of the coring run and expressed as a
percentage. Typically the KY RQD is a lower value than the Standard RQD. The RQD
values, both Standard and KY, for the rock core borings drilled for the East End Bridge
varied from a low of O to a high value of 100 with lower values typically recorded in the
upper or weathered portions of the bedrock strata. A complete listing of the RQD
values recorded for the borings is presented in Table 2.
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Table 2. Summary of Rock Core Data

Substructure

Element Boring No. |Depth Interval| Elevation KY RQD (%) | Std. RQD (%)

Pier 1 AC-1 100.3-101.8 | 333.8 — 332.3 0 0

101.8 —103.3 | 332.3 — 330.8 0 0

103.3-113.3 | 330.8 — 320.8 60 70

113.3-123.3 | 320.8 — 310.8 45 57

123.3-133.3 | 310.8 — 300.8 81 92

133.3 — 143.3 | 300.8 — 290.8 70 84

143.3 — 150.5 | 290.8 — 283.6 72 82

AC-2 100.4 —103.5 | 333.7 — 330.6 74 74

103.5-105.4 | 330.6 — 328.7 55 74

105.4—-110.4 | 328.7 — 323.7 41 56

110.4-120.4 | 323.7 — 313.7 37 82

120.4 —129.4 | 313.7 — 304.7 42 50

129.4 —139.4 | 304.7 — 294.7 51 66

AC-3 99.5-103.6 |334.2-330.1 93 93

103.6 —108.6 | 330.1 — 325.1 40 40

108.6 —113.6 | 325.1 — 320.1 86 86

113.6 —118.6 | 320.1 — 315.1 68 68

118.6 —123.6 | 315.1 — 310.1 94 94

123.6 —128.6 | 310.1 — 305.1 82 82

128.6 — 133.6 | 305.1 — 300.1 100 100

133.6 —138.6 | 300.1 — 295.1 72 72

138.6 —143.6 | 295.0 — 290.1 86 86

143.6 — 148.6 | 290.1 — 285.1 100 100

148.6 — 150.6 | 285.1 — 283.1 85 85

Pier 2 AC-4 92.3-95.8 |327.5-324.0 14 14

95.8 —105.8 | 324.0 — 314.0 22 38

105.8 —115.8 | 314.0 — 304.0 59 83

115.8 —125.8 | 304.0 — 294.0 48 51

125.8 —135.8 | 294.0 — 284.0 71 90

135.8 — 143.9 | 284.0 — 275.9 89 99

AC-5 98.4-103.4 | 330.5-325.5 8 88

103.4-113.4 | 325.5-315.5 38 38

113.4-123.4 | 315.5-305.5 40 56

123.4 - 133.4 | 305.5-295.5 45 73

133.4 —143.4 | 295.5-285.5 80 84

143.4 —148.4 | 285.5 — 280.5 44 88

B-1 85.0—89.0 | 334.6 —330.6 10 15

89.0—99.0 | 330.6 —320.6 25 69

99.0 —109.0 | 320.6 — 310.6 37 50

109.0 —119.0 | 310.6 — 300.6 56 70

119.0 — 126.6 | 300.6 — 293.0 71 76
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Table 2. Summary of Rock Core Data

Substructure

Element Boring No. |Depth Interval| Elevation KY RQD (%) | Std. RQD (%)

Pier 3 AC-6 87.7—-93.2 | 331.7-326.2 33 35

93.2-98.2 |326.2-321.2 22 28

98.2-108.2 [ 321.2-311.2 26 62

108.2 - 118.2 | 311.2 - 301.2 60 79

118.2 -128.2 | 301.2 —291.2 48 69

128.2 —138.2 | 291.2 — 281.2 55 78

AC-7 89.1-94.1 |330.4-325.4 28 32

94.1-99.1 | 325.4—-320.4 18 40

99.1 -109.1 | 320.4-310.4 42 53

109.1 —119.1 | 310.4 — 300.4 45 68

119.1-129.1 | 300.4 — 290.4 66 73

129.1 —139.1 | 290.4 — 280.4 63 86

AC-8 87.0—-89.9 | 332.4-329.5 0 0

89.9-93.5 |329.5-325.9 42 44

93.5-103.5 | 325.9 — 315.9 36 46

103.5-113.5 | 315.9 — 305.9 23 33

113.5-123.5 | 305.9 — 295.9 41 47

123.5-133.5 | 295.9 — 285.9 49 68

133.5-134.9 | 285.9 — 284.5 93 93

AC-9 90.2 -96.3 | 329.2 —323.1 18 18

96.3-106.3 | 323.1 —313.1 47 47

106.3-116.3 | 313.1 - 303.1 50 71

116.3-126.3 | 303.1 — 293.1 48 66

126.3 -136.3 | 293.1 — 283.1 68 75

136.3 — 140.8 | 283.1 — 278.6 76 89

B-2 88.0—93.0 | 332.2—327.2 44 44

93.0-103.0 | 327.2-317.2 56 73

103.0-113.0 | 317.2 — 307.2 63 95

113.0 - 116.0 | 307.2 — 307.2 37 37

Pier 4 AC-10 84.2-85.5 |334.1-332.8 0 0

85.5-95.5 |332.8-322.8 22 27

95.5-105.5 | 322.8 -312.8 63 75

105.5-115.5 | 312.8 — 302.8 57 75

115.5-125.5 | 302.8 — 292.8 63 92

125.5-135.5 | 292.8 — 282.8 68 68

AC-11 81.7-82.9 |337.7-336.5 0 0

82.9-87.9 |336.5—-331.5 38 52

87.9-979 |331.5-3215 75 86

97.9-107.9 | 321.5-311.5 72 79

107.9-117.9 | 311.5-301.5 74 93

117.9-127.9 | 301.5-2915 63 83

127.9-132.9 | 291.5 — 286.5 74 78
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Table 2. Summary of Rock Core Data

Substructure

Element Boring No. |Depth Interval| Elevation KY RQD (%) | Std. RQD (%)

Pier 4 AC-12 81.7-83.5 |336.7—334.9 0 0

83.5—-88.5 |334.9-329.9 18 20

88.5—-98.5 |329.9-319.9 38 58

98.5-108.5 | 319.9 — 309.9 46 71

108.5—118.5 | 309.9 — 299.9 62 80

118.5-128.5 | 299.9 — 289.9 81 81

128.5-131.7 | 289.9 — 286.7 100 100

AC-13 82.3-84.3 | 336.6 —334.6 0 0

84.3-89.3 | 334.6 —329.6 28 28

89.3-99.3 | 329.6 —319.6 25 25

99.3-109.3 | 319.6 — 309.6 65 73

109.3 —119.3 | 309.6 — 299.6 59 72

119.3 -129.3 | 299.6 — 289.6 65 73

129.3 - 132.3 | 289.6 — 286.6 57 57

B-3 82.0—-92.0 |337.9-327.9 39 55

92.0-102.0327.9-317.9 59 92

102.0-112.0 | 317.9 - 307.9 60 91

112.0 —122.0 | 307.9 — 297.9 64 80

Pier 5 AC-14 15.0-19.2 |421.0-416.8 64 64

19.2-29.2 |416.8 —406.8 70 80

29.2 —34.0 |406.8—402.0 52 63

34.0-43.0 |402.0-393.0 64 64

43.0-53.0 | 393.0 —383.0 95 95

53.0-62.9 |383.0-373.1 97 97

62.9-729 [373.1-363.1 73 90

72.9-81.5 |363.1 —354.5 80 98

AC-15 27.0-29.3 [392.4-390.1 65 78

29.3-32.3 [390.1-387.1 33 50

32.3-42.3 |387.1-377.1 62 82

42.3-47.3 |377.1-372.1 66 66

47.3-52.3 |372.1-367.1 92 92

52.3-62.3 | 367.1-357.1 77 77

62.3-72.3 [357.1-347.1 68 85

72.3-77.3 |[347.1-342.1 64 64

B-4 15.5-21.5 |404.7-398.7 53 60

21.5-31.5 | 398.7 —388.7 85 98

31.5-415 |388.7—378.7 84 97

41.5-515 | 378.7 —368.7 83 87

51.5-56.2 | 368.7 —364.0 80 96
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Table 2. Summary of Rock Core Data

Substructure

Element Boring No. |Depth Interval| Elevation KY RQD (%) | Std. RQD (%)

Indiana AC-20 3.7-75 491.0 — 487.2 61 61

Abutment 75—-175 |487.2-477.2 80 84

17.5-275 | 477.2 -467.2 61 83

27.5-375 |467.2-457.2 70 93

37.5-44.0 |457.2-450.7 95 95

AC-23 3.6-8.0 489.7 — 485.3 82 82

8.0-18.0 |485.3-475.3 45 49

18.0-23.0 | 475.3-470.3 83 83

23.0-28.0 |470.3 —465.3 60 78

28.0 —38.0 | 465.3 —455.3 96 96

38.0 —48.0 | 455.3 —445.3 100 100

48.0-57.5 | 445.3-435.8 82 82

57.5—-67.5 | 435.8—-425.8 96 96

67.5-74.2 |425.8-419.1 80 87

AC-26 7.4-175 |491.1-481.0 80 80

175-275 |481.0-471.0 60 71

275-375 |471.0-461.0 62 91

37.5-475 |461.0-451.0 86 92

Indiana AC-17 20-7.0 490.0 — 485.0 86 86

Abut_ment 7.0-12.0 |485.0-480.0 74 74

Wing AC-27 1.8-6.5 491.8 — 487.1 87 87

Wall 6.5_12.0 |487.1— 4816 35 35

12.0-17.2 |481.6 -476.4 0 0

17.2-22.2 | 476.4-471.4 0 22

22.2-27.2 |471.4-466.4 31 66

5.2 Field Wave Velocity Measurements for Seismic Design

In order to provide shear wave and compression wave velocities for soil and bedrock at
the bridge site in support of seismic analyses, suspension velocity measurements were
obtained in the soils and bedrock of the site. Pier 1 was selected as the location for the
test because it presented the deepest soil deposits for the site. On October 17, 2007
OYO suspension velocity measurements were performed in a cased, water filled hole at
the location of Boring AC-3 by GEOQOVision Geophysical Services of Corona, California.
The resulting report produced by GEOVision is presented in its entirety in Appendix D.

In general, the method consisted of lowering a single probe down the cased boring.
The probe contained both a sending unit and receivers. The sending unit created a
horizontal pressure wave in the borehole fluid which was converted to shear and
compression waves in the surrounding soil or bedrock. The receivers recorded the
resulting waves and the data was filtered to calculate compression (p) and shear (Sy)
wave velocities at specific intervals from the ground surface to the bottom of the boring.
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5.3 Laboratory Testing Program

5.3.1 General

FMSM personnel conducted laboratory testing of the samples obtained during the field
explorations for the bridge at the Lexington, Kentucky laboratory facility in accordance
with applicable AASHTO or Kentucky Methods of soil and rock testing. The results of
the laboratory testing are shown on the Subsurface Data Sheets presented in
Appendix A. Tests performed on the soil samples obtained during drilling consisted of
moisture contents, particle size analyses, Atterberg limits, and specific gravity
determinations. Groups of SPT samples of like soil types were combined and subjected
to composite classification testing. Laboratory testing for undisturbed thin-walled
(Shelby) tube samples included unconfined compressive strength (UC) and soll
classification tests. The results for all soil testing are presented in Appendix E.

Tests performed on rock core samples recovered from the borings consisted of
unconfined compressive strength, direct shear tests, and Slake Durability Index (SDI)
testing. The results of the rock testing are presented in Appendix F. Six soil samples
and three water samples from the Ohio River were also subjected to resistivity and
corrosivity testing. The results of corrosivity and resistivity results are presented in
Appendix G.

5.3.2 Soil Classification Testing

FMSM laboratory personnel completed classification tests on 67 samples of the
foundation soils collected from the borings at the proposed substructure locations. This
testing resulted in the identification of fourteen soil types as defined by the Unified Soil
Classification System (USCS) method, and six soil types defined by the American
Association of State Highway and Transportation Officials (AASHTO) system. Of the 67
samples tested, 18 samples classified as SP-SM by the USCS system, 12 classified as
SW-SM, and 12 classified as SM, SW, SP, or SC. Sixteen of the samples tested were
classified as GW, GP-GM, GM, GW-GM, or GP, with nine samples being classified as
CL, CL-ML, or ML. A summary of the results is presented in Table 3.

The majority of the soils tested were identified as non-cohesive soils. This correlates
well with the referenced geologic mapping, which identifies non-cohesive alluvial soils
consisting of poorly to well-graded sands and gravels occurring beneath the Kentucky
and Ohio River portions of the bridge.
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Table 3a. Summary of USCS Soil Classification Data

USCS Soil Classification Number of Soils ldentified
CL 7
CL-ML 1
SM 5
SW-SM 12
SW 3
SC 1
SP-SM 18
SP 3
GP-GM 5
GM 3
GW 6
GW-GM 1
GP 1
ML 1

Table 3b. Summary of AASHTO Soil Classification Data

AASHTO Soil Classification Number of Soils ldentified
A-7-6 3
A-6 4
A-4 3
A-1-b 38
A-2-4 4
A-1-a 15

5.3.3 Unconfined Compressive Strength Testing on Soil

Laboratory personnel completed unconfined compressive strength tests on six selected
thin-walled tube samples to provide information from which total stress shear-strength
parameters could be estimated. The results of the unconfined compressive strength
tests are presented on the appropriate Subsurface Data Sheets and are summarized in
Table 4.

The six samples from Borings AC-1 through AC-3 represent cohesive strata of the
location of Pier 1 and returned test values with an average strength of 1533 psf. These
values ranged from 280 psf to 3140 psf, with two of the values being less than 1000 psf.
The lowest value was returned for a sample obtained immediately above the change in
material type from a clay to a sand with clay and immediately above the noted water
table. It is possible that a very thin sand lense or zone of saturation was present within
the sample and established a plane of weakness which resulted in a low failure
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strength. A value of 680 psf was returned from a sample interval obtained within 3.0
feet of the existing ground surface. This low value could be explained by the presence
of a silt lens or organic remnant within the sample. The range of unconfined
compressive strength values may also be attributed to the soil material being from
alluvial deposits which by nature can be non-uniform over relatively short vertical or
horizontal distances.

Table 4. Summary of Unconfined Compressive Strength Tests on Soil

Unit Weights  |Moisture| U.C.
Boring Depth Dry Wet | Content | Strength USCS
No. Station | Offset | Interval (ft) (pcf) (pcf) (%) (psf) |[Classification
AC-1 |187+18.6|44.6 Lt.| 25-45 89.8 106.9 19.1 3140 CL
AC-1 |187+18.6|44.6 Lt.| 10.0-12.0 | 101.5 125.2 23.4 1160 CL
AC-2 |187+28.4|13.5Lt, 50-7.0 94.8 112.4 18.6 2820 CL
AC-2 |187+28.4|13.5Lt.| 20.0-22.0 | 104.0 128.5 23.6 280 CL
AC-3 |187+46.6|60.9 Rt.] 2.5-4.5 82.7 110.7 33.9 680 CL
AC-3 |187+46.6|60.9 Rt.| 10.0-12.0 88.4 118.8 34.3 1120 CL

5.3.4 Unconfined Compressive Strength Testing on Rock

A total of 50 rock core samples obtained from the borings were tested for unconfined
compressive strength. Samples were selected at elevations within or below the likely
drilled shaft rock socket limits. The consideration of shallow foundations at the Indiana
Abutment focused the selection of two samples at shallow elevations. The results of
testing varied from a low value of 13 tons per square foot returned by a shale sample
from Boring AC-14, to a high value of 1,037 tons per square foot in a limestone shale
mixture sample recovered from Boring AC-15. For individual rock test results refer to
Table 5.

5.3.5 Direct Shear Testing of Rock Samples

To support deep foundation design, a total of 30 rock core samples from the borings
were subjected to direct shear testing. The samples were specifically oriented in the
testing mold in order to facilitate shear along a limestone/shale interface. This
orientation was considered to present the most representative failure surface within the
samples recovered. Because the pier foundations are likely to consist of drilled shafts
socketed into bedrock, the normal stress confining the sample was estimated to be
equal to the existing overburden pressure at the depth of the sample being tested. Both
peak and post peak values of shear stress were recorded during the test. A maximum
peak shear stress of 542.5 pounds per square inch was returned at a normal stress of
46.3 pounds per square inch in Boring AC-15. The minimum peak shear stress
returned from testing was 20 pounds per square inch under a normal stress of 31.4
pounds per square inch in Boring AC-6. As would be expected, the post peak shear
stresses were lower than the peak stresses under the same normal stress. The
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maximum post peak shear stress recorded was 88.4 pounds per square inch at a
normal stress of 64.9 pounds per square inch in Boring AC-3. The minimum post peak
shear stress recorded was 10.9 pounds per square inch under a normal stress of 35.3
pounds per square inch in Boring AC-15. These maxima and minima vary greatly
because of the tests being performed in multiple geologic units and of the variance in
failure surface competency and orientation. Refer to Table 5 for results of individual
direct shear tests.

5.3.6 Slake Durability Index Testing

Samples of the bedrock cored were selected for Slake Durability Index (SDI) testing.
This test simulates the weathering processes of bedrock exposed to the elements, and
is typically performed on shales. The process involves placing a measured weight of
rock sample in a closed wire basket which rotates vertically while submerged in water.
The sample pieces are subjected to a series of tumble (wet) and dry cycles and then
weighed. The remaining sample weight is divided by the original sample weight to
determine the percentage of remaining sample (SDI value). Therefore, the more
durable the rock the more sample remains, and the higher the SDI value.

The use of this test, relative to the East End Bridge, relates to the installation of drilled
shafts in bedrock. If drilled shafts are installed into bedrock, the SDI tests will indicate if
there should be concern if water is used as the circulating agent. Shales with low SDI
values may degrade upon exposure to drilling fluid and be removed, leaving spaces
between limestone/dolomite layers. The layers may become loose and collapse into the
shaft during concrete placement, thereby jeopardizing the integrity and structural
capacity of the drilled shaft. Based on the guidelines presented in the Kentucky
Transportation Cabinet — Geotechnical Manual, shales that have an SDI from 50 to 94
are potentially degradable and those with an SDI of less than 50 should be considered
soil-like (degradable). SDI values above 94 indicate the sample is durable and should
not degrade. The results of SDI testing preformed for the East End Bridge are
presented in Table 6.

Six of the 41 samples tested returned values with an SDI value less than 50 and are
therefore considered degradeable. Review of the rock core indicates the shale layers in
the tested intervals are typically less than 0.4 feet in vertical thickness. The locations of
these seams should be further evaluated during the final design of the bridge
foundations relative to the tip elevation of the shaft and anticipated installation practices.
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Table 6. Summary of Slake Durability Index Testing

Substructure
Element Hole No. Sample Depth (feet) SDI
AC-1 106.7 - 107.2 7.7
AC-1 117.2-117.9 76.3
AC-1 128.1 - 128.7 95.8
AC-2 104.8 - 105.4 82.2
Pier 1 AC-2 120.7-121.1 95.3
AC-2 129.9-130.9 91.1
AC-3 87.2 -88.3 48.0
AC-3 102.5-102.9 95.9
AC-3 106.7 - 107.9 36.6
AC-4 94.3 - 95.0 92.9
Pier 2 B-1 117.2-118.0 94.8
AC-6 95.7 -96.1 56.8
AC-6 102.1 - 102.8 76.3
AC-7 106.9 - 107.5 72.1
AC-8 99.4 - 100.2 60.6
AC-8 108.2 —108.9 87.7
Pier 3 AC-8 114.8 - 115.3 6.2
AC-9 94.7 - 95.1 41.5
AC-9 107.4 - 108.0 86.8
AC-9 117.5-117.9 6.4
B-2 102.7 - 103.4 83.1
AC-10 86.8-87.4 71.1
AC-10 99.5 -100.3 88.4
AC-10 108.0 - 108.4 81.7
AC-11 85.6 - 86.2 33.2
AC-11 95.3-95.8 91.1
AC-11 109.7 - 110.6 94.4
Pier 4 AC-12 92.8 -935 89.9
AC-12 101.9 - 102.7 91.9
AC-12 102.9 - 103.5 10.2
AC-13 22.1-239 96.1
AC-13 97.7 - 98.5 89.5
AC-13 108.7 - 109.3 97.5
B-3 48.9 - 49.6 98.1
AC-14 57.5-58.8 96.6
Pier 5 AC-15 25.2-26.2 56.5
AC-15 26.6 - 27.5 88.8
AC-23 35.7 - 36.4 75.2
Indiana Abutment AC-26 23.3-24.0 71.8
AC-26 106.7 - 107.2 77.7
AC-27 117.2-117.9 76.3

Page 27



LSIORB - East End Bridge Over Ohio River Geotechnical Engineering Report
KYTC Item No. 5-118.00 May 12, 2008

5.3.7 Corrosivity Tests on Soil and Water

Chemical characterization tests were performed on six composite soil samples obtained
during drilling and on three water samples obtained from the Ohio River. These tests
were performed to identify potentially corrosive environments or subsurface materials
which may affect foundation design. The soil samples were comprised of composite
samples of similar soil type from multiple boring locations, and were tested by CTL
Group of Skokie, lllinois, in terms of water soluble sulfate content (AASHTO T290) and
minimum soil resistivity (AASHTO T288). The water samples were obtained
approximately 4 feet below the river surface near the Kentucky shore, near mid-river,
and near the Indiana shore. The samples were tested by Microbac Laboratories, Inc. of
Louisville, Kentucky in terms of pH (SM4500), Chloride content (EPA 300.0) and Sulfate
content (EPA 300). The results of the testing are presented in Appendix G, and are
summarized in Tables 7 and 8.

Table 7. Summary of Soil Corrosivity Tests

Water Soluble Minimum
Sample Sulfate (as SO4) | Resistivity
Material Description Source (mg/kg of sample)| (Ohm-cm)
Lean Clay Borings AC-1, 2 4 2118
Silty Sand with Gravel Borings AC-1, 2 33 3135
Well-graded Sand Borings AC-1, 2, 3 41 2570
Sand with Silt and Gravel Borings AC-6, 9, 10,11, 82 1864
12,13, 15,
Poorly graded Sand with Silt and |Borings AC-10, 11, 12, 13 144 1356
Gravel
Well-graded Sand with Silt Borings AC-5, 9, 10, 11, 86 2486
12,13

Table 8. Summary of Chemical Analysis of Water

pH Chloride Sulfate

Sample Source (SU) (mg/l) (mg/l)
Kentucky Shore 7.50 50 130
Mid-River 7.58 50 130
Indiana Shore 7.65 50 130

Page 28



LSIORB - East End Bridge Over Ohio River Geotechnical Engineering Report
KYTC Item No. 5-118.00 May 12, 2008

6.0 SUBSURFACE CONDITIONS

6.1 Overview of Bridge Site Stratigraphy

Available geologic mapping indicates that areas in the vicinity of the 1-265 East End
Bridge over the Ohio River are underlain by Quaternary sediments and soil, as well as
Devonian, Silurian, and Ordovician age bedrock. These sediments and soil consist of,
in lithologic order, alluvium, lacustrine deposits, outwash, as well as loess and eolian
sand. The alluvium was deposited during the Holocene epoch while the lacustrine,
outwash, loess, and eolian sand deposits were deposited during the Pleistocene epoch
of geologic time. Typically soils and sediments located within the Ohio River floodplains
are of the Huntington-Melvin-Combs complex, which are classified as sandy, loamy,
and silty soils that are very deep, well drained to poorly drained, nearly level to
moderately steep, and are flooded frequently.

A plan showing the approximate contours of the bedrock surface, based on the data
obtained from this subsurface exploration program, is presented as Figure 4.

6.2 Kentucky Transition Pier

The Kentucky Transition Pier (Pier 1) is located at Station 187+40. At this location,
Borings AC-1, AC-2 and AC-3 were drilled to provide soil and bedrock data for design.
The results of subsequent soil and bedrock testing were used to develop a generalized
subsurface profile for the transition pier to provide strength parameters for design. This
generalized profile is presented in Figure 5b.

6.2.1 Stratigraphy

Soils encountered during the subsurface exploration, listed by lithologic order, consisted
of lean clay, sandy silty clay, silty sand with gravel, well-graded sand with silt, and
well-graded sand. Groundwater was encountered at elevations ranging from 421.7 to
413.5 feet with a bedrock surface elevation that ranged from 333.6 to 334.9 feet.

6.2.2 Soil Conditions

As depicted in the generalized soil profile, the uppermost horizon is approximately 25
feet in thickness and is a medium strength low plasticity lean clay with an average
unconfined compressive strength of 1,784 pounds per square foot. Beneath the clay a
layer generally described as a sand with silt was encountered with a thickness of
approximately 30 feet and a bottom elevation of 379 feet. This sand was described as
brown to gray, medium to coarse-grained, and loose to medium in consistency. Below
elevation 379 feet a well-graded sand with silt and gravel was encountered. This
horizon continued to the bedrock surface at elevation 334 feet and was described as
medium to coarse-grained and medium dense. Drilling encountered occasional gravels
in this horizon.
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6.2.3 Rock Conditions

The bedrock encountered at Pier 1 correlates will with the referenced geologic mapping,
for the Drakes Formation and is described as limestone (60%) interbedded with shale
(40%). The limestone is gray, fine grained, thin bedded and locally argillaceous. The
shale is gray, silty, and calcareous. The upper 30 to 40 feet of the bedrock was noted
to contain occasional clay seams. Unconfined compressive strength test results varied
from 179 to 625 tons per square foot. SDI testing returned values ranging from 37 to
95.

6.2.4 Field Wave Velocity for Seismic Design

The results of suspension logging of Boring AC-3 returned the shear wave velocity
ranges presented in Table 9.

Table 9. Summary of Shear Wave Velocity Measurements

Depth Material Vs ft/sec

0-25 CL 270-499
25-55 SM, SW 556-1042
55-100 SW-SM 924-1197
100-150.9 Limestone/Shale Mix 2137-7499

Below the water table (elevation 418.3 at Pier 1) and above the bedrock surface
compression waves are of little value because the water directly carries the wave signal
and returns a typical water velocity on the order of 5000 feet per second. The bedrock
returned shear wave velocities between 3,000 and 7,000 feet per second.

6.3 Ohio River — Tower and Anchor Piers

The tower piers for the Ohio River consist of Piers 3 (Station 193+77) and 4 (Station
206+12) and were investigated by Borings AC-6 through AC-13 and Borings B-2 and B-
3. The Kentucky Anchor Pier (Pier 2) is located at Station 189+65 and is described by
Borings AC-4, AC-5, and B-1. The Indiana Anchor Pier (Pier 5) is located at Station
210+24 and was investigated by Borings AC-14, AC-15, and B-4. A generalized
subsurface profile has been prepared for each of these substructure elements and
should be utilized during foundation analyses and design. These profiles are presented
in Figure 5c¢, 5d, 5e, and 5f, for Piers 2, 3, 4, and 5 respectively.

6.3.1 Stratigraphy

Soils encountered during the subsurface exploration, listed by lithologic order, consisted
of well-graded sand with silt and gravel, poorly graded sand with silt and gravel, and
poorly graded sand with silt. Bedrock surface elevations ranged from 423.9 feet at the
Ohio River bank on the Indiana side to 334.9 feet at the Ohio River bank on the
Kentucky side.
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6.3.2 Soil Conditions

The soils at the Kentucky Anchor Pier consisted of approximately five feet of soft,
sandy, lean clay above the pool elevation of the river. In order of descending elevation
the following horizons were encountered below the water surface: 14 feet of sand with
silt which is medium to coarse-grained and medium in consistency, 30 feet of
well-graded sand with silt which is medium to coarse-grained and medium in
consistency, and 45 feet of well-graded sand with silt and gravel which is medium to
coarse-grained, medium to dense in consistency and contains sub-rounded to rounded
gravel. The bedrock surface was encountered at elevations ranging from 328.5 to
338.6 feet.

The Kentucky Tower Pier will rest in approximately 40 feet of water on sands and gravel
horizons. Beginning at a river bottom elevation of 379 feet and decreasing in elevation,
the following four soil horizons were noted: 14 feet of well-graded sand with silt and
gravel which is medium to coarse-grained and medium in consistency, 11 feet of
well-graded sand with silt and gravel which is medium to dense in consistency, 15 feet
of dense to very dense well-graded gravel with silt, and 7 feet of poorly graded sand
with silt overlying bedrock which is medium grained and is medium to very dense in
consistency.

The Indiana Tower Pier also will be located in approximately 40 feet of water with a river
bottom elevation of 379 feet. The three soil horizons encountered below the river
bottom in order of decreasing elevation, are: 19 feet of poorly to well-graded gravel with
sand which is loose to medium in consistency, 16 feet of poorly graded sand with silt
and gravel which is medium to coarse-grained and medium to very dense in
consistency, and 7 feet of medium to very dense poorly sorted gravel with silt.

The Indiana Anchor Pier is located at the edge of the Ohio River and will fall on both a
steep slope rising out of the river and upon alluvial sands and gravels within the river.
Because of utility conflicts, Boring AC-14 was advanced within the limits of River Road.
The soil beneath River Road is described as moist sandy lean clay which is soft in
consistency, and contains some gravel. Bedrock was encountered at an elevation of
424 feet. Borings B-4 and AC-15 were advanced in the river and encountered river
bottom elevations of 419 and 416 feet, respectively. Beneath the river bottom, in Boring
AC-15, four feet of loose sandy silt with gravel was encountered overlying 17 feet of
dense to very dense poorly graded gravel with silt and sand. Bedrock was encountered
at an elevation of 392 feet.

6.3.3 Rock Conditions

At the Kentucky Anchor Pier location the bedrock surface elevation varied from 328.5 to
338.6 feet. The top 52 feet of the bedrock was described as limestone (55%)
interbedded with shale (45%). This correlates well with the referenced mapping of the
Drakes Formation. The limestone is gray, fine grained, thin bedded, locally argillaceous
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and locally fossiliferous. At approximate elevation 283 feet the percentage of shale in
the unit increased to 70 percent and the limestone decreased to 30 percent.

The bedrock underlying both the Kentucky and Indiana Tower location is also of the
Drakes Formation and is described as limestone (which varies from 50% to 80% of the
unit) interbedded with shale (30 to 50% of the unit). The limestone is gray,
microcrystalline to fine grained, thin bedded, fossiliferous and argillaceous. The shale is
silty, laminated to thinly bedded, calcareous and fossiliferous. The surface elevation of
the bedrock varied from 330.4 to 333.2 feet at the Kentucky Tower and from 334.1 to
340.4 feet at the Indiana Tower location.

The bedrock surface rises significantly at the location of the Indiana Anchor Pier, with
an elevation of 423.9 feet encountered in Boring AC-14 and 392.4 feet noted in Boring
AC-15. Five distinct rock units were identified in these borings and belong to two
geologic formations as identified in the referenced geologic mapping. The Laurel
dolomite is represented by four of the rock units and was encountered between the
elevations of 421 and 392 feet. Between elevation 421 and 417 feet the bedrock is a
gray, medium grained limestone which is thin to medium bedded. From elevation 417
to 407 the unit consists of 60 percent limestone and 40 percent shale which are
interbedded. The limestone is gray, fine to medium grained and very thin to medium
bedded, and the shale is gray and silty. A layer of gray to red shale was encountered
from elevation 407 to 404 feet, and described as very thin bedded and silty. Testing on
this shale indicates it is of low strength and highly degradable. Beneath this shale, a
light gray, fine grained, thinly bedded limestone unit was noted from elevation 404 to
392 feet. From elevation 394 to 392 feet this unit becomes dolomitic and is greenish
gray in color. Below elevation 392 feet, the Osgood Formation was identified as
interbedded limestone and shale. The limestone varies from 30 to 60 percent of the unit
while the shale varies from 40 to 70 percent of the unit. The limestone is gray, fine to
medium grained, very thin to medium nodulary bedded and fossiliferous. The shale of
the unit is gray, silty, laminated, calcareous and fossiliferous.

6.4 Indiana Abutment

6.4.1 Stratigraphy

Soils occurring in the area of the abutment consist of sand and gravelly lean clay, and
range from two to twelve feet in thickness. Bedrock surface elevations varied from 490
to 492 feet in the borings advanced. A generalized subsurface profile has been
prepared for the Indiana Abutment and should be utilized during foundation analyses
and design. This profile is presented in Figure 5g.

6.4.2 Soil Conditions

Soils encountered during the drilling program consist primarily of varying percentages of
clays, gravels and sands. Previous mining or earth moving operations have mixed the
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residual site soils with gravel and sand-size particles to attain the current soil matrix.
The soil is typically brown, soft, and displays low plasticity because of the granular
content. The thickness of these soils overlying bedrock varied from 1 to 7 feet.

6.4.3 Rock Conditions

The bedrock surface elevations encountered at the Indiana Abutment location varied
from 490 to 492 feet. Beneath this surface, the first of three rock strata was cored. This
rock unit consisted of gray limestone which is fine grained, very thick bedded, locally
contains clay seams, and was approximately 16 feet in thickness. At the location of
Boring AC-27 a clay seam with a thickness of two feet was encountered from elevation
483.6 to 481.6. The limestone terminated at elevation 474 feet, at the top of a shale
unit with a thickness of 15 feet. This shale unit was dark gray and tan, very thick,
bedded, and ended at the top of another limestone unit at elevation 459 feet. From
elevation 459 to 423 feet a gray and tan limestone was cored. This rock was described
as fine grained, medium bedded to very thick bedded with zones fractured, and locally
dolomitic. Below the limestone a shale layer with a thickness of two feet was recovered
from elevation 423 to 421 feet, and was described as dark gray and medium bedded.
Beneath the shale and above the bottom of the boring at elevation 419 feet a light gray,
medium bedded, limestone was encountered.
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7.0 GEOTECHNICAL EVALUATION

The East End Bridge over the Ohio River is being designed using AASHTO LRFD
methods. Drilled shaft foundations are planned at Piers 1 through 5, and a spread
footing foundation is planned at the Indiana Abutment. Analyses have been performed
for foundation bearing, uplift and lateral load conditions.

7.1 Geotechnical Design Parameters

Geotechnical design parameters have been developed for each of the substructure
elements, as shown in Figures 5a through 5f, Generalized Subsurface Profiles. The
generalized subsurface profiles were developed based on average conditions as
represented by the borings at each substructure element. Evident outliers in the data
were not included when developing the average design parameters. For the bedrock
formations, the Mohr-Coulomb strength parameters, cohesion ¢ and friction angle phi,
were based on the AASHTO procedures for the use of Rock Mass Ratings (RMR) for
estimation of strength (AASHTO C10.4.6.4). The calculated strength parameters at the
Indiana Abutment were reduced due to the presence of clay seams at boring AC-23.

For laterally loaded drilled shaft evaluations, use of the average top of rock elevation as
depicted in Figure 5 would have been potentially underconservative in predicting
deflections under lateral load. Where the top of rock is deeper than average conditions,
deflections under imposed lateral load may be larger. In contrast, for the case of
imposed deflections due to thermal expansion, or for seismic loading, higher stresses
will be obtained where rock is shallower than average conditions, due to a shallower
depth of fixity. For preliminary engineering analyses, the average rock elevation is
used.

Design scour depths for the project have been developed by Wilbur Smith Associates,
with the scour analysis based upon the 100-year storm event. The total design scour
depth at the river piers, Piers 3 and 4, is approximately 40 to 43 feet below the bottom
of channel. At Pier 3, about 5 to 8 feet of soil is anticipated to remain after scour, and at
Pier 4, scour is anticipated to extend to top of rock. To a lesser extent, scour is also
anticipated at the transition and anchor piers, Piers 1, 2 and 5, with scour depths of
about 13 to 20 feet below the ground surface.

7.2 Seismic Design Parameters

The East End Bridge is considered to be a “Critical” bridge. As such, it is expected to
remain serviceable (with minor, repairable damage) following a significant earthquake,
and to withstand a lesser earthquake with virtually no damage. Therefore, the East End
Bridge is being designed using a dual-seismic hazard approach, considering two sets of
ground motions:
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e higher level Safety Evaluation Earthquake (SEE) with a return period of
approximately 2500 years

e lower level Functional Evaluation Earthquake (FEE) with a return period of
approximately 500 years

For the preliminary design phase, design response spectra for the 2500-year SEE were
computed following the methodology given in MCEER/ATC 49 Recommended LRFD
Guidelines for the Seismic Design of Highway Bridges (2003). A review of the boring
logs indicated that site class is between Site Classes C and D. Conservatively, Site
Class D was used for the horizontal (longitudinal and transverse) ground motions. The
vertical ground motions were computed as 70% of the Site Class B spectra. The
response spectra curves used for the preliminary design phase are shown in Figure 6.

In the final design phase, the ground motion inputs (response spectra) for the SEE and
FEE will be determined based on a site specific study for the East End Bridge. This will
include site response analyses based on data from the boring logs and shear wave
velocity measurements (P-S logging) taken at the site.

7.3 Recommended Foundation Types

Rock bearing foundations are recommended for support of the Kentucky transition pier,
anchor piers, river piers and the Indiana abutment. Due to the depth to bedrock, drilled
shaft foundations are recommended for the Kentucky transition pier, anchor piers, and
the river piers. Drilled shaft foundations should be socketed into rock to take advantage
of the side friction afforded by the rock socket in compression and uplift, and the high
lateral resistance of the rock socket to aid in restraining deflection under lateral loads,
particularly at the main pier where the overburden may scour to a depth of more than 40
feet.

Driven pile foundations could not be advanced into rock without predrilling, and
therefore would not provide the necessary resistance to uplift and lateral loads.
Therefore, driven pile foundations are not recommended for foundations.

At the Indiana abutment, where the depth to rock is shallow, a continuous spread
footing foundation bearing on rock is recommended.

7.3.1 Pier 1 - Kentucky Transition Pier

As shown in Table 1, the depth to top of rock at the three borings at Pier 1 ranged from
98.8 to 100.4 feet below ground surface. The corresponding top of rock elevation
ranged from 333.6 to 334.9 feet. The preliminary design scour depth at this pier was
subsequently determined to be 15.2 feet, or elevation 418.8 feet; a scour depth of 16
feet was used in the foundation analyses. Rock-socketed drilled shaft foundations are
recommended, with one drilled shaft supporting each pier column.
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7.3.2 Pier 2 - Kentucky Anchor Pier

As shown in Table 1, the depth to top of rock at the three borings at Pier 2 ranged from
81.0 to 98.4 feet below ground surface or river water surface, with a corresponding top
of rock elevation ranging from 328.1 to 338.6 feet. The design scour was determined to
be 13.3 feet, or elevation 390.8 feet; analyses were performed using a scour depth of
14 feet below the mudline. Rock-socketed drilled shaft foundations are recommended,
with one drilled shaft supporting each pier column.

7.3.3 Piers 3 and 4 - Tower Piers

As shown in Table 1, the depth to top of rock at the five borings at Pier 3 ranged from
86.2 to 89.1 feet below river water surface at the time of drilling, with a corresponding
top of rock elevation ranging from 330.4 to 333.2 feet. The overburden depth above top
of rock ranged from 45.3 to 48.6 feet. The design scour depth at Pier 3 is 40.7 feet,
leaving less than 8 feet of overburden soils for the design scour condition.

The depth to top of rock at the five borings at Pier 4 ranged from 79.5 to 84.2 feet below
river water surface, with a corresponding top of rock elevation ranged from 334.1 to
340.4 feet. The overburden depth above top of rock ranged from 38.5 to 42.6 feet. The
design scour depth at Pier 4 is 42.9 feet, so essentially all soil is anticipated to be
removed by scour during the 100-year storm event.

Analyses for Piers 3 and 4 were performed with a preliminary design scour depth of 40
feet.

7.3.4 Pier 5 -Indiana Anchor Pier

As shown in Table 1, the depth to top of rock at the three borings at Pier 5 ranged from
11.0 to 27.0 feet below ground surface or river water surface. The corresponding top of
rock elevation at the borings ranged from 392.4 to 423.9 feet. The top of rock rises from
north to south along the line of the pier, because the south end of the pier is closer to
the steep Indiana bank of the Ohio River. The south boring was offset to the river bank
due to utility conflicts, and therefore top of rock at the southernmost foundation location
is likely lower than top of rock elevation 423.9 feet as encountered at the boring
location. Analyses were performed using a preliminary design scour depth of 17 feet
below the mudline; subsequently, the design scour was determined to be 19.7 feet, or
elevation 395.5 feet. Rock-socketed drilled shaft foundations are recommended, with
one drilled shaft supporting each pier column.

7.3.5 Indiana Abutment

As shown in Table 1, the depth to top of rock or auger refusal at the five borings and
eight auger probes at the Indiana Abutment and wing wall ranged from 1.2 to 6.9 feet
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below ground surface. The top of rock elevation or refusal elevation ranged from 488.7
to 492.0 feet. A spread footing foundation bearing on rock is recommended for the
abutment, and the MSE wall wing walls should also bear on rock. The design bearing
elevation of the abutment foundation is approximately elevation 484.0 feet. The south
and north MSE wing walls have design top of leveling pad elevations of about 485.0 and
490.0, respectively.

7.4 Foundation Analyses, Drilled Shafts

For the tower piers, a total of eighteen drilled shafts are planned at each pier, arranged
as an elliptical outer ring of twelve drilled shafts and two rows of three drilled shafts
within the ellipse. For Piers 1, 2 and 5, three individual drilled shafts are planned per
pier. The layouts of the drilled shafts at each pier are shown on the Preliminary Design
Plans dated December 2007.

Analyses for axial loads in bearing, axial loads in uplift, and lateral loads for the drilled
shafts at Piers 1 through 5 are discussed in the following subsections. The drilled
shafts will be constructed with permanent steel casing to top of rock. In the analyses
performed for this report, the permanent steel casing has been included in the drilled
shaft section above top of rock.

Two alternative shaft diameters are under consideration, including:
e 8'-6" diameter shaft (O.D. of steel casing) with 8'-0" diameter rock socket
e 8'-0" diameter shaft (O.D. of steel casing) with 7'-6" diameter rock socket

The project is being designed in accordance with the AASHTO LRFD Bridge Design
Specifications, 2007. The preliminary design loads on the drilled shafts were
established by PB'’s structural engineers using the structural analysis program LARSA
4D v7.0. The maximum factored shaft head demands were determined using LARSA
based on the worst case from the LRFD load combinations for Strength | through V limit
states and the Extreme Event | (seismic) limit state. For geotechnical analyses, a range
was applied to the preliminary design maximum loads, in consideration of the
preliminary stage of the design.

The highest compression loads, up to about 17,000 kips per drilled shaft, are
anticipated at the two tower piers, with significant compression loads also anticipated on
drilled shafts at Pier 1 (Kentucky Transition Pier). Uplift loads of up to about 2,700 kips
are anticipated at the tower piers, with minor uplift loads (up to 200 kips) also
anticipated at Pier 2 (Kentucky Anchor Pier). The maximum compression on the shafts
in the main tower foundations is anticipated under the Strength IV Limit State (Dead
Load + Water + Wind + Temperature). The maximum uplift on the shafts in the main
tower foundation is anticipated under the Strength Il Limit State (Dead Load + Water +
Wwind + Temperature). The ranges of loads evaluated are summarized in Table 10
below:
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Table 10. Range of Drilled Shaft Loads for Geotechnical Evaluation

Axial Load, Per Drilled Shaft, Bending
. . ; Lateral Load
Pier Location Kips Moment
Uplift Compression Kips k-ft
Pier 1 | Kentucky Pier N/A 10,000 to 13,000 200 to 250 4,000 to 6,000
Pier 2 Kentucky_ 100 to 200 2,500 to 3,500 200 to 250 4,000 to 6,000
Anchor Pier
. Kentucky 40,000 to
Pier 3 Tower Pier 2,000 to 2,700 | 13,000to 17,000 | 1,000 to 1,500 60.000
pier 4 | INdiana Tower | 5 554145 700 | 13,000 to 17,000 | 1,000 to 1,500 40,000 to
Pier 60,000
. Indiana 11,000 to
Pier 5 Anchor Pier N/A 3,500 to 4,500 300 to 500 13.000

Note 1: All values presented in Table 10 are factored loads and bending moments.

Note 2: For Piers 3 and 4, the head of the drilled shaft is assumed to be fixed against
rotation. Moments at these pier heads include the effects of horizontal shear.

Note 3: Pier 1 loads were developed for a prior configuration of the bridge structure
which included extension of the concrete box girder across Transylvania Road.
The final desing loads are anticipated to be lower, and analyses will be updated
during final design.

7.4.1 Axial Bearing

Preliminary design loads have been provided by PB structural designers. The range of
axial loads is summarized in Table 10.

Axial compression load is assumed to be carried entirely in the bedrock, by combined
rock socket side friction and end bearing at the base of the rock socket. The
contribution of the overburden soil to drilled shaft axial capacity is neglected, based on
considerations of scour potential, as well as strain incompatibility between soil and rock
side friction. For the tower piers, group effects have been neglected since the drilled
shafts will achieve their full axial capacity in rock.

Preliminary design charts have been developed showing compressive capacity as a
function of rock socket length, as presented in Figures 7a, 7b, 8a, 8b, 9a, 9b, 10a, and
10b. The compressive capacity includes both socket friction and end bearing, and has
been evaluated for both 7.5-foot and 8.0-foot diameter sockets. The capacities shown
on the charts are factored resistances, and include a resistance factor of 0.7 on socket
friction and end bearing, corresponding to the case where static load tests (Osterberg
load cell tests) are to be conducted. For extreme limit states (earthquake, ice, or vessel
impact, etc.), a resistance factor of 1.0 is used. The compressive capacity of the 7.5-
foot diameter shafts as a function of shaft length is shown in Figure 7a for Pier 1 and in
Figure 8a for Piers 2 through 5, with the Extreme Limit State case shown in Figures 7b
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and 8b for Pier 1 and Piers 2 through 5, respectively. The compressive capacity of the
8.0-foot diameter shafts as a function of shaft length is shown in Figure 9a for Pier 1
and in Figure 10a for Piers 2 through 5, with the Extreme Limit State case shown in
Figures 9b and 10b for Pier 1 and Piers 2 through 5, repsectively. Refer to Appendix H
for calculations.

A minimum center-to-center spacing of 2.5 socket diameters should be provided
between shatfts.

7.4.1.1 Pier 1 - Kentucky Transition Pier

The maximum anticipated factored load of 13,000 kips in compression can be resisted
by a drilled shaft with a rock socket length of 27 feet for a 7.5-foot diameter socket, or
25 feet for an 8.0-foot diameter socket. The socket length at the transition pier is
governed by the axial compression load since at this location a rock socket is not
needed to develop fixity of the drilled shafts to lateral load. Based on the load demands
provided by the structural engineers, there are no uplift loads on the drilled shafts at the
Kentucky transition pier. Refer to the compressive capacity charts in Appendix H for
results of analyses.

7.4.1.2 Pier 2 - Kentucky Anchor Pier

The maximum anticipated factored load of 3,500 kips in compression can be resisted by
a drilled shaft with a rock socket length of 5 feet for a 7.5-foot diameter socket, or 4.5
feet for an 8.0-foot diameter socket. The minimum design socket length is 1.5 times the
socket diameter, and therefore the 7.5-foot and 8.0-foot diameter sockets must have
minimum socket lengths of 11.25 and 12.0 feet, respectively. Lateral loads may govern
the required minimum rock socket length in final design. Uplift load demand at the
Kentucky anchor pier is small and will not govern the design socket length. Refer to the
compressive capacity chart in Appendix H for results of analyses.

7.4.1.3 Piers 3 and 4 - Tower Piers

The maximum anticipated factored load of 17,000 kips in compression can be resisted
by a drilled shaft with a rock socket length of 32 feet for a 7.5-foot diameter socket, or
28 feet for an 8.0-foot diameter socket. These shaft socket lengths will provide the
necessary resistance to anticipated uplift loads. Lateral loads may govern the required
minimum rock socket length in final design. Refer to the compressive capacity chart in
Appendix H for results of analyses.

7.4.1.4 Pier 5 - Indiana Anchor Pier
The maximum anticipated factored load of 4,500 kips in compression can be resisted by
a drilled shaft with a rock socket length of 7 feet for a 7.5-foot diameter socket, or 6 feet

for an 8.0-foot diameter socket. The minimum design socket length is 1.5 times the
socket diameter, and therefore the 7.5-foot and 8.0-foot diameter sockets must have
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minimum socket lengths of 11.25 and 12.0 feet, respectively. However, lateral loads
may govern the actual required rock socket length. Based on the load demands
provided by the structural engineers, there are no uplift loads on the drilled shafts at the
Indiana anchor pier. Refer to the compressive capacity chart in Appendix H for results
of analyses.

7.4.2 Uplift

As shown in Table 10, drilled shafts at Piers 3 and 4, the tower piers, are subject to
maximum design uplift loads per shaft of 2,000 to 2,700 kips, applied at the top of the
shaft. Uplift loads occur at some of the drilled shafts at Piers 3 and 4 under Strength |
through V and Extreme Event load cases; the maximum uplift values are used for
evaluation of required rock socket dimensions. In addition, short term uplift is
anticipated during the construction condition, based on uplift on the tremie seal; these
hydrostatic uplift conditions will be evaluated further in final design. The drilled shafts at
Pier 2, Kentucky Anchor Pier are anticipated to be subject to relatively low uplift loads
per shaft up to about 200 kips. No uplift loads are anticipated on drilled shafts at Piers
1 and 5. The loads cited above are factored loads based on LRFD analyses.

Preliminary design charts have been developed showing uplift capacity as a function of
rock socket length, as presented in Figures 7c, 7d, 8c, 8d, 9c, 9d, 10c, and 10d. In
accordance with AASHTO, the resistance factor used for the socket friction for uplift
loading was 0.6, corresponding to the case where static load tests (Osterberg load cell
tests) are to be conducted. For extreme limit states (earthquake, ice, or vessel impact,
etc.), a resistance factor of 0.8 is used for uplift. The uplift capacity of the 7.5-foot
diameter shafts as a function of shaft length is shown in Figure 7c for Pier 1 and in
Figure 8c for Piers 2 through 5, with the Extreme Limit State case shown in Figures 7d
and 8d for Pier 1 and Piers 2 through 5, respectively. The uplift capacity of the 8.0-foot
diameter shafts as a function of shaft length is shown in Figure 9c for Pier 1 and in
Figure 10c for Piers 2 through 5, with the Extreme Limit State case shown in Figures 9d
and 10d for Pier 1 and Piers 2 through 5, respectively. Refer to Appendix H for
calculations and preliminary design charts.

7.4.2.1 Pier 2 - Kentucky Anchor Pier

The maximum anticipated factored load of 200 kips in uplift can be resisted by a drilled
shaft with a rock socket length of only about 1 ft for either a 7.5-foot diameter socket, or
an 8.0-foot diameter socket. However, minimum design socket lengths and/or design
for compression and lateral loads will govern the actual required rock socket length.
Refer to the uplift capacity chart in Appendix H for results of analyses.

7.4.2.2 Piers 3 and 4 - Tower Piers
The maximum anticipated factored load of 2,700 kips in uplift can be resisted by a

drilled shaft with a rock socket length of 11 feet for a 7.5-foot diameter socket, or 10 feet
for an 8.0-foot diameter socket. If the load corresponds to an extreme limit state, the
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required socket lengths will be smaller (9 feet and 8 feet respectively) due to the higher
resistance factor allowed by the code. However, compression and lateral loads will
govern the actual required rock socket length in final design. Refer to the uplift capacity
chart in Appendix H for results of analyses.

7.4.3 Lateral Capacity

Soil-structure interaction modeling of the bridge is being performed by PB structural
engineers using LARSA. The LARSA model requires a depth to fixity of the drilled
shafts, and the stiffness properties of the drilled shafts. As part of this geotechnical
evaluation, LPILE analyses have been performed in order to estimate an equivalent
depth of fixity for use in the LARSA model.

LPILE v5, distributed by ENSOFT, is a program for analysis of a single pile or drilled
shaft under lateral loading. The program computes deflection, shear, bending moment,
and ground response with respect to depth in nonlinear soils or rock. Several drilled
shaft lengths may be automatically checked by the program in order to help the user
produce a design with an optimum shaft penetration. Soil and rock behavior is modeled
with p-y curves internally generated by the computer program following published
recommendations for various types of soils, with special procedures programmed for
developing p-y curves for rock.

The section properties used in the LPILE drilled shaft analyses are consistent with those
used in the LARSA analyses, for both the cased section above top of rock and the
uncased rock socket. The properties are summarized below:

e Casing wall thickness 3/4 inch
e Concrete strength 5,000 psi
e Effective cracked section stiffness 65% of uncracked stiffness

A range of load conditions has been considered, with shear and/or moment, as well as
compressive load applied at the drilled shaft head. The load range for factored loads is
shown in Table 10. The LPILE analyses were performed both with and without scour,
since the LARSA model will be used to evaluate loads in both conditions. For use in
modeling the bridge for structural analyses of loads and stresses, loads may be factored
in accordance with AASHTO LRFD specifications.  For prediction of deflection for
comparison to deflection service limits, unfactored service loads should be used.

According to AASHTO, the horizontal geotechnical resistance factor for single shaft or
shaft group should be 1.0. In addition, the minimum penetration of the drilled shafts
below ground should be such that the fixity is obtained.

One purpose of the calculations is to find the minimum required socket length to provide
fixity of the shaft. In these calculations, it is assumed that the fixity is achieved with a
certain rock socket length, beyond which increasing the rock socket will have no
significant effects on the drilled shaft behavior under lateral loads and bending moment.
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Analyses were performed for the cases without scour and with the maximum predicted
scour. Either case can be critical under different conditions. In addition, some extreme
load cases, such as earthquake, are usually applied with one-half of the maximum
scour. The half-scour case was not analyzed for this preliminary stage, as it can be
approximated by interpolating between the cases of no scour and maximum scour. The
extreme earthquake loading case with half-scour should be evaluated during final
design.

For the main tower piers (Piers 3 & 4), the shafts are in large groups arranged in an
elliptical pattern in plan. The shaft head is therefore assumed fixed against rotation.
For the other piers, the shafts are arranged in a single row in the transverse direction
(transverse to the centerline of the bridge); therefore, the shaft head is not fixed in the
longitudinal direction, and is assumed free to rotate in LPILE analysis.

Per AASHTO, the group effect for horizontal loading should be modeled with a P-
multiplier in the p~y curves. If the shafts are spaced at a center-to-center spacing of 3
times diameter, P-multipliers of 0.7, 0.5 and 0.35 should be applied on the leading row,
second row, and other rows of shafts, respectively. For the large shaft groups
supporting Piers 3 & 4, most of the shafts are in the 3" row or higher, therefore, a P-
multiplier of 0.35 is applied, conservatively. For the shafts supporting other piers, a P-
multiplier of 0.7 was applied as all the shafts are in the first row. Note that these
p~multipliers were applied to soil only, as they are not applicable to rock.

LPILE output of load-deflection relationships is presented in Appendix G. LPILE
analyses have been performed for each pier location, except that based on similarity of
ground conditions and loading, a single analysis was performed for the two tower piers
at this preliminary stage of design. The LPILE analyses were performed using the
average rock elevation at each pier location. During final design, additional analyses
should be performed to evaluate the potential effect of variation in top of rock between
boring locations.

Based on the results of lateral load analyses, the minimum required rock socket depths
to achieve fixity were determined based on the upper limit lateral loading. At Pier 1,
since there will be significant overburden remaining after the maximum design scour,
the rock socket is not required for the drilled shaft to achieve fixity. Therefore the axial
load requirements will govern the rock socket length. At Pier 2, a minimum 5-foot
socket is required to achieve fixity. At Piers 3 and 4, a minimum 25-foot rock socket is
required for fixity. At Pier 5, a minimum 15-foot socket is required. See Appendix G for
a summary and details of the lateral load analyses. Where the design socket required
for lateral load resistance is less than 1.5 times the socket diameter, the socket length
will be increased to 1.5 times the socket diameter, in accordance with KYTC practice.

One way to model the drilled shaft foundation in the structural analysis is to model the
drilled shafts as columns with an equivalent point of fixity (as used in the LARSA
model). Calculations were performed based on results of the lateral load analyses to
estimate the equivalent point of fixity at each pier location. The calculation was based
on a procedure to find a fixity point of an imaginary column, with the same section
modulus (El) as the drilled shaft, at certain distance below the shaft head that would
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produce similar lateral deflections at the shaft head under the same sets of lateral
loading (shear and/or bending moment). The resulting approximate equivalent points of
fixity, for cases evaluated with and without scour, are summarized in Table 11 for
preliminary design purpose.

Table 11. Approximate Elevations of Fixity

Shear Moment Approx. Elevation of Fixity, ft
kips k-ft Without Scour Max. Scour
Pier 1 | KY Transition Pier | 200 to 250 | 4,000 to 6,000 388 374
Pier 2 | KY Anchor Pier 200 to 250 | 4,000 to 6,000 368 349
Piers | KY & IN Tower | 1,000 to Fixed Against
3&4 | Piers 1,500 Rotation 330 323
, , 11,000 to
Pier 5 | IN Anchor Pier 300 to 500 13.000 386 385

7.5 Foundation Analyses - Indiana Abutment

A cast-in-place concrete retaining wall is planned for the Indiana Abutment, with a total
retained height of approximately 39 feet to finished pavement grade. The design of the
retaining wall and abutment foundation must be performed in accordance with AASHTO
LRFD specifications.

LRFD analyses for shallow foundations and abutments commence with Service Limit
State evaluations. Service limit state settlement considerations are generally not
anticipated to control design for footings bearing on sound rock. However, due to the
presence of a clay seam as encountered at AC-23, and indications of weathering in
geologic mapping observations, it is recommended that the factored bearing resistance
at the Service | Limit State (settlement) be limited to 20 ksf. This recommended
nominal bearing resistance is based on local experience and engineering judgment,
with consideration of the influence of clay seams on foundation settlement. A shallow
foundation designed in accordance with this recommended nominal bearing resistance,
under the anticipated maximum design load of approximately 100 kips per linear foot, is
anticipated to experience settlement of about %2 inch.

Global stability was checked using limit equilibrium methods, considering the potential
for the loads of the abutment foundation to create a sliding failure of a rock block. The
centerline of the abutment foundation is approximately 35 feet in plan from top of slope,
and the toe of the abutment foundation will be at least 25 feet from the top of slope.

Due to the offset distance, the risk of abutment loads resulting in rock slope instability
was considered low. However, global stability was checked, using unfactored loads for
the abutment. Three potential failure modes were evaluated: planar failure along a
high angle joint, toppling, and planar failure along a horizontal clay seam. Based on the
stereographic projection analysis, 3 major discontinuity sets were identified including a
nearly horizontal bedding plane and 2 vertical joint sets. Considering the orientation of
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the rock slope with regard to the discontinuity orientations, it was not anticipated that
planar failure along the high angle joint would occur because the high angle joint does
not daylight to the rock slope. However, it was anticipated that toppling of the high angle
joint and sliding along the nearly horizontal seams/layers would be feasible at the
Indiana Abutment.

The factor of safety was calculated by a simple toppling analytical technique (Kliche,
1999) and indicated that the factor of safety exceeded the minimum required factor of
safety of 1.5 based on the geometry as illustrated in Appendix H.

Due to the clay seams in the limestone layers and interfaces between shale and
limestone beds, it is possible that the wedge block formed by high-angle joint and
horizontal layer such as the clay seam or the interface could slide toward Upper River
Road, depending on the strength of the sliding plane.

For the factor of safety calculation, the shear strength parameters along the sliding
plane were estimated to be a 1000-psf cohesion together with 5-degree internal friction
angle, based on a literature review (Rock Slope Reference Manual, Publication No.
FHWA HI-99-007) and previous experience on similar strata.

Factors of safety were calculated for the following 3 different sliding planes:

e Case I: Along clay seam at approximately elevation 478;
e Case lI: Along upper interface of limestone and shale beds at elevation 474.2;
e Case lll: Along lower interface of limestone and shale beds at elevation of 459.2.

In each case, 3 different stages of slope conditions were considered, including pre-
construction, after construction, and after construction with seismic conditions. Also, 3
different failure plane angles (1, 3, and 6 degrees) were applied to each stage in the
factor of safety calculation to reflect slight variations of dips of seams and bedding
planes.

The failure planes are likely above the groundwater table. However, because surface
runoff temporarily collects in vertical and near vertical joints, a lateral hydrostatic
pressure and uplift pressure were considered in the factor of safety calculation. It was
conservatively assumed that the vertical joint intersecting the nearly horizontal
seam/bedding plane was fully filled with water in the analysis.

Results of the factor of safety calculations are shown in a summary table in Appendix H.
As a minimum factor of safety criteria for the slope stability analysis, 1.5 for the
abutment (“critical structure”) and 1.3 for the abutment wing walls ("non-critical
structure”), and 1.1 for seismic loading conditions are applied.

For seismic loading, a horizontal acceleration of 0.1 g was applied as a pseudo-static

seismic force acting on the sliding block. Vertical acceleration was not considered in the
analysis, as it normally has only a minimal effect on stability calculations. The horizontal
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acceleration of 0.1 g corresponds to two-thirds of the peak ground acceleration of 0.15 g
as shown in the site-specific response spectra in Figure 6. In eight of the nine seismic
cases analyzed, the calculated factors of safety under the 0.1 g horizontal acceleration
exceeded the minimum required factor of safety of 1.1 for seismic loading. However, in
one case the factor of safety was 1.05, which may still be acceptable as long as the
deformation during earthquake is within acceptable limits. In addition, the factor of
safety can be transiently lower than 1.0 under the peak acceleration of 0.15 g, in which
case some lateral movement of the abutment may occur. During final design, a seismic
displacement analysis, such as using the Newmark method, should be performed in
final design to estimate the magnitude of the displacement. The displacement is likely
to be on the order of a few inches.

It should be noted that further investigation and analysis during final design are
necessary to better assess bedding plane orientation and the presence and shear
strength of clay seams at the location of the abutment and abutment wing walls.
Additional seismic analyses will also be needed to estimate lateral slope displacement
due to seismic loading.

Loads on the retaining wall and foundation include the bridge structure loads, earth
pressure, traffic surcharge, and dynamic earthquake loading. Sliding and overturning
must be considered in design of the footing. For stability against overturning, the
resultant of forces on the base of the footing must remain within the middle three-
quarters of the footing.

Geotechnical analyses to evaluate nominal bearing resistance and nominal sliding
resistance are included in Appendix H. The following parameters were used to design
the Indiana Abutment:

e Effective stress friction angle of granular backfill = 32°, unit weight y = 125 pcf

e Factored bearing resistance on bedrock = 20,000 psf; this incorporates a
resistance factor of 0.45. Bearing resistance is based on the angle of internal
friction ¢=22° of the rock formation and cohesion C=2900 psf as shown in Figure
5f; bearing resistance has been reduced for settlement considerations. The
factored bearing resistance is based on the service limit state.

e Sliding may be resisted by friction between the rock and concrete, with a nominal
sliding resistance comprised of adhesion of 1,900 psf and a concrete-rock friction
angle of 15 degrees.

Preliminary design of the shallow foundation for the Indiana Abutment provides 2 feet of
cover over the top of the foundation concrete. The footing thickness is estimated to be
4 feet, so the foundation will bear about 6 feet below finished grade. This will provide
more than the minimum required frost protection of the bearing surface. The bearing
elevation shown on the Preliminary Design Plans is approximately Elevation 484.0 feet.
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7.6 MSE Retaining Structure, Indiana Abutment Wing Walls

Mechanically Stabilized Earth (MSE) retaining walls are planned for the abutment wing
walls. Each MSE abutment wing wall is about 60 feet long, with a maximum wall height
of about 37 feet.

The internal stability of MSE walls is typically made the responsibility of the wall vendor.
The MSE wall vendor will be required to perform the wall design using LRFD. Based on
the AASHTO LRFD specifications, and the subsurface conditions anticipated at the
Indiana abutment, the following design parameters may be used for the MSE wall under
LRFD:

e Effective stress friction angle of granular backfill = 32°, unit weight y = 125 pcf

e Internal backfill for MSE must conform to “Reinforced Fill Material” as specified in
Section 805 of the KYTC Standard Specifications for Road and Bridge
Construction.

e Factored bearing resistance on bedrock = 8,100 psf; this incorporates a
resistance factor of 0.45. Bearing resistance is based on only the angle of
internal friction $=22° of the rock formation, neglecting cohesion for conservative

calculation.

e Minimum strap length for MSE walls = greater of 8 feet or 0.7H where H = wall
height

e Sliding must be checked for sliding along the base of the reinforced fill, and
sliding along the foundation rock immediately below the reinforced fill. The

factored sliding resistance = 46,600 Ib/ft; this incorporates a resistance factor of
0.9 and the angle of friction ¢$=22° which is the lower of friction angles of
reinforced fill and foundation soil, conservatively neglecting the bedrock
cohesion.

An MSE wall external stability analysis, performed in LRFD, is included in Appendix H.
Design parameters were as described for the Indiana Abutment. Allowable bearing,
overturning, and sliding are checked and found to be adequate in accordance with the
above parameters, as summarized in Table 12 below. Global stability is adequate
based on the analysis performed for the abutment as discussed in Section 7.5 above.

Table 12. Summary of MSE Wall Analysis

Factored Resistance (psf) Factored Load (psf)

Bearing Capacity 8,100 7,800 (Strength 1b)

Sliding 46,600 (Strength 1a) 39,400 (Strength 1a)
Global Stability OK based on analysis for Indiana Abutment

* In the stability check against overturning, the maximum eccentricity (e) is 3.8 (Strength 1a) which is
smaller than e = 6.9.
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* Note: In the above analysis, 0.75H of strip length of MSE wall was used, which exceeds the required
minimum strip length of 0.7H. The slightly longer strip length of 0.75H was required in order to attain a
factored load less than the factored resistance in bearing capacity.

7.7 Fills and Embankments, Indiana Abutment

Approach embankments to the bridge are part of the work of Sections 4 and 6 and are
not included in this contract for Section 5. However, backfill of the Indiana abutment
and wing walls and construction of the reinforced concrete bridge approach slab is part
of the work of this contract under Section 5. Embankment fill side slopes in the area of
the retaining wall should be not steeper than 3 horizontal: 1 vertical (3H:1V).

Backfill of the retaining wall at the Indiana Abutment shall be performed in accordance
with 603.03.04 of the KYTC Standard Specifications, except that those areas which will
be beneath or within a proposed roadway embankment must be backfilled according to
Subsection 206.03.03 of the Standard Specifications.

Provisions for drainage should be included in the design of the cast-in-place concrete
abutment and the MSE wall. Both the abutment and the MSE wall should be backfilled
with material meeting KYTC Structure Backfill, a free-draining granular material, within a
45 degree zone behind the wall. The MSE wall is considered free-draining. For the
cast-in-place concrete abutment, a properly filtered perforated wall drain should be
provided on top of the foundation. The wall drain should discharge through properly
fillered drainage weepholes at the face of the cast-in-place retaining wall. If a single
weephole becomes clogged, redundancy is provided through the adjacent weepholes.
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8.0 CONSTRUCTION CONSIDERATIONS

This section outlines construction considerations for drilled shaft foundations, spread
footing foundations, backfill of the Indiana Abutment, and abutment wing walls. These
provisions should be incorporated into the construction specifications for the project.

The construction of the bridge foundation will be in accordance with KYTC Standard
Specifications.  This includes project elements located within the State of Indiana,
including the Indiana anchor pier and Indiana Abutment.

8.1 Dirilled Shaft Foundations

The drilled shaft foundations will be constructed with permanent steel casings to top of
rock, and with rock sockets advanced below the steel casings.

Selection of the method of construction is the responsibility of the contractor. However,
given the highly permeable sand and gravel soils, and the difficulty of seating the casing
into the limestone bedrock, it is unlikely that the contractor will be able to achieve a
watertight seal at the soil-bedrock interface. Therefore, it is anticipated that the wet
construction method will be necessary for construction of the drilled shafts.

It is anticipated that the contractor will advance the casing as the shaft is drilled, with
drilling conducted under a head of bentonite or polymer slurry to prevent heave of sands
into the casing. The contractor could also elect to vibrate or oscillate the casing into
place for all or a portion of its depth.

The soil borings note occasional cobbles, based on field observations during drilling, but
did not encounter evidence of potential obstructions which would impede excavation of
the drilled shafts. However, in glacial outwash formations, ice-rafted boulders are
occasionally present, and the contractor should be prepared to remove obstructions if
encountered.

When the casing is seated at top of rock, the rock socket will be advanced below the
casing. The use of rock augers will not be feasible in the moderately hard rock present
at this site. It is anticipated that the contractor will advance the rock socket using drilled
shaft rock core barrels, reverse circulation rock drills, or possibly down-the-hole
hammers. To achieve the design rock socket capacity, the socket surface must be
rough. The contractor should be required to construct a roughened shaft surface, by
attaching teeth to the coring device, or by other means acceptable to the engineer.

Before drilling the rock socket, rock coring should be performed at each drilled shaft
location where rock coring was not performed during the design phase of the project.
Alternatively, the rock cores can be performed prior to initiating shaft excavation. The
purpose of the rock coring is to verify the quality of the rock and to identify the presence
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and thickness of clay seams or voids within or below the design socket, to verify
compliance with the acceptance criteria established for the drilled shafts.

The bottom of the drilled shaft excavation must be flat; steps in the bearing surface, or a
sloping bearing surface, will not be acceptable. After construction of the rock socket
and acceptance of the bearing conditions by the engineer’s field representative, the
drilled shaft excavation must be thoroughly cleaned out. Cleanout may be performed
by a cleanout bucket, or other methods acceptable to the engineer. Final bottom
cleaning should be accomplished with the aid of an airlift. Soil or rock cuttings must not
be left in place at the bottom of the drilled shaft. At the time of concrete placement, a
minimum of 50 percent of the base of the shaft shall have less than ¥z inch of sediment,
and sediment on the base of the shaft shall not be greater than 1-1/2 inches anywhere
on the base of the shaft. The bottom of shaft conditions should be checked with an
underwater camera equipped with a sediment measurement gage, such as the Mini-
Shaft Inspection Device (Mini-SID) manufactured by GPE, Inc, Gainesville, FL.

Reinforcing steel and concrete must be placed within 36 hours of beginning of the
drilled shaft rock socket, to limit the potential for deterioration of the rock socket capacity
through slaking of shale.

In the wet method of construction, concrete is placed by tremie methods or pumping.
Concrete placement must be in accordance with Section 601of the KYTC Standard
Specifications. Concrete slump should be 6.5 to 9.5 inches for tremie placement and
not less than 4 inches for the full duration of concrete placement. Proper concrete
placement methods must be used to prevent mixing of slurry into the concrete. A plug
or valve is required to prevent contamination of the concrete in the tremie pipe or pump
discharge pipe. The pump or tremie discharge point must remain at least 10 feet below
top of concrete at all times during placement. Concrete placement must be continuous
without interruption.

Integrity testing of all drilled shafts will be required by crosshole sonic logging (CSL)
methods. Crosshole sonic logging uses water-filled access tubes installed on the
reinforcing steel cage. After the concrete has achieved its initial strength, a cable-
mounted ultrasonic signal transmitter and multiple cable-mounted receivers are placed
in the tubes, and testing is performed. The signal is sent from the transmitter tube and
travel time and amplitude are measured in the receiver tubes, with testing performed for
the full length of the shaft. Testing is performed between all pairs of adjacent tubes as
well as between opposite tubes in the shaft. Anomalies in the presence or strength of
the signal may represent potential defects in the drilled shaft concrete.

One CSL tube should be provided for each foot of shaft diameter. CSL testing will be
required at all shaft locations. If anomalies are observed in the CSL tests, and in the
opinion of the engineer these anomalies constitute potential defects in the shafts, then
the engineer may require additional CSL testing and/or coring of the drilled shafts to
investigate the anomalies. If defects are determined to exist, the engineer will review
the load carrying capacity of the drilled shaft and determine remedial measures, if
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required, which may include repair of the shaft defects and construction of replacement
shafts.

Tolerances for drilled shaft location and plumbness will be required to meet the
following criteria:

e Plan location (at top of shaft) +/- 3 inches

e Plumbness +/- ¥4 inch per foot of depth
e Top of shaft elevation + 3inch to -3 inches

e Top of reinforcing steel cage +6 inches to — 3 inches

For the tower piers, the drilled shafts will be constructed by barge-mounted drilled shaft
equipment. At anchor piers, barge-mounted equipment and/or a temporary trestle is
anticipated. As shown on Figure 2, at the Kentucky Anchor Pier, the northernmost
drilled shaft is located immediately adjacent to the bank, where water depth is
insufficient for barge-mounted equipment. Therefore, a temporary trestle may be used
at this location. The remaining two Kentucky Anchor Pier drilled shafts can be
constructed using barge-mounted equipment. At the Indiana Anchor Pier, the
southernmost drilled shaft location is on-shore, but is located on the bank of Upper
River Road, and a working platform will be needed to facilitate construction. The center
drilled shaft location is in a shallow-water area approximately 10 feet from edge of bank,
requiring a temporary trestle for construction. The northernmost drilled shaft location
can be installed by barge-mounted equipment. Water depth in this area is shallow, and
dredging could be needed for the barge access.

Where temporary trestles or working platforms are required, the contractor should be
required to submit shop drawings and calculations prepared by a professional engineer
registered in the Commonwealth of Kentucky or the State of Indiana, as applicable to
the location.

8.2 Drilled Shaft Load Testing

Considering the size and high load bearing capacity of the drilled shafts used for Piers 1
through 5, and the uncertainty regarding rock socket friction and end bearing resistance,
it is recommended that a load test program be performed at the start of construction to
verify the design rock socket lengths for the required load demand on these shafts. The
resistance factors used in the preliminary design analyses were based on the
implementation of a load test program.

The recommended test program includes Osterberg load cell tests at dedicated (non-
production) drilled shafts. A minimum of three load tests will be required, including one
at each of the main piers in the river, and one at the Kentucky transition pier (Pier 1).
Testing at the main piers is recommended considering the number of drilled shafts at
each of these locations, and the high load demand on these shafts. Testing is
recommended at Pier 1 because the load demand at the Pier 1 drilled shafts are
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considerably greater than at the anchor piers. Also, the rock bearing stratum there
contains numerous clay seams, not observed at the other foundation locations, that may
influence the available shaft friction and end bearing resistance.

The depths and locations of low SDI zones encountered in borings, as discussed in
Section 5.3.6 of this report, will be considered in finalizing the locations of the load tests.
At least one load test shaft will be located near a boring that had zones of low SDI
values. This will allow evaluation of the potential influence of degradation of the thin
(0.4 feet or less) low SDI zones during construction, to assess whether there is a
reduction to the shaft friction resistance.

In the Osterberg load test the Osterberg load cells would be positioned near the base of
the rock socket. During the test, the load cells are hydraulically activated to apply an
upward load to determine the friction resistance along the socket, and a downward load
on the socket base to determine the end bearing resistance. The position of the O-cells
and the length of the socket will be sized in an attempt to obtain both the nominal
friction and end bearing resistance values. However, the test will be limited to a load
equivalent to the nominal friction resistance, the nominal end bearing resistance, or the
maximum load capacity of the Osterberg load cells, whichever occurs first. During the
final design phase of the project, consideration will be given to testing a reduced
diameter rock socket to reduce the cost of the load test program and to better balance
the friction and end bearing resistance, if necessary. Whether or not reduced diameter
test shafts are used, the specifications will require the use of the same type of
excavation equipment and same shaft installation procedures that will be used for the
production shafts. Also, all test shafts will be instrumented to determine socket and
base displacement versus load, and to determine the unit friction resistance along the
length of the socket. CSL testing will be required in all of the test shafts to assess the
structural integrity of the completed shafts.

The initial test shaft on water and the test shaft on land will also serve as technique
shafts, for the contractor to demonstrate the proposed method of drilled shaft
construction.

For construction contract budget management, KYTC prefers to have additional drilled
shaft quantities in the budget, in the event that shaft lengths need to be increased
based on load test results. Therefore, at locations where the axial capacity governs the
design tip elevations, the project plans will show the tip elevations 5 feet lower than the
elevation determined based on the analyses. If load tests verify the drilled shaft
capacities at the design elevation, the load test results can then be used to shorten the
shafts relative to the plan quantities.

8.3 Spread Footing Foundations
Excavation and foundation preparation for the Indiana Abutment must be performed in

accordance with Section 603 of the KYTC Standard Specifications. Based on the auger
probes and rock core borings performed for the abutment, 6 to 8 feet of rock excavation
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is expected to be necessary for foundation construction. The rock should not be
expected to be rippable; controlled blasting or mechanical excavation will be necessary.
To limit overbreak and reduce the likelihood of fracturing rock outside the excavation
limits, pre-splitting should be required.

The abutment area is lightly developed, so controlled blasting is unlikely to pose a risk
of vibration damage to nearby structures or facilities. Vibration monitoring should be
performed at the closest structure or existing roadway. Specification limits may be
established based on the U.S. Bureau of Mines (USBM) R.I. 8507 criterion. The USBM
criterion specifies a maximum peak particle velocity (ppv) of 2 inches per second (ips) at
the ground line of the closest structure at frequencies of 40 Hz or greater, with lower
limits on ppv at lower frequencies. Blasting should be conducted in accordance with
federal, state and local regulations.

The bearing surface of the abutment foundation must be level or stepped with step
heights not exceeding 12 inches and an average slope of the stepped surface not
greater than 1.5 horizontal : 1 vertical (1.5H:1V). The integrity of the bearing surface
shall be checked visually, supplemented by probe holes extending to a depth of 10 feet
below the bearing surface, spaced not more than 50 feet on center. The probe holes
may be drilled with an airtrak drill, and should be checked for evidence of voids by the
use of a hooked rod.

Based on the SDI values for the shale at the Indiana Abutment, the rock here generally
is not considered durable. Therefore, after acceptance of the bearing surface by the
engineer’s field representative, the contractor should be required to place a minimum 3
inch thick lean concrete mud mat to protect the bearing surface.

Groundwater is not expected to be present within the excavation for the Indiana
abutment, but the contractor should be prepared to remove surface water and perched
water at the soil-bedrock interface.

Excavation must be performed in accordance with all applicable federal, state and local
standards, including OSHA 29CFR Part 1926 — Excavations. Excavation safety is the
responsibility of the contractor.

8.4 Backfill, Indiana Abutment Retaining Structure

Backfill at the Indiana Abutment and wing wall shall be performed in accordance with
603.03.04 of the KYTC Standard Specifications, except that those areas which will be
beneath or within a proposed roadway embankment must be backfilled according to
Subsection 206.03.03 of the Standard Specifications.

Where granular fill will be placed against undisturbed or fill materials comprised of clay,

a geotextile filter fabric should be provided. The purpose of the geotextile is to reduce
migration of fines into the granular medium.
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Care should be taken not to overcompact backfill behind retaining walls. Existing
surfaces to receive fill should be stripped and benched at an average slope not steeper
than 2 horizontal to 1 vertical (2H:1V), with step heights not greater than 1 foot.
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DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

PREPARED IN COOPERATION WITH THE COMMONWEALTH OF KENTUCKY
DEFARTMENT OF ECONOMIC DEVELOPMENT AND THE
KENTUCKY GEOLOGICAL SURVEY, UNIVERSITY OF KENTUCKY

HYDROLOGIC INVESTIGATIONS
ATLAS HA-22 (SHEET 3 OF.3)
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E # g ;ﬁ & E = LITHOLOGY TOPOGRAPHY HYDROLOGY
e
1218 B |EE| 8
5] = =
W wm |© = & @w
> e
< | &8
z | 82 Soil, clay, silt, and fine sand, 5 to 40 feet thick, overlying sand and gravel with clay lenses in the Ohio Flood plains and terraces, as much as 6 miles wide, Yields 200 to 500 gpm (gallons per minute) to most wells that penetrate the full thickness of alluvium
e | 828 ALLUVIUM | 0-130 River valley. Thin deposits of elay, silt, and fine sand with scattered deposits of gravel in tributary-stream in the Ohio River valley; broail flat areas in the valleys in the Ohio Valley; yields more than 1,000 gpm to large-diameter wells; yields 100 to 500 gpd to wells in
E QQ valleys. of the Salt River and large tributaries. tributary-stream valleys, and may yield more than 500 gpd where gravel is present. Water is hard.
=
< a4
fam) e
(=4
= SALEM 50
i IIMISTONT Tops of some of the high ridges and knobs in western
=] — Fine-grained siliceous and argillaceous limestone and shale with geodes and chert. Bullitt and southwestern Jefferson Counties, and broad, Yield 100 to 500 gpd to drilled wells on broad uplands, but almost no water on nartow ridges; yield water
& % ) fiat valeys it some pikses. to small springs in edges of escarpment. Water is hard but otherwise of good quality.
52
7 WARSAW
o] TONE
=] LIMES'
MULDRAUGH| 75- o= Hard bedded fine-grained siliceous limestone; argillaceous and erinvidal limestone; and caleareous and
o [FORMATION? 95 : e il siltstone with drab to black shale, small geodes, and bands and lenses of chert.
—
=] - =
z FLOYDS 1-9 Brown siliceous, oolitic, or crinoidal limestone capped by streak or layer of greenish-black glauconitie
of < KNOB silt or clay.
< 'ORMATION
v
= -
A a
=
| A
B -
-
L Argillateous silty shale with ealeium ¢arbonate concretions, grading upward to massive argillaceous
o = F%I;ODI‘,IFIJ&?? e shaly siltstone and occasional beds of imestone. Siliceous o crinoidal limestore at top in southern Bullitt
w MA' County. . TP
AR = Min part o the i e o, Yields 100 to 500 gpd to wells in valley bottoms; may yield more than 300 gpd where thick siltstone beds
- ‘;:r Y‘:’fm no’ e ’:" nz ‘]’ar :t Kiobs. The oeeur at and below stream lével; yields almost no water to wells on hills; yields water to small springs in the
-l wm [P Brodhead formatic o foreas eliets in the uoper limestone and siltstone beds. Water from the shale is soft; from the siltstone, hard; and from the limestone,
o ef‘ """‘k“’"b""‘?’ B n“;("“‘c . n The “gpe very hard. At shallow depths below stream level, water may contain salt, sulfate, or iron. The siltyshale
wm | % B i ondcties the lovar discosted and siltstone are favorable for dug wells, common in this area. Most dug wells yield less than 500 gpd and
7 Frovidence formasien underlies the Jawar aoocted many yield very littie or go dry in late summer and early fall.
o - lo slopes of the kno escarpmen
o
= |m
-
<l 2| =
=
(&)
-]
NEW 5- ill shalé or with caleareous and lenses and ferruginous lime-
- 175 A
PI(%)%/;IIBP%%IQ 206 = stone patches and lenses. Fine-grained sanilstone layers with interbedded shale at the top.
P
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4
S NEW g ’ . Broad, flat areas in southwest-central Jefferson and Yields 100 to 500 gpd.to shallow drilled wells in broad, flat areas, but almost no water to drilled wells
= | E % ALRANY | 002 ‘ Bluzk ﬁssnle] i}‘.imla;;;!;mu; c.;a;lbalnaeerosne shale, pyrite scattered throughout and in a layer at the central Bullitt Counties; gentle lower slopes of much on hillsides; yields water to small springs and dug wells. Water is hard and from depths greater than about
5 % = SHALE e, e severnl & ¢ and shale layers. of the Mississippian escarpment and the knobs. 50 feet may contain hydrogen sulfide and iron.
=
Z a
o
b
=
= a E SELLERSBURG Thick-bedded finely to coarsely erystalli ill g small black phosphatic Relling npland with. sinkholes and underground
Az LIMESTONE nodules in upper part. ;l;d':::'; o darthors n"‘:f‘f‘;"um Coumy o Drond Yield more than 500 gpd to drilled wells in broad, flat valleys or along streams on the.upland; yleld water
a2 FERSON- ! rugeld b ; to oprings. Water is hard,
= ‘vamLSgN Medium- to thick-bedded mudium-erystalline to coarsely erystalline limestone, siliccous and cherty in part. :;!:u'w'“d the south and is not present in Bullitt
& LIMESTONE nty.
Moderately rolling upland with some sinkholes and
LOUISVILLE| 45 underground drainage in south-central Jefferson and Yields more than 500 gpd to wells drilled in valley bottoms or along streams on broad uplands; yields as
. Thick-bedded fine-grained limestone, magnesian or siliceous in part. north-central Bullitt Counties; broad ridges in south- much as 50 gpm in places; yields water to springs at contact with underlying Waldron shale. ‘Water is hard
LIMESTONE | 100 central Oldham and northeastern Bullitt Counties. and may contain salt or hydrogen sulfide below stream level.
<Zf. Cliffs and ledges in valley sides.
=
&
o WALDRON
d SHALE A Green-gray nonfissile ealeareous magnesian siliceous shale. Slopes between limestone ledges on hillsides; erosion Yields almost no water to wells or springs. Holds up water in the overlying Louisville limestone and
) T i ing Louisville li prevents recharge to the underlying Laurel dolomite.
40+ Thin- to medium-bedded fine- to medium-grained - Yields 100 to 500 gpd to wells where it oceurs along streams, but almost no water to wells on hillsides;
DOLOMITE : Ledges and cliffs along streams. . N '
yields water to springs. Water is hard.
0SGOOD Coarse lumpy or fissile calcareous and magnesian shale with prominent fine-grained limestone beds at Slopes betwess Hniestoris fadgas Yields water to small springs from limestone beds.
FORMATION| - 30 bise and about 3 feet below top. pas e :
bl bt
BRASSFIELD - —
ix Medium-bedded pink to brown coarsely crystalline limestone. Ledges on slopes and tops of small ¢liffs of under- .
LIMESTONE i i
IMESTO! ying Saluda limestone. Yields water to springs. Water is hard.
SALUDA Thick-bedded sandy magnesian limestone in upper part, and coarse lumpy mudstone with thin beds of 3 - N
LIMESTONE Bluish-gray f inad 1 at base. Cliffs along streams and ledges in hillsides; tops of Yields 100 to 500 gpd to wells in valley bottoms and on broad ridges, but almest no water to wells on
some low, flat ridges. hillsides; yields water to small springs. Water is hard.
Fégﬁg{g}{ Coarse bluish-gray shale with thin layers of bluish-gray fine-grained limestone.
Z
<
Z = P
< E a W%}'&’%S Thigk-bedded green 1 limestone with shale partings, and 10-foot bed of green
g 3 g LIMESTONE shale in lower part. Moderately dissected upland areas; moderately steep
g a2 = slopes where shale predominates and less steep slopes . . L B .
B> £ g where limestone prodominates. Steep slopes along Yield 100 to 500 gpd to wells in large stream valleys, and more where thick limestone is present; yield
8 Q 2 \ streams and cliffs, in places. Solutional features almost no water to wells on hillsides and ridges; yield water to small springs. Water is hard.
= g = evident where thick limestone beds underlie streams.
(=} I
[
P Fggﬂgﬁg}[ Thin alternating layers of blue lumpy or rubbly, loeally erosshedded, argillaceous limestone and clay shale.
v
fa= MC MILLAN | 20
=
= i i . . Yi 500 i
;; FORMATION | EXP. Argillaceous limestone and shale. Stream valleys on east edge of area. ields 100 to epd. Water is hard.

1 As used by Stockdale (1939). © Of Stockdale (1380).

INTERIOR-GEGLOGICAL SURVEY. WASHINGTON. D. C.-1880 MR 3888

GENERALIZED COLUMNAR SECTION AND WATER-BEARING CHARACTER OF THE ROCKS IN BULLITT, JEFFERSON,
AND OLDHAM COUNTIES, KENTUCKY (COUNTY GROUP 22)
By

W. N. Palmquist, Jr., and F. R. Hall

HYDROLOGIC INVESTIGATIONS
ATI.AS HA-22 (SHEET 3 OF 3\
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Bofing Profiles
AMTIR008

GENERAL SOIL AND BEDROCK PROFILE LEGEND SHEET

I-265 Bridge over the Ohio River

SUMMARY OF PARAMETERS DEVELOPED FOR SOIL PROFILES

Parameter Units Description

" b/At®  Total Unit Weight'

Yo Ib/ft® Effective Unit Weight'

Qu Ib/t? Uniaxial Compressive Strength (soil)

du ton/ft®  Uniaxial Compressive Strength (rock)

Cu Ib/ft? Undrained Shear Strength
sSDI Yo Siake Durability Index {Shale only)

Iy (" Angle of Internat Friction™?

Kg Ib/in® Soil Secant Modulus - Static (somputer program LPILEP™Y®4.0)
Ko lo/in® Soil Secant Modulus - Cyclic (oompu.ter program LPILEM54.0)
Do mm Particle Diameter Corresponding to 50% Finer

Dss mm Particle Diameter Corresponding to 95% Finer

1

Values are averages for the horizon where more than one Standard Penetration Test {SPT) was performed.

? Values of v, are capped at a maximum of 133 Ib/it® for soil,

3

Values of ¢ are oapped at a maximum of 38° for solf,

Figure 5a



Boring Profiles
12027/2007

GENERAL SOIL AND BEDROCK PROFILE

[-265 Over Ohio River
Pier1-STA 187+40, CL
Borings AC-1, 2, 3

Description
Approximate STRATA
Elevation Depth
{ft) (ft) Description Parameters
(USCS Classification)
434.0 0.0
Lean Clay v (b = 124 Ks (Ib/in®) = 100
418.3 15.7 €L Ye (b/ft%) = 59 Dso(mm) = 0.03
= qu (b/ft?) = 1784 Des(mm) = 0.19
Cy (/) = 892
409.0 25.0
Sand with Silt Ye (Ib/f%) = 55 Dso(mm) = 0.90
(SM, SW-SM, ¢ =325 Dgs(mm) = 20
and SP-SM) L,
Ks (Ib/in™) = 80
379.0 55,0
Sand Yo (/%) = 64 Dso(mm) = (.76
(SW-SM, SW ¢' ) = 34.8 Dgs(mm) = 8,00
and SP-3M) 3
‘ Kg (Ibfin™) = 60
334.0 100.0 Top of Rock
Limestone(60%}) interbedded with Shale(40%). Limestone is gray, fine
grained, thin bedded and argillaceous. Shale is gray, silty, and calcareous.
n b/ = 185
SDI (%) = 80
qulton/ft?) = 411
¢ (Ib/in®) = 300
¢' () =280
283.1 150.9 '

Figure 5b



Borng Profilas
1202712067

GENERAL SOIL AND BEDROCK PROFILE

|-265 Over Ohio River
Pier 2 -STA 189+65.5, CL
Borings AC-4, 5, B-1

Descripticn
Approximate STRATA
Elevation Depth ‘
{it) (fty Description Parameters
{USCS Description)
428.9 0.0
Sandy Lean Clay n (bt = 121 Dsg{mm) = 0,060
(cL) Ks (bfin®) = 30 Dgs(mm) = 0.37
423.9 5.0
4208 81 g SandwithSit n(bl/ft®) = 107 Deofrnm) = 0.11
=(8M) ¥o GBAT) = 45 Des(mm) = 0.85
$'() =280
Ks (ibAin®) = 25 (Above Water Table)
Ks(bAin®) =20 . (Below Water Table)
4009 19.0
Sand te (Y = 68 Dao(mm) = 1.6
(BW, BW-SM) ) =352 Dgs{mm) = 19
Ks {Ibfin™ = 60
379.9 49.0
Sand with gravel Te (b/t)* = 65 Dso{mm) = 2.4
(SW-SM, SP, SP- ¢ ) = 356 Dgs(mm) = 18
SM, GP-GM, ) .
Ks (ibin"y = 60
3349 94.0 Top of Rock )
Limestone (55%) interbedded with Shale(45%). Limestone is gray, fine grained,
thin bedded, argillaceous and fossiliferous. Shale is gray, siity, laminated to thin
bedded, calcareous and fossiliferous,
~ n(bfft%) = 165
SD} (%) = 73
qultonfft’) = 563
¢ (ibin®) = 300
o (%) = 28.0
2B2.6 146.3
Shaje (70%) interbedded with Limestone {30%). . Shale is gray, fine grained, thin
bedded, silty, calcareous, fossififerous. Limestone is gray, microcrystalline to fine
grained, thin bedded, argillaceous, fossiliferous.
(b)) = 160
¢ (Ibfin®) = 300
$' () = 280
2759 153.0

Figure 5¢



Boring Frofiles
202772007

GENERAL SOIL AND BEDROCK PROFILE

1-265 Over Chio River
Pier 3 - STA 193+77.5, CL
Borings AC-6,7, 8,9, B-2

Description
Approximate STRATA

Elevation Depth &
(ft) (ft) Description Parameters

(USCS Description)
4194 0.0 :

2.
— \Water - Ohio
River
3794 40.0 )
Sand Ye (D)™ = 66 Dso(mm) = 0.98
(SW-SM, SP, ¢ (") =345 Dgs(mm) = 17
SW) Ks (Ibfin”) = 60
3654 54.0
Sand ve (D) = 67 Dso(mm) = 0.62
(SP-SM, SW- ¢ () =36.9 Dgs(mm) = 18
SM) Ks (Ibin”) = 60
354.4 65.0
Gravel Te UBIEY = 71 Dso(mmy = 11
(GW, GW-GM) ¢ () =380 Des(mm) = 30
Ks (Ibin®) = 125
3394 80.0
Sand Ye UBEY" = 69 Dso{mmy = 1.3
(SP-SM, SM) ¢ () =380 Dos(mm) = 19
Ks (Ibin%) = 125
332.0 87.4 Top of Rock
Limestone (60%) interbedded with Shale (40%). Limestone Is gray,
microcrystalline to fine grained, thin bedded, fossiliferous and argillaceous.
Shale is gray, silty, laminated to thin bedded, calcareous, fossiliferous,
v (b = 164
SDI (%) = 67
qulton/f) = 647
¢ (IbAin?) =300
¢ () =280
278.6 140.8

Figure 5d



Boring Profiles
12272007

GENERAL SOIL AND BEDROCK PROFILE

1-265 Over Ohio River
Pier 4 - STA 206+12.5, CL
Borings AC-10,11, 12,13, B-3

Description
Approximate STRATA
Elevation Depth
() {ft) Description Parameters
(USCS Description)
418.8 0.0 7
= Water- Ohio
River
378.8 40.0
Gravel Yo (b)Y = 71 Dgo(mm) = 9.1
(GW, GP) ¢ () =355 Dgs(mm) = 27
Ks (Ib/in® = 20
359.8 59.0
Sand 1o (ID/Y* = 68 Dso(mm) = 2.4
(SP-SM, SW- ¥ () =37.0 Dgs(mm) = 18
SM, SP) a
Ks (Ib/in") = 125
343.8 75.0
Gravel Yo (DA% = 71 Dso(mm) = 3.9
(GP-GM, GM) 9 () =380 Dgs(mm) = 23
Ks (Ibfin®) = 125
336.2 82.6 Top of Rock
Limestone (60%) interbedded with Shale (40%). Limestone is gray,
microcrystalline to fine grained, thin, wavy to nodular bedded, fossiliferous,
and argillaceous. Shale is gray, silty, laminated to thin bedded, calcareous,
and fossiliferous,
1 (b/t%) = 165
SDI (%) = 74
qulton/ft’) = 550
c (Ib/in®) = 300
¢ () = 28.0
282.8 136.0

Figure 5e



Boring Piofies
AT

GENERAL SOIL AND BEDROCK PROFILE

265 Over Ohio River
Pier 5 - STA 210424.5, CL
Berings AG-i4, AG-15, B4

AC-14
Description
Approximate STRATA
Elevafion Depth
[{j#] {fty Descripfion Parameters
{UBCS Description)
4360 00
{AC-14) Sandy
Lean Glay RO = 120 Ke(An) = 100
{cLy qu{bAf} = 2000 Ogfmm) = 0.011
Gy (bt = 4006 Daslmm) = 4,00
AC-15
4239 12,1 Topof Rogk Description
{AQ14) Limestone, grey. medium grained, thin bedded to Approximate Strata
maedium bedded.
Elevation  Depin
Ta(’b-'“:) = 164 {fy ity Deseriplion Paramelers
qftervit’} = 600 {USCS Description)
¢ oA’y = 10 418.4 0.0 ) 1%
¢ = 200 Water - Ohlo River =
417.0 12.0
{AC-14} Limesions (60%) interbedded with Shale (40%). 4152 42
Limestone is gray. fine to medium gralned, very thin to . e
medium wavy bedded. Shale is gray, sity Sandy Sitt with Grawel
(ML}
YAty = 164 1 (DAT)= ag Dygfmm) = 0,26
SDI(%) = 86 : §OF 295 Dag{mm) = 10
gilonit} = 650 Ke {loiny= 20
& (A% = 150
¢#{") =270
407.0 280 408.4 10
{AC-14) Shale. gray to red, very thin Poarty graded gravel
bedded to inin bedded. sity with siit and sanc
(GP-GM)
BT = 146 1 (A T Dggfmm) = 7.1
SDI{%) = 0 ¢4 30 Dysfrim) = 27
gitendt) = 13 Ks {DAn)= 135
b’y = 5
#{" = 20.0
404.0 32.0
(AC-14} Limestone. fight gray. fine
greined, thin bedded, shale stringers,
streaks, and partings
nibAt) = 166
o{torvit?) = 988
 (bin®y = 150
§( = 30
384.2 418
{AC-1d) Dolomite Limestone. greenish
gray. fine, tin bedded
n{bA) = 168
g,{tordif) = 600
¢ (bAn®) = 150
#{9 = 320
382.0 44.0 392.0 274 Top of Rogk
Limestone {30% - 60%) interbedded with Shale {40% - 70%). Limesione is gray, fine o medium crystafine grained, very thin to
medium nodularly bedded, fossilferous, Shale is gray, sitty. laminated, calcareous, fossiiferous,
wibAt) = 168
SDi (%) = 97
adtonit) = 782
c {BAn' = 100
¢ = 25.0
342.0 94.0

Figure 5f



GENERAL SOIL AND BEDRCCK PROFILE

[-265 Over Ohio River
Indiana Abutinent

AC- 20, 23, 26
_ Description
Approximate STRATA
Elevation Depth
(ft) {ft} Description Parameters
(USCS Description)
494.4 0.0
Gravel Y (b/ft) = 133 Dso(mm) = 2.2
(GC) ¢ () =380 Dos(mm) = 21
Kg (Ibfin® = 225
490.8 36 Top of Rock
Limestone, gray, fine grained, very thick bedded, close fracture spacing,
Clay fills some fractures.
¥ (i) = 165
quitorvit’) = 732
¢ (bfin®) = 10
¢ () =200
474.2 20,2
Shale, dark gray and tan, very thick bedded, close fracture spacing
(i) = 160
SDF (%) = 74
qulton/it’) = 89
¢ {ibfin®) = 20
¢ () =220
459.2 352 _
Limesione, gray and tan, fine grained, medium bedded to very thick
bedded, close fracture zones, with some zones dolomitic
4228 716
Shale, dark gray, medium bedded
420.5 73.9
Limestone, light gray, medium bedded, close fracture spacing
419.1 75.3

Figure 59
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Figure 7a

Drilled Shaft Resistance vs. Socket Length, Pier 1, 7.5-foot Diameter Socket
Compressive Resistance vs. Socket Length

1.6-10*
1410
1.2.10°

1-10

8000

Resistance - kip

6000

4000

2000

0 5 10 15 20 25 30

Socket Length - ft

— Factored Total Compressive Resistance - Kip
----- Factored Shaft Tip Resistance - kip
---- Factored Shaft Side Resistance - Kip

Socket Diameter Dg = 7.5ft

Nominal Skin Friction Qg = 165.7 psi Resistance Factor dgs = 0-7
Nominal End Bearing qp = 37.6tsf Resistance Factor dgp = 07
Note:

Calculated capacities for varying socket lengths are shown. In accordance with KYTC practice
for rock-socketed caissons, the minimum socket length shall be 1.5 times the socket diameter,
i.e., for a 7.5 foot diameter socket, a minimum socket length of 11.25 feet is required.



Figure 7b

Drilled Shaft Resistance vs. Socket Length, Pier 1, 7.5-foot Diameter Socket
Compressive Resistance vs. Socket Length - Extreme Limit States

25.10"

2-10

1.5-10*

1-10

Resistance - kip

5000

0 5 10 15 20 25 30

Socket Length - ft

— Factored Total Compressive Resistance - kip
----- Factored Shaft Tip Resistance - kip
---- Factored Shaft Side Resistance - kip

Socket Diameter Dg = 7.5ft

Nominal Skin Friction Qg = 165.7 psi Resistance Factor dgs = 1.0
Nominal End Bearing qp = 37.6tsf Resistance Factor dgp = 1.0
Note:

Calculated capacities for varying socket lengths are shown. In accordance with KYTC practice
for rock-socketed caissons, the minimum socket length shall be 1.5 times the socket diameter,
i.e., for a 7.5 foot diameter socket, a minimum socket length of 11.25 feet is required.



Figure 7c

Drilled Shaft Resistance vs. Socket Length, Pier 1, 7.5-foot Diameter Socket
Uplift Resistance vs. Socket Length

1210
1-10*

o

= 8000
@
(]
c
(3]

D 6000
‘D
[<5]
12
E

= 4000
)

2000

0

0 5 10 15 20 25 30
Socket Length - ft
— Factored Uplift Resistance - kip
Socket Diameter Dy = 7.5ft
Nominal Uplift Resistance Qg = 165.7 psi Weight of Shaft Yeone — Yw = 87.6 pcf

Resistance Factor =0.6

¢up
Note:
Calculated capacities for varying socket lengths are shown. In accordance with KYTC practice

for rock-socketed caissons, the minimum socket length shall be 1.5 times the socket diameter,
i.e., for a 7.5 foot diameter socket, a minimum socket length of 11.25 feet is required.



Figure 7d

Drilled Shaft Resistance vs. Socket Length, Pier 1, 7.5-foot Diameter Socket
Uplift Resistance vs. Socket Length - Extreme Limit States

1.4-10*

1.2-10*

1-10

8000

6000

Uplift Resistance - kip

4000

2000
0 5 10 15 20 25 30

Socket Length - ft
— Factored Uplift Resistance - kip

Socket Diameter Dg = 7.5ft
Nominal Uplift Resistance g = 165.7 psi Weight of Shaft Yeone — Yw = 87.6 pcf

Resistance Factor =0.8

Note:

Calculated capacities for varying socket lengths are shown. In accordance with KYTC practice
for rock-socketed caissons, the minimum socket length shall be 1.5 times the socket diameter,
i.e., for a 7.5 foot diameter socket, a minimum socket length of 11.25 feet is required.



Figure 8a

Drilled Shaft Resistance vs. Socket Length, Piers 2 through 5, 7.5-foot Diameter Socket
Compressive Resistance vs. Socket Length

2-10
15-10"
Qo
S
[<B]
e 110
i
(%2)
‘D
(5]
4
5000
0
0 5 10 15 20 25 30
Socket Length - ft
— Factored Total Compressive Resistance - Kip
----- Factored Shaft Tip Resistance - kip
---- Factored Shaft Side Resistance - Kip
Socket Diameter Dy = 7.5ft
Nominal Skin Friction dgp = 119.8psi top 10 ft of rock
dgp = 191.7 psi below 10 ft
Resistance Factor dgs = 0.7
Nominal End Bearing Op1 = 34.7 tsf top 10 ft of rock
Opp = 71.7tsf below 10 ft

Resistance Factor =07

dqp
Note:

Calculated capacities for varying socket lengths are shown. In accordance with KYTC practice
for rock-socketed caissons, the minimum socket length shall be 1.5 times the socket diameter,
i.e., for a 7.5 foot diameter socket, a minimum socket length of 11.25 feet is required.



Figure 8b

Drilled Shaft Resistance vs. Socket Length, Piers 2 through 5, 7.5-foot Diameter Socket
Compressive Resistance vs. Socket Length - Extreme Limit States

2.5-10"
210"
Qo
< 150
[<B]
(&S]
c
o
% 1-10*
@
5000
0
0 5 10 15 20 25 30
Socket Length - ft
— Factored Total Compressive Resistance - kip
----- Factored Shaft Tip Resistance - kip
---- Factored Shaft Side Resistance - kip
Socket Diameter Dy = 7.5ft
Nominal Skin Friction Qg7 = 119.8 psi top 10 ft of rock
dgp = 191.7 psi below 10 ft
Resistance Factor dgs = 1
Nominal End Bearing Op1 = 34.7 tsf top 10 ft of rock
Op2 = 71.7 tsf below 10 ft
Resistance Factor dgp =1
Note:

Calculated capacities for varying socket lengths are shown. In accordance with KYTC practice
for rock-socketed caissons, the minimum socket length shall be 1.5 times the socket diameter,
i.e., for a 7.5 foot diameter socket, a minimum socket length of 11.25 feet is required.



Figure 8c

Drilled Shaft Resistance vs. Socket Length, Piers 2 through 5, 7.5-foot Diameter Socket
Uplift Resistance vs. Socket Length

12.10°
110"

o
= 8000
@
(&
c
<
@ 6000
7
(]
o
E
= 4000
o)

2000

0
0 5 10 15 20 25 30
Socket Length - ft
— Factored Uplift Resistance - kip
Socket Diameter Dy = 7.5ft
Nominal Uplift Resistance Qgq = 119.8 psi top 10 ft of rock
dgp = 191.7 psi below 10 ft

Weight of Shaft Yeone — Yw = 87.6 pcf
Resistance Factor dyp = 0-6

Note:

Calculated capacities for varying socket lengths are shown. In accordance with KYTC practice
for rock-socketed caissons, the minimum socket length shall be 1.5 times the socket diameter,
i.e., for a 7.5 foot diameter socket, a minimum socket length of 11.25 feet is required.



Figure 8d

Drilled Shaft Resistance vs. Socket Length, Piers 2 through 5, 7.5-foot Diameter Socket
Uplift Resistance vs. Socket Length - Extreme Limit States

1.4.10"
1.2-10*
4
o 1-10
~
3
o 8000
<
D
3
& 6000
E
=3
) 4000
2000
0
0 5 10 15 20 25 30
Socket Length - ft
— Factored Uplift Resistance - kip
Socket Diameter Dg = 7.5ft
Nomlnal Uplift dg1 = 119.8 psi top 10 ft of rock
Resistance
dgp = 191.7 psi below 10 ft
Weight of Shaft Yeone — Yw = 87.6 pcf
Resistance Factor ¢up =038

Note:

Calculated capacities for varying socket lengths are shown. In accordance with KYTC practice
for rock-socketed caissons, the minimum socket length shall be 1.5 times the socket diameter,
i.e., for a 7.5 foot diameter socket, a minimum socket length of 11.25 feet is required.



Figure 9a

Drilled Shaft Resistance vs. Socket Length, Pier 1, 8-foot Diameter Socket
Compressive Resistance vs. Socket Length

1.6-10%

1.4-10*

1.2-10*

1-10

8000

Resistance - kip

6000

4000

2000
0 10 15 20 25 30

Socket Length - ft

— Factored Total Compressive Resistance - kip
----- Factored Shaft Tip Resistance - kip
---- Factored Shaft Side Resistance - kip

Socket Diameter Dg = 8 ft

g = 165.7 psi

Nominal Skin Friction Resistance Factor ¢qs =07

Nominal End Bearing qp = 37.6tsf Resistance Factor =07

dqp
Note:

Calculated capacities for varying socket lengths are shown. In accordance with KYTC practice
for rock-socketed caissons, the minimum socket length shall be 1.5 times the socket diameter,
i.e., for an 8 foot diameter socket, a minimum socket length of 12 feet is required.



Figure 9b

Drilled Shaft Resistance vs. Socket Length, Pier 1, 8-foot Diameter Socket
Compressive Resistance vs. Socket Length - Extreme Limit States

25.10"

2-10

1.5-10*

1-10

Resistance - kip

5000 -~

0 5 10 15 20 25 30

Socket Length - ft

— Factored Total Compressive Resistance - Kip
----- Factored Shaft Tip Resistance - kip
---- Factored Shaft Side Resistance - Kip

Socket Diameter Dg = 8 ft

Nominal Skin Friction Qg = 165.7 psi Resistance Factor dgs = 1.0
Nominal End Bearing Up = 37.6tsf Resistance Factor dgp = 1.0
Note:

Calculated capacities for varying socket lengths are shown. In accordance with KYTC practice
for rock-socketed caissons, the minimum socket length shall be 1.5 times the socket diameter,
i.e., for an 8 foot diameter socket, a minimum socket length of 12 feet is required.



Figure 9c

Drilled Shaft Resistance vs. Socket Length, Pier 1, 8-foot Diameter Socket
Uplift Resistance vs. Socket Length

1210
1-10*
o
= 8000
@
(]
c
(3]
D 6000
‘D
[<5]
12
E
= 4000
)
2000
0
0 5 10 15 20 25 30
Socket Length - ft
— Factored Uplift Resistance - kip
Socket Diameter Dg = 8ft
Nominal Uplift Resistance Qg = 165.7 psi Weight of Shaft  y. .. - v,, = 87.6 pcf

Resistance Factor =0.6

¢up
Note:
Calculated capacities for varying socket lengths are shown. In accordance with KYTC practice

for rock-socketed caissons, the minimum socket length shall be 1.5 times the socket diameter,
i.e., for an 8 foot diameter socket, a minimum socket length of 12 feet is required.



Figure 9d

Drilled Shaft Resistance vs. Socket Length, Pier 1, 8-foot Diameter Socket
Uplift Resistance vs. Socket Length - Extreme Limit States

1.6-10%

1.4-10*

1.2-10*

1-10

8000

Uplift Resistance - kip

6000

4000

2000
0 5 10 15 20 25 30

Socket Length - ft
— Factored Uplift Resistance - kip

Socket Diameter Dy=8 ft

Nominal Uplift Resistance Qg = 165.7 psi Weight of Shaft Yeone — Yw = 87.6 pcf

resistance factor =0.8

¢up

Note:

Calculated capacities for varying socket lengths are shown. In accordance with KYTC practice
for rock-socketed caissons, the minimum socket length shall be 1.5 times the socket diameter,
i.e., for an 8 foot diameter socket, a minimum socket length of 12 feet is required.



Figure 10a

Drilled Shaft Resistance vs. Socket Length, Piers 2 through 5, 8-foot Diameter Socket
Compressive Resistance vs. Socket Length

2-10
15-10"
Qo
S
[<B]
e 110
(O]
k%]
‘D
(5]
4
5000
0
0 5 10 15 20 25 30
Socket Length - ft
— Factored Total Compressive Resistance - Kip
----- Factored Shaft Tip Resistance - kip
---- Factored Shaft Side Resistance - Kip
Socket Diameter Dg = 8ft
Nominal Skin Friction dsy = 119.8psi top 10 ft of rock
dgp = 191.7 psi below 10 ft
Resistance Factor dgs = 0.7
Nominal End Bearing Op1 = 34.7 tsf top 10 ft of rock
Opp = 71.7tsf below 10 ft

Resistance Factor =07

dqp
Note:

Calculated capacities for varying socket lengths are shown. In accordance with KYTC practice
for rock-socketed caissons, the minimum socket length shall be 1.5 times the socket diameter,
i.e., for an 8 foot diameter socket, a minimum socket length of 12 feet is required.



Figure 10b

Drilled Shaft Resistance vs. Socket Length, Piers 2 through 5, 8-foot Diameter Socket
Compressive Resistance vs. Socket Length - Extreme Limit States

4

3-10
2510
210"
Qo
S
[<B]
2 1510
©
k%]
‘D
(5]
140t
5000 - -
Rd e*”
A
0
0 5 10 15 20 25 30
Socket Length - ft
— Factored Total Compressive Resistance - kip
----- Factored Shaft Tip Resistance - kip
---- Factored Shaft Side Resistance - kip
Socket Diameter Dg = 8ft
Nominal Skin Friction dsy = 1198 psi top 10 ft of rock
dgp = 191.7 psi below 10 ft
Resistance Factor dgs = 1.0
Nominal End Bearing Qpy = 34.7tsf top 10 ft of rock

p2 = 71.7 tsf below 10 ft

Resistance Factor =1.0

dqp
Note:

Calculated capacities for varying socket lengths are shown. In accordance with KYTC practice
for rock-socketed caissons, the minimum socket length shall be 1.5 times the socket diameter,
i.e., for an 8 foot diameter socket, a minimum socket length of 12 feet is required.



Figure 10c

Drilled Shaft Resistance vs. Socket Length, Piers 2 through 5, 8-foot Diameter Socket
Uplift Resistance vs. Socket Length

1.2-10*
1-10*

o
= 8000
©
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c
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o
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= 4000
)

2000

0
0 5 10 15 20 25 30
Socket Length - ft
— Factored Uplift Resistance - kip
Socket Diameter Dy = 8ft
Nominal Uplift Resistance Qg7 = 119.8 psi top 10 ft of rock
dgp = 191.7 psi below 10 ft

Weight of Shaft Ycone ~ Yw = 87.6pcf
Resistance Factor byp =06
Note:

Calculated capacities for varying socket lengths are shown. In accordance with KYTC practice
for rock-socketed caissons, the minimum socket length shall be 1.5 times the socket diameter,
i.e., for an 8 foot diameter socket, a minimum socket length of 12 feet is required.



Figure 10d

Drilled Shaft Resistance vs. Socket Length, Piers 2 through 5, 8-foot Diameter Socket
Uplift Resistance vs. Socket Length - Extreme Limit States

1.6-10"
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~
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2000
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Socket Length - ft
— Factored Uplift Resistance - kip
Socket Diameter Dy = 8ft
Nominal Uplift Resistance dg1 = 119.8 psi top 10 ft of rock
dgp = 191.7 psi below 10 ft
Weight of Shaft Yeone — Yw = 87.6 pcf
Resistance Factor ¢up =0.8

Note:

Calculated capacities for varying socket lengths are shown. In accordance with KYTC practice
for rock-socketed caissons, the minimum socket length shall be 1.5 times the socket diameter,
i.e., for an 8 foot diameter socket, a minimum socket length of 12 feet is required.
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AASHTO Classification of Soils and Soil-Aggregate Mixtures

nerol Clossificotion Gronulor Moterials Sil+-Cloy Moteriols
[Coneral Ciassificar 5% or lass possing 0.075 mm (More thon 357 passing 0.0T5 mm
A A2 At
l6rovp a3 aa | as | e [
o | atp a2-a | a2s | a2s | w27 A7
[Sieve analyses, parcent
lPossing
2,00 m (ho. 10) T T D e B R e RS I S
0,425 mm (N, 401 30 mox [ 50 mox [ stmin | - | o | o [ - - - -
0.075 mm_ho. 2000 15 mox | 26 mox [ 10 mox | 35 mox | 35 mox | 35 mox [ 35 max | 36 min | 36 min | 36 min | 36 min
(chor acteristics of Fraction
lPassing 0.425 mm o,
Liquid Limit = |40 max| #1min |40 mox | wrmin [ 40 mox | 41min [40 mox | 41min
Plasticity Index 6 mox N.P. | 10 mox | 10 max | wmin [ umin |10 mox |10 mox | wmin | wmin

Unified Soil Classifications

MAJOR DIVISIONS SYMBOL NavE
Wel-gradad grovels or grovel-sand mixtures.
iit41 or no fines.
] Poorty graded gravels or grovel-sand mixtures.
GRAVEL . ikl o no fines.
GRAVELLY
solLs o
Sity oravels. arovel-sand-silt mixtures.
oc Clayey arovels. gravel-sand-ciay mixturas.
CoaRsE ey o o Y
GRAINED
soiLs Well-groded sands or gravelly sonds.
iittie o no fines.
H
Poorly graded sonds or grovelly sands.
a0 littie o no fines.
a L
SanoY
soiLs su Sity sonds, sond-siit mixtures.
sc Clayey sands, sond-clay mixtures.
S Inorgonic S5 and very fine sands, rock flour,
N s "8 | | | | siity or clayey fine sands or clayey siits
g o with siight plasticity.
< LL is Inorganic clays of low to medium plasticity,
LESS o oravelly clays, sandy cloys. siity cloys.
FINE THAN 50 oo cloye.
GRAINED
solLs siLs Inorganic silts. micaceous or diatomaseous
AN fine sandy or silty sols, elastic silts.
cLavs
LIS
GREATER
GREATER Inorganic clays of hian plosticity. fat cloys.
Non-classified material i.s. overburden, pave-
UNCLASSIFIED MATERIAL ment. sl0g, otc.) Include visud description.

Xz00525/525L00. 000

GEOTECHNICAL SYMBOL SHEET

Al Activity Index
LI Liquidity Index
S+C Silt + Clay (4 finer than No. 200 Sieve)

Rockline Soundings

Disturbed Sample Boring

Undisturbed Sample Boring

Undisturbed Sample Boring & Rock Core
Rock Core

Open Face Log

S sicar applicotionss (-G @@
Observation Well

Approximate Footing Elevation
¥ (Date)Water Elevation

;g O 0e®0%0

VS (psf) Field Vane Shear Strength
[ ] Thin-walled Tube Sample
< Standard Penetration Test Sample
N Penetration Resistance
Qu (psf) Unconfined Compressive Strength
UU (psf) Unconsolidated Undrained Triaxial Strength
wi(Z) Moisture Content
KY RQD Rock Quality Designation (Kentucky Method)
STD RQD Rock Quality Designation (Standard Method)
SDI (JS) Slake Durability Index (Jar Slake Test)
REC Core Recovery
¢ Angle of Internal Friction (Total Stress)
K3 Angle of Internal Friction (Effective Stress)
c (psf) Cohesion (Total Stress)
T (psf) Cohesion (Effective Stress)
Y (psf) Total Unit Weight
RDZ Rock Disintegration Zone
0B Overburden Bench
B Intermediate Bench

R Refusal
NR Refusal Not Encountered

LIMESTONE

SANDSTONE

DURABLE SHALE
(SDI > 95)

NONDURABLE SHALE
(SDI < 95)

COAL

7| TALUS,

- o 2| MINE WASTE,
.50 FILL MATERIAL,
5

~.o BOULDERS, & ETC.

GRANULAR
EMBANKMENT

STRUCTURE
GRANULAR
BACKFILL

° Ol SLOPE PROTECTION

SUBSURFACE DATA
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INSET A
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LX2005125/5125LAY0.DGN

STA. 206+12.50 |
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SCALE: 1" = 100

ITEM NUMBER
SHEET G2 OF G18 5-118.00 Mﬂ
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I Pler |
(APPROXIMATE ROADWAY GRADE = 510.59
Hole No. AC-1 AC-2
Station \B7+\B 6 187+428.4
0f fset 44.6' 13.5'Lt.
Elev. 434, w a34.
(Sea level
tum)
Das Dso Qu wZ LD Do Dso qu w7 LD
I wwm esh
430 0.080 0.009 3140 19 0.00 A-T7-8(29), CL, S+C=94(67+27) 430
0.080 0.008 2820 19 A-7-6(28), CL, S+C=95(66+29)
420 0.026 0.017 1160 23 0.40 A-6(14), CL, S+ 0(55+25) 420
0.33 0.075 N=2, S+C=5!
4‘0 0.32  0.050 , A-4(1), CL-ML, S+C=59(44+15) 0.32 0.055 280 24 1.00 |HE| A-6(3), CL, S+C=56(39+T) 410
N=5 =2
23 0.12 { ]’A’G(U, SC, 5+C=42(30+12)
N=11 =
400 e o A-1-b(0), SM, S+C=13(3+4) 400
N=23
N=9 N=1I
390 8 1.6 A-I-b(D, SW-SM, S+C=5(4+1) 390
N2 Nel4
380 3.0 Q.75 N=16, S+C=I3 N=19 380
N=2I 3 .2 N=25, S+C=8
370 9.5 0.80 N=18 | A-I-bl0), SW-5M, S+C=10(8+2) 1.6 0.22 N=22, A-2-4(D), SM, S+C=20018+2) 370
N-26 N=2I
360 25 0.90 N=20, S+C=8 4.7 045 N=25 [ A-I-b(D), SP-SM, S+C=7(5+2) 360
NOTES:
N=24 N=88 1. This sheet presents geotechnical data and
- 8 0.63 N:33, SeC=13 '53‘%”5”322’“9%531;29ré%’s ergleet g
350 =24 - - 33, S+t Sligrmenit o Grade. 350
25 085 N=25 | A-1-b), SW, S+C=5(4+1) N=30 2. gurfase sievations ove refarenced 1o Hean
o
340 N-26 Na13 5. 41 stomdord penatrotion tasting performes | 3/()
9.5 0.60 A-1-bl0), SW-SM, S+C=10(3+) fﬁr firumuze Dor!p‘ﬂs‘dsplcied'on WVE
0s o8 Ne22 }S‘H s e Ne1g ERaet Vara dond UTEIRG on cutomaric
DS U.c.  STDROD KYRAD RECJ—,L N=R/0.3' s s N=R/0.4 4. DS = Direct Shear Test Pegk Shear strength
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THICKNESS (FT.)

MIDDLE DEVONIAN
StLicRsaURe
LIESTONE

oEvoNIan

Loner & wigoLe,
BEvoan
ErFERSONVILLE
LivesTone.

LOUISVILLE LINESTONE

BEECHWOOD LIMESTONE MEMBER

agtone, Lgnt o gresrian aray, mcrite o Tie oroed, very
+o.Thin badSed.unconforimity of boss marked b,

pebbias in dark-aray ahdle oan. wea hers moderate salowisn brovn.
Tant 1o medium brown and It oiive arey

SILVER CREEK LTWESTONE WEWAER

t-blufan-alive and lignt graenish gray. fine
or Gilasesus, dolaitie, TosSli erous, tssal sontect markad w phusphaﬂu
pebbies, quortz sand, pyrite and louconite;

CONTACT
ELEVATIONS

ina and mosohatic

20

Unconfarnity
0’

Unconfarmity
w0

Fina derrarsonvile Limestans.

Linestone, brownisn fo IOt oroy, medlun 10 coarse araines, very fhin
10 Thin bedded (upper. section. fhick bedded (ower section, wegihers
pale yollowish brown 1. light yellowisn roy, fossiifarous, delomiiic

oripn
Linestone @cloritio), medlun aray to lignt olive gray, fine to mediun
eryatline araines, rin o very’ i bedded upper section. Thick
bedded (lowr sacfion weathors Ilont grey 1o butf, fossiiferous,

w0

Unconfarnity
s

oroovieIan
UPPER ORDOVICIN

PEREY

20 a0

SALUDA DOLOMITE MEMBER

e

Linastone Dolomitel, areenish oroy. very findly orystaline oroined.
GbaconiHie, vanthars yaowian Gray. fotsiitaroue sona

s

20

oRaxes

BARDSTOWN MEMEBER
fescriptio

Linestone mmmasa with Mudstone

neatens 1 ot alve ooy Wi Brownan cast, medun to coorse arcined
SoriiTarous, Seathars sk o &y o s TahT 0o

udetone s nedium dori orov. nt oive aray 1o llont resnish aray,
mainly’ carbonata mud witn same cly

FEn

ROWLAND MEMBER

Gesccintion;
Limestane (607 ntersoddod witn shale (41

aive groy o grayien grean, vary fine greined to icrograines.
Sromt i droseart i veoiar e 1T aray Yo Yalowion ofearien e
Shae 15 madimdark oroy 1o olive orey, dolomific, weathers HoNY oray.
Sy, fossiifarovs.

200

200

WALDRON
SHAlE.

o
Shole, IlGnt brownisn Gray 10 garkk areenisn aray, weathers gt oroy 1o
s8lowisn sray Sy, dolonicy ouriicy Tysicaly veainers To undercut
Sbove 1ying rock

gar

20

SLuRan
MIDOLE SILURIAN

LAUREL DoLOMITE

UPPER SECTION: Linestons Dolomite), aresnien gray 1o lignt oiive aray.
rirsgrained fo ary i cryaraling cronea. ek bedees, salte I+
irreaiiar potenes Up 1o 0.8 vise on 013 Tk, coerises fuo TS of

LOWER SECTION: Linestone (Bolonits), greemsn aroy fo ITgnt olive aray.
mieroqrained to very fine crystolin orainea, massvely bedded, orous
o Hise: Tue beddng sats ors
Ciay snels tho ranges from 0.8 1o 2.5'In Thicknass and . Io
570 & asove tho bosal contact with fhe Osgood Formation.

0

o
o aseerares by'o der 1 oive oroy seimitic
ated

o

Descriotion:
Linestane Glonite) 607 It erbodded vith Shale (0%

LmesTone ' is dusry yellowisn aresn 1o grayisn green 1o aive

7oy Te 12 nedion sranid, Vory thin 1o Tin Secded. veothrs dork
Jallowisn orange 1o araylsn oran:

$Raie is oreen Jo dark oray. fiasie, aity and dolonitic.

w

Tover
SLURAN

rassrieLD] osca0n

Linestone, oo yellovish bros
arsioline Graney, i o e beddea, da\omma e grousonii
ent. thin

0

S

e

NOTES;

1. Aceuracy of elevations at rock contacts were calculated
ccurasy of 20 feet due fo the amount o
unconfarmities observed an accuracy of formation
hicknesses from USGS Gealogic Quadrangles.

2. Al thicknesses were obfained from the KGS Maps 1974
‘Ceologic Map of parts deffarsonvilie, New
ooy, and Cherlestoun Duadronglo, Kenducky Indiand'
Author Aoy C. Kepferle ond 1971 Geologic Mo
Achorags. ouadrond, Jatersen and ddnan. caunﬂss,
Kertucky. Authors Roy C. Kepferle, Perry B. Wigle:
and B. Ray Hawke.

SOURCES:

1. FUSM Dbservations from Subsurface Explorations
(2005 and 2007 and Cedlogic Mapping (2001

2. Geologic Qudrangle Map Jsffersonvills, New Albany
and Charlestown Ouadrangles, Kentucky-Indiond'y
GO-1211USGS 1974, Author Ray C. Kepferle.

3. Geologic Map Anchorage Ouadrangle, Kenfucky 60-906
USGS 1971, Authors Roy C. kepferle. Perry B. Wigley
an: Ke.
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APPENDIX E
LABORATORY TEST RESULTS - SOIL
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ENGINEERS
Project Name

Moisture Content of Soil
AASHTO T 265

Project Number LX2005125

Tested By RC
[Maximurm Particle Size in Sample [hoo | Noa | s | 3w | 112 HE
{Recommended Minimum Mass (6) ["20 | roo | s | 2500 | 10000 | 50000
Material Type: Stratified, Laminated, Lensed, Homogeneous
Maximum Material Pass Min. Wet Soit & | Dry Soit &
Date Material | Particie Exciuded Mass? | Can Weight | Can Weight | CanWeight Moisture
Source Lab ID Tested Type Size Amount | Size (Y/N) )] @ @) Content (%)
AC-1, 5.0-7.0° 147 | 10/16/07 | Hom | No.10 Yes 19.52 88.80 77.64 18.2
AC-1, 15.0-17.0' 149 | 10/16/07 | Hom No. 4 No 20.54 121.52 100.51 26.3
AC-2,2.5-4.5 158 | 10/16/07 { Hom | No. 10 Yes 20.89 86.72 76.60 18.2
AC-2, 10.0-12.0° 160 10/16/07 | Hom No. 10 Yes 20.91 99.19 86.20 19.9
AC-2, 15.0-16.5' 162 | 10/16/07 | Hom | No. 10 Yes 21.40 62.16 53.86 25.6
AC-3, 5.0-7.0' 178 | 10/16/07 | Hom | No. 10 Yes 20.37 106.24 83.45 36.1
AC-3, 20.0-21.5' 181 | 10/16/07 | Hom | No. 10 Yes 20.90 1156.86 100.62 19.1
File: LX2005125_MC Sheetinput Laboratory Document /
e e o Fuller, Mossbarger, Scott, and May Engineers, inc. P o
Moisture Content of Soil
W e i AASHTO T 265
ENGINEERS
Project Name Project Number LX2005125
Tested By DG
[Maximum Patticte Size in Sample [Net0 | Noa | aw | s | 1w | |
{Recommended Minimum Mass () | 20 | 100 500 | 2,500 | 10000 | s0.000 |
Material Type: Stralified, Laminated, Lonsed, Homogeneous
Maximum Material Pass Min. Wet Seil & | Dry Soil &
Date Material | Particle Excluded Mass? | CanWeight | Can Weight | CanWeight Moisture
Source Lab D Tested Type Size Amount |  Size (Y/N} )] (9) (9) Content (%)

17 |AC-17/212+17.0, 87.0 Lt,, 0.0-1.5' 232 [ 10/23/07 | Hom 112" No 20.62 114.13 106.16 9.3|»
{AC-20/212+30.0, 56.0 Lt., 0.0-1.5' 234 | 10/23/07 | Hom 11/2" No 26.28 110.63 98.62 16.5| =
~1AC-23/ 212+50.0 Cl., 2.5'-3.6' 238 | 10/23/07 | Hom 3/4" No 27.17 133.32 128.23 500"
/|AC-26/212+70.0, 55.0 Rt.,, 0.0-1.5' 242 | 10/23/07 | Hom 3/8" No 28.98 120.06 111.61 02|«
. |AC-26/ 212+70.0, 55.0 Rt., 5.0-6.5' 243 110/23/07 | Hom 112" No 21.20 99.80 92.07 10.9]°"

- |AC-27/212+87, 125.0 Rt 0.0-1.2 249 | 10/23/07 | Hom 112" No 311.08 611.10 592.71 6.5|

File: LX2005125_MC Sheetiinput
Preparation Date: 52002
Revision Date: 7-2602
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APPENDIX F
LABORATORY TEST RESULTS - ROCK
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