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October 6, 2021

Mr. Mark Riehle, P.E.
Lochmueller Group (Lochmueller)
6200 Vogel Road
Evansville, IN 47715
Re: Geotechnical Evaluation
3rd Street over CSX Railroad
Structure No. Daviess 155
Daviess County, Indiana
Terracon Project No. CJ215028
Dear Mark:
This report presents the results of our subsurface exploratory and laboratory testing programs and
provides geotechnical recommendations for the replacement bridge structure and related
improvements. As you are aware, the work for this project was authorized by Lochmueller on
March 10, 2021, and the work has been performed in general accordance with Terracon Proposal
No. PCJ215028.
The opinions and recommendations submitted in this report are based, in part, on our interpretation
of the subsurface information revealed at the test boring locations as indicated on an attached plan.
Understandably, this report does not reflect variations in subsurface conditions between or beyond
these locations. Therefore, variations in these conditions can be expected, and fluctuation of the
groundwater levels will occur with time. Other important limitations of this report are attached.

PROJECT DESCRIPTION
We understand that the commissioners of Daviess County are planning to replace a bridge
carrying 3rd Street over CSX Railroad using local funds only. Based on preliminary plans provided
by Lochmueller, the new bridge is planned to consist of a single-span structure supported on deep
foundations with near-vertical integral abutments and with a span length of about 70 ft. The profile
grade is planned to be raised about 3 to 4 ft at the bridge. As such, an existing intersection will be
impacted and realigned just north of the bridge. Refer to the attached Exploratory Location Plan
(Drawing No. CJ215028.B1) for the planned geometry relative to our exploratory locations.
The railroad was constructed in an earth cut. The near-vertical abutments are planned to be
located about 30 ft from the centerline of the railroad and consist of mechanically-stabilized earth
faced with modular blocks. The walls are planned to also be parallel to 3rd Street (i.e., wings) to
accommodate the grade change. The wall heights at the abutments are anticipated to be up to
27 ft. Sideslopes beyond the walls are planned at 3H:1V or flatter. Additionally, drainage
improvements are planned to consist of relatively small-diameter storm sewers established within
about 5 ft below the ground surface.
Additional information such as construction schedule is not known. In the event that the nature,
design or location of the proposed construction changes, the conclusions and recommendations
contained in this report shall not be considered valid unless the changes are reviewed, and the
conclusions are modified or confirmed in writing.
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FIELD EXPLORATION AND LABORATORY TESTING
Subsurface conditions for the improvements were explored by performing two structure borings
(TB-1 and TB-2) into bedrock. At the structure borings, rock cores were taken about 12 to 14 ft into
rock. In addition to the two structure borings, three road borings with pavement cores were
performed. The number, location and depth of the test borings were determined by Terracon. The
borings were located in the field by Terracon personnel referencing identifiable features shown on
the previously mentioned plans. Ground surface elevations at the boring locations were
interpolated to the nearest 1 ft based on topographic information provided on the plans. The
exploratory locations and elevations should be considered accurate only to the degree implied by
the methods used.
Field activities were performed by Terracon on September 16 and 17, 2021. Exploratory activities
were performed using hollow stem augers to advance the boreholes. Soil samples were obtained
using Standard Penetration Test (SPT) procedures (AASHTO T 206). In addition, sampling of rock
was performed using diamond core drilling methods (AASHTO T 225-83) and an N-sized core
barrel. Each borehole was backfilled with auger cuttings with a bentonite chip plug placed near the
surface, and a concrete patch was placed at the surface. Additional details of the drilling and
sampling procedures are attached.
Following the exploratory activities, the soil and rock samples were visually classified by a Terracon
assistant geologist and later reviewed by a Terracon geotechnical engineer. After visual
classification of the soils, representative samples were selected and submitted for laboratory
testing. These tests included natural moisture content, Atterberg limits, unconfined compression,
uniaxial compressive strength (on rock), and hand penetrometer readings. The results of the tests
are provided on the attached boring logs and/or laboratory sheets. Soil descriptions on the boring
logs are in general accordance with the INDOT AASHTO Specifications (textural classification,
e.g., silty clay). The boring logs represent our interpretation of the individual samples and field logs
and results of the laboratory tests. The stratification lines on the boring logs represent the
approximate boundary between soil and rock types; although, the transition may actually be
gradual.

SITE CONDITIONS
Surface and Subsurface Conditions
Based on our observations, the ground surface conditions at the boring locations generally
consisted of 8 in. of asphaltic concrete underlain by granular subbase. The pavement at Boring
RB-2/PC was stripped below the surface layer. The pavement components were underlain by
cohesive soil (i.e., silty clay and silty clay loam) extending to bedrock at depths ranging from 8½ to
15 ft (Elevation 538 to 539) below the existing ground surface.
The consistency of the soil was generally described as stiff to hard based on hand penetrometer
readings in the range of 1 to 4 ½ tons/sq ft (tsf), though most hand penetrometer readings were in
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the range of 2 to 4 tsf. Moisture contents were typically in the range of 15 to 24 percent. Organic
matter was observed in Boring RB-2/PC below a depth of about 6 ft, and in Boring TB-2 near a
depth of 4 ft. At those two locations, moisture contents were observed to be about 32 to 37
percent. Unconfined compressive strength tests indicated peak undrained shear strengths (using
a Ø=0 concept) in the range of 1.6 to 3.1 kips/sq ft (ksf).
The upper 2 to 4 ft of the bedrock was described as soft and weathered and was penetrated with
the hollow-stem augers. The underlying rock was obtained from coring and was generally
described as soft to moderately hard shale and hard limestone. Jar slake test results of the shale
near El. 527 showed the shale being durable. A layer of coal was observed in Boring TB-1
between about 20½ ft to 22 ft (Elevation 527½ to 529). Interbedded coal was observed above El.
527½. The coal was not recovered at Boring TB-2 but was likely present near the same elevations
based on the color of the drilling fluid observed during coring.
Groundwater Conditions
Groundwater level observations were made during and upon completion of the exploratory
activities. Groundwater was not observed during drilling at the boring locations. Groundwater
noted upon completion at Borings TB-1 and TB-2 is fictitious due to the introduction of water to the
borehole during rock coring. It should be recognized that groundwater levels of any kind will
fluctuate due to changes in precipitation, infiltration, surface run-off, and other hydrogeological
factors.

DISCUSSION AND RECOMMENDATIONS
Based upon the test boring information and the proposed construction, the conditions are
conducive for support of the proposed bridge structure and related elements as planned and as
discussed herein. In our opinion, the risks from a geotechnical perspective relate to isolated
yielding cohesive soils from a pavement and earthwork perspective and to rock excavation at the
modular block walls. Support of the bridge will require piles to be set in pre-cored holes in rock.
Refer to the following paragraphs for discussion related to foundation design and construction.
Subgrade Preparation and Embankment Construction
In all areas to receive new fill or pavement components, we recommend all topsoil, soil containing
organic matter (if any), trees/brush and associated roots (via grubbing per ISS), wet or soft surficial
soils, and existing pavement components be removed from within the construction limits as
necessary. If practical, we recommend the removed pavement materials be stockpiled for re-use to
improve yielding foundation soils exposed during proofrolling (refer to the discussion below). The
pavement materials could also be processed to satisfy the requirements for re-use as embankment
fill, if desired or economical to do so.
Removal of the surficial elements is anticipated to primarily expose cohesive soils. Where cohesive
soils are exposed, we recommend they be proof-rolled in accordance with the ISS. Soft/yielding
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cohesive soils are anticipated to be relatively isolated but are likely to be exposed (e.g., Boring RB1 where the moisture content was 20 percent and the dry unit density was 97 lbs/cu ft [pcf]). When
yielding conditions are encountered, we recommend that these soils be aerated (by means of
continuous discing operation to reduce the moisture content) and recompacted. If this is not
feasible, stabilization alternatives include undercutting and replacement with granular fill (e.g., "B"
borrow), or the use of a large-sized aggregate such as INDOT No. 2 stone or the recycled
pavement material as noted earlier. If construction takes place during late fall, winter or early
spring, reducing the moisture content may be difficult to achieve, and stabilization will more likely
be required. The final decision regarding modification should be made at the time of construction,
based on the observed actual conditions. To help reduce yielding soil risks, construction during late
summer and early fall months is traditionally more conducive from and earthwork perspective.
We recommend that additional quantities be included in the contract for undercutting and replacing
with compacted “B” borrow (or recycled pavement materials). For estimating purposes, we
recommend considering an undercut and replacement depth of 1 ft over 20 percent of exposed soil
areas (i.e., below new pavement and new embankment fill). Use of Subgrade Treatment Type IC
will help to reduce the risk of needing the undercut quantities.
Embankment Fill Placement and Compaction
We recommend that fill used to raise grades or backfill of undercut areas be placed in loose lift
thicknesses not exceeding 8 in. and be compacted to 95 percent of the maximum density obtained
in accordance with AASHTO T 99 as specified in the ISS. Based on the anticipated earthwork
requirements, embankment fill will likely consist of imported soil and will also consist of structure
backfill to accommodate the modular walls. If needed, the soils as observed at the test boring
locations are suitable for reuse as embankment fill, as necessary. However, the natural moisture
content of the cohesive soils exceeds the optimum. Therefore, drying (by aeration) of the fill will be
required before placement in order to satisfy the ISS if these soils are utilized. Under some climatic
conditions, such as cold or rainy weather, or in confined areas, adequate moisture conditioning
may be difficult to achieve, and in this case, granular fill could be required to expedite construction
activities.
The greatest fill heights are planned in areas that are anticipated to have been cut areas during the
construction of the railroad. Because the soil will be undergoing “re-loading” in these areas, and
because of relatively small embankment heights elsewhere in conjunction with rock being shallow,
settlement of the foundation soil is anticipated to be negligible.
Modular Wall Considerations
As discussed, modular block retaining walls are planned to accommodate grade changes and
serve as abutments for the new bridge. Leveling pads at the bridge abutments are anticipated to be
established near Elevation 531 to 533. Foundation conditions at the bridge are anticipated to
consist of bedrock. As the walls step and turn into the wings, leveling pad elevations are
anticipated to vary and conditions are anticipated to consist of cohesive soil.
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Typical reinforcement lengths are a minimum of 0.7 times the height of the wall or
8 ft. Considering wall heights of up to 28 ft established on rock at the abutments and 18 ft
established on soil at the wings, we do not take exception to use of minimum reinforcement lengths
of 8 ft or 0.7 times the height of the wall. We recommend that a factored bearing resistance of
10,000 psf be considered for walls established on rock at El. 531 to 532 and that a factored bearing
resistance of 5,400 psf be considered for the walls established on cohesive soil. Refer to a table
included in the attached wall analysis for wall design parameters. If the abutment walls are
established at a shallower elevation, a reduction in the bearing resistance may be required
because of the presence of a foreslope.
In addition, we recommend that design and construction of the modular walls be in accordance
with ISS Section 732. Note that AASHTO permits shorter reinforcement lengths for walls
established on rock so long as the internal stability is satisfied and the sliding and bearing
resistance are not exceeded. Global instability is not of concern, in our opinion.
We recommend you anticipate the ground reinforcement lengths at the abutments as it relates to
the geometry of the elevation views of the walls. That is, the length of ground reinforcement will
extend into the elevation view of the wing walls a distance of no less than the length of the
reinforcement. This will impact the amount of excavation (including rock excavation) required to
construct the walls.
We do not anticipate undercuts to be required for the foundation soil conditions exposed at the
boring locations. If undercuts are necessary, the actual undercut locations shall be determined in
the field by a qualified person.
To evaluate the internal stability, three standard modes of failure are typically addressed. These
include: 1) pullout of the strips; 2) tensile overstress of the strips and wall/strip connection; and 3)
corrosion (steel) and or creep (for high-density polypropylene products) of the reinforcing strips. We
understand that the wall manufacturer will evaluate the internal stability of the wall system. If the
supplier chooses to use shorter reinforcement lengths, the supplier is also responsible for
evaluating bearing and sliding resistances.
Bridge Foundation Considerations
Rock was observed near the bridge near Elevation 538 to 539. We recommend the piles be precored into rock and backfilled with concrete in accordance with ISS 701.09. We recommend that
the pre-cored holes be advanced 10 ft below the leveling pad and the piles be outfitted with
uniformly-spaced shear studs to develop composite action and side friction transfer in the precored holes. The pre-coring will expose rock conditions ranging from coal and soft shale to hard
limestone. Hard limestone may be present below the depth explored at the boring locations and
may be exposed during pre-coring of the piles. The contractor should be prepared for such
conditions.
In addition, we recommend that pile tips be fitted with pile shoes (ISS 915) and that the piles be
sleeved through the modular block wall in accordance with INDOT requirements. The following
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table provides maximum design resistances for HP 12x53 and 12x74 shapes as specified in IDM
Figure 408-3A.
Table 1: Summary of Design Resistances
Pile Size and Type
HP 12x53
HP 12x74
Maximum Design Soil Resistance - RR (kips)
234
330
Resistance Factor φdyn *
0.55
Downdrag Load - DD (kips)
Negligible
Negligible
Maximum Nominal Soil Resistance - Rn (kips)
426
600
Downdrag Friction - Rsdd (kips)
Negligible
Negligible
Relaxation in Shale (kips)
75
100
Nominal Driving Resistance - Rndr (kips)
501
700
*Driving resistance evaluated using ISS 701.05(a)

We recommend that piles be driven to practical refusal on rock. Because of the shale, the piles
may drive into the pre-cored hole such that we recommend you add 2 to 3 ft of length to the piles.
The pile spacing should be no closer than 6 ft.
For the contractor’s use in preliminarily sizing a hammer for the required driving resistance, criteria
established by the Indiana Department of Transportation (INDOT) Standard Specifications Section
701.05a may be considered. Only diesel hammers shall be permitted. In addition, the proposed
hammer information and a wave equation analysis shall be submitted by the contractor to Terracon
for a pre-construction driveability review. Only GRLWEAP software developed by Pile Dynamics,
Inc. is acceptable. For your information, this is necessary to verify that the hammer has sufficient
energy to confirm the nominal driving resistance and to verify that the pile will not be overstressed
during driving.
For your consideration of seismic loads and in accordance with the AASHTO LRFD Bridge Design
Specifications, it is our opinion that the profile can conservatively be associated with a Site Class C
assuming little to no impacts to design. The site class along with the peak ground acceleration
coefficient is used to determine the Seismic Zone. Using a Site Class C and the peak ground
acceleration (PGA=0.118) results in a seismic response parameter (SD1) of 0.136 and Seismic
Zone 1.
Storm Sewer Considerations
As mentioned, drainage improvements are anticipated to include new storm sewers within about
5 ft of the proposed grade. Foundation soil conditions at the storm sewer are anticipated to consist
of stiff cohesive soil. The placement of these elements within the soil profile will not increase the
load on the underlying soil above that anticipated from the existing overburden or proposed
embankment. The success of preparation of the foundation soil and the bedding will be directly
impacted by the ability to maintain a stable excavation “in the dry.” Because of inherent variations
in subsurface conditions, we recommend a contingency for 1 ft of undercut excavation and
replacement with “B” Borrow for 10 percent of the total length of new sewer be used to improve any
soft foundation conditions that are exposed.
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Excavations and Dewatering
All excavations should conform with Occupational Safety and Health Administration (OSHA)
requirements (i.e., 29 CFR Part 1926). The Contractor is solely responsible for constructing and
maintaining stable excavations. Additionally, soil should not be stockpiled immediately adjacent to
the top of the excavation.
Water infiltration into excavations for storms sewers and retaining wall construction is anticipated to
be relatively slow and be consistent with granular seams/layers within the cohesive soil or with
surface runoff. In our opinion, this type of infiltration can likely be controlled using conventional
sump pumps and pits, possibly in conjunction with collection trenches.
Rock excavation will be necessary to establish the base of the modular walls, particularly at the
bridge abutments. Excavations are anticipated to extend several feet into rock and encounter rock
conditions ranging from coal and soft shale to limestone which will not be rippable. We recommend
that quantities of rock excavation be included in the contract documents.

CONCLUDING REMARKS
In closing, we recommend that Terracon be provided the opportunity to review the final design and
project specifications to confirm that earthwork and foundation requirements have been properly
interpreted and implemented in the design and specifications. We also recommend that Terracon
be retained to provide construction observation services during the earthwork and foundation
construction phases of the project. This will allow us to verify that the construction proceeds in
compliance with the design concepts, specifications and recommendations. It will also allow design
changes to be made in the event that subsurface conditions differ from those anticipated.
We appreciate the opportunity to provide our services to you on this project. Please contact our
office if you have any questions or need further assistance with the project.
Sincerely,
TERRACON CONSULTANTS, INC.

Kyle L. Zak, P.E.
Group Leader

Michael S. Wigger, P.E.
Principal Engineer
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Important Information about This

Geotechnical-Engineering Report
Subsurface problems are a principal cause of construction delays, cost overruns, claims, and disputes.
While you cannot eliminate all such risks, you can manage them. The following information is provided to help.
The Geoprofessional Business Association (GBA)
has prepared this advisory to help you – assumedly
a client representative – interpret and apply this
geotechnical-engineering report as effectively as
possible. In that way, you can benefit from a lowered
exposure to problems associated with subsurface
conditions at project sites and development of
them that, for decades, have been a principal cause
of construction delays, cost overruns, claims,
and disputes. If you have questions or want more
information about any of the issues discussed herein,
contact your GBA-member geotechnical engineer.
Active engagement in GBA exposes geotechnical
engineers to a wide array of risk-confrontation
techniques that can be of genuine benefit for
everyone involved with a construction project.
Understand the Geotechnical-Engineering Services
Provided for this Report

Geotechnical-engineering services typically include the planning,
collection, interpretation, and analysis of exploratory data from
widely spaced borings and/or test pits. Field data are combined
with results from laboratory tests of soil and rock samples obtained
from field exploration (if applicable), observations made during site
reconnaissance, and historical information to form one or more models
of the expected subsurface conditions beneath the site. Local geology
and alterations of the site surface and subsurface by previous and
proposed construction are also important considerations. Geotechnical
engineers apply their engineering training, experience, and judgment
to adapt the requirements of the prospective project to the subsurface
model(s). Estimates are made of the subsurface conditions that
will likely be exposed during construction as well as the expected
performance of foundations and other structures being planned and/or
affected by construction activities.
The culmination of these geotechnical-engineering services is typically a
geotechnical-engineering report providing the data obtained, a discussion
of the subsurface model(s), the engineering and geologic engineering
assessments and analyses made, and the recommendations developed
to satisfy the given requirements of the project. These reports may be
titled investigations, explorations, studies, assessments, or evaluations.
Regardless of the title used, the geotechnical-engineering report is an
engineering interpretation of the subsurface conditions within the context
of the project and does not represent a close examination, systematic
inquiry, or thorough investigation of all site and subsurface conditions.

Geotechnical-Engineering Services are Performed
for Specific Purposes, Persons, and Projects,
and At Specific Times

Geotechnical engineers structure their services to meet the specific
needs, goals, and risk management preferences of their clients. A
geotechnical-engineering study conducted for a given civil engineer

will not likely meet the needs of a civil-works constructor or even a
different civil engineer. Because each geotechnical-engineering study
is unique, each geotechnical-engineering report is unique, prepared
solely for the client.
Likewise, geotechnical-engineering services are performed for a specific
project and purpose. For example, it is unlikely that a geotechnicalengineering study for a refrigerated warehouse will be the same as
one prepared for a parking garage; and a few borings drilled during
a preliminary study to evaluate site feasibility will not be adequate to
develop geotechnical design recommendations for the project.
Do not rely on this report if your geotechnical engineer prepared it:
• for a different client;
• for a different project or purpose;
• for a different site (that may or may not include all or a portion of
the original site); or
• before important events occurred at the site or adjacent to it;
e.g., man-made events like construction or environmental
remediation, or natural events like floods, droughts, earthquakes,
or groundwater fluctuations.
Note, too, the reliability of a geotechnical-engineering report can
be affected by the passage of time, because of factors like changed
subsurface conditions; new or modified codes, standards, or
regulations; or new techniques or tools. If you are the least bit uncertain
about the continued reliability of this report, contact your geotechnical
engineer before applying the recommendations in it. A minor amount
of additional testing or analysis after the passage of time – if any is
required at all – could prevent major problems.

Read this Report in Full

Costly problems have occurred because those relying on a geotechnicalengineering report did not read the report in its entirety. Do not rely on
an executive summary. Do not read selective elements only. Read and
refer to the report in full.

You Need to Inform Your Geotechnical Engineer
About Change

Your geotechnical engineer considered unique, project-specific factors
when developing the scope of study behind this report and developing
the confirmation-dependent recommendations the report conveys.
Typical changes that could erode the reliability of this report include
those that affect:
• the site’s size or shape;
• the elevation, configuration, location, orientation,
function or weight of the proposed structure and
the desired performance criteria;
• the composition of the design team; or
• project ownership.
As a general rule, always inform your geotechnical engineer of project
or site changes – even minor ones – and request an assessment of their
impact. The geotechnical engineer who prepared this report cannot accept

responsibility or liability for problems that arise because the geotechnical
engineer was not informed about developments the engineer otherwise
would have considered.

Most of the “Findings” Related in This Report
Are Professional Opinions

Before construction begins, geotechnical engineers explore a site’s
subsurface using various sampling and testing procedures. Geotechnical
engineers can observe actual subsurface conditions only at those specific
locations where sampling and testing is performed. The data derived from
that sampling and testing were reviewed by your geotechnical engineer,
who then applied professional judgement to form opinions about
subsurface conditions throughout the site. Actual sitewide-subsurface
conditions may differ – maybe significantly – from those indicated in
this report. Confront that risk by retaining your geotechnical engineer
to serve on the design team through project completion to obtain
informed guidance quickly, whenever needed.

This Report’s Recommendations Are
Confirmation-Dependent

The recommendations included in this report – including any options or
alternatives – are confirmation-dependent. In other words, they are not
final, because the geotechnical engineer who developed them relied heavily
on judgement and opinion to do so. Your geotechnical engineer can finalize
the recommendations only after observing actual subsurface conditions
exposed during construction. If through observation your geotechnical
engineer confirms that the conditions assumed to exist actually do exist,
the recommendations can be relied upon, assuming no other changes have
occurred. The geotechnical engineer who prepared this report cannot assume
responsibility or liability for confirmation-dependent recommendations if you
fail to retain that engineer to perform construction observation.

This Report Could Be Misinterpreted

Other design professionals’ misinterpretation of geotechnicalengineering reports has resulted in costly problems. Confront that risk
by having your geotechnical engineer serve as a continuing member of
the design team, to:
• confer with other design-team members;
• help develop specifications;
• review pertinent elements of other design professionals’ plans and
specifications; and
• be available whenever geotechnical-engineering guidance is needed.
You should also confront the risk of constructors misinterpreting this
report. Do so by retaining your geotechnical engineer to participate in
prebid and preconstruction conferences and to perform constructionphase observations.

Give Constructors a Complete Report and Guidance

Some owners and design professionals mistakenly believe they can shift
unanticipated-subsurface-conditions liability to constructors by limiting
the information they provide for bid preparation. To help prevent
the costly, contentious problems this practice has caused, include the
complete geotechnical-engineering report, along with any attachments
or appendices, with your contract documents, but be certain to note

conspicuously that you’ve included the material for information purposes
only. To avoid misunderstanding, you may also want to note that
“informational purposes” means constructors have no right to rely on
the interpretations, opinions, conclusions, or recommendations in the
report. Be certain that constructors know they may learn about specific
project requirements, including options selected from the report, only
from the design drawings and specifications. Remind constructors
that they may perform their own studies if they want to, and be sure to
allow enough time to permit them to do so. Only then might you be in
a position to give constructors the information available to you, while
requiring them to at least share some of the financial responsibilities
stemming from unanticipated conditions. Conducting prebid and
preconstruction conferences can also be valuable in this respect.

Read Responsibility Provisions Closely

Some client representatives, design professionals, and constructors do
not realize that geotechnical engineering is far less exact than other
engineering disciplines. This happens in part because soil and rock on
project sites are typically heterogeneous and not manufactured materials
with well-defined engineering properties like steel and concrete. That
lack of understanding has nurtured unrealistic expectations that have
resulted in disappointments, delays, cost overruns, claims, and disputes.
To confront that risk, geotechnical engineers commonly include
explanatory provisions in their reports. Sometimes labeled “limitations,”
many of these provisions indicate where geotechnical engineers’
responsibilities begin and end, to help others recognize their own
responsibilities and risks. Read these provisions closely. Ask questions.
Your geotechnical engineer should respond fully and frankly.

Geoenvironmental Concerns Are Not Covered

The personnel, equipment, and techniques used to perform an
environmental study – e.g., a “phase-one” or “phase-two” environmental
site assessment – differ significantly from those used to perform a
geotechnical-engineering study. For that reason, a geotechnical-engineering
report does not usually provide environmental findings, conclusions, or
recommendations; e.g., about the likelihood of encountering underground
storage tanks or regulated contaminants. Unanticipated subsurface
environmental problems have led to project failures. If you have not
obtained your own environmental information about the project site,
ask your geotechnical consultant for a recommendation on how to find
environmental risk-management guidance.

Obtain Professional Assistance to Deal with
Moisture Infiltration and Mold

While your geotechnical engineer may have addressed groundwater,
water infiltration, or similar issues in this report, the engineer’s
services were not designed, conducted, or intended to prevent
migration of moisture – including water vapor – from the soil
through building slabs and walls and into the building interior, where
it can cause mold growth and material-performance deficiencies.
Accordingly, proper implementation of the geotechnical engineer’s
recommendations will not of itself be sufficient to prevent
moisture infiltration. Confront the risk of moisture infiltration by
including building-envelope or mold specialists on the design team.
Geotechnical engineers are not building-envelope or mold specialists.
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FIELD METHODS FOR EXPLORING AND SAMPLING SOILS AND ROCK
A. Boring Procedures Between Samples
The boring is extended downward, between samples, by a hollow stem auger (AASHTO*
Designation T251), continuous flight auger, driven and washed-out casing, or rotary boring with
drilling mud or water.
B. Standard Penetration Test and Split-Barrel Sampling of Soils
(AASHTO* Designation: T206)
This method consists of driving a 2-in. outside diameter split-barrel sampler using a 140-lb weight
falling freely through a distance of 30 in. The sampler is first seated 6 in. into the material to be
sampled and then driven 12 in. The number of blows required to drive the sampler the final 12 in.
is recorded on the Log of Test Boring and known as the Standard Penetration Resistance or Nvalue. Recovered samples are first classified as to texture by the field personnel. Later in the
laboratory, the field classification is reviewed by a geotechnical engineer who observes each
sample.
C. Thin-walled Tube Sampling of Soils
(AASHTO* Designation: T207)
This method consists of hydraulically pushing a 2-in. or 3-in. outside diameter thin wall tube into
the soil, usually cohesive types. Relatively undisturbed samples are recovered.
D. Soil Investigation and Sampling by Auger Borings
(AASHTO* Designation: T203)
This method consists of augering a hole and removing representative soil samples from the auger
flight or bucket at 5-ft intervals or with each change in the substrata. Relatively disturbed samples
are obtained and its use is therefore limited to situations where it is satisfactory to determine
approximate subsurface profile.
E. Diamond Core Drilling for Site Investigation
(AASHTO* Designation: T225)
This method consists of advancing a hole in rock or other hard strata by rotating downward a
single tube or double tube core barrel equipped with a cutting bit. Diamond, tungsten carbide, or
other cutting agents may be used for the bit. Wash water is used to remove the cuttings.
Normally, a 3-in. outside diameter by 2-in. inside diameter coring bit is used unless otherwise
noted. The rock or hard material recovered within the core barrel is examined in the field and
laboratory. Cores are stored in partitioned boxes and the length of recovered material is
expressed as a percentage of the actual distance penetrated.
*

American Association of State Highway and Transportation Officials, Washington D.C.

LOG OF TEST BORING – GENERAL NOTES
DESCRIPTIVE CLASSIFICATION

SYMBOLS

GRAIN SIZE TERMINOLOGY
Soil Fraction

Particle Size

Boulders ................
Gravel ....................
Sand: Coarse .....
Fine .........
Silt .........................
Clay .......................

Larger than 75 mm ...............
4.76 mm to 75 mm ...............
2.00 to 4.76 mm ...................
0.075 to 0.42 mm .................
0.002 to 0.075 mm ...............
Smaller than 0.002 mm ……..

US Standard Sieve Size

GENERAL TERMINOLOGY
Physical Characteristics
- Color, moisture, grain shape
fineness, etc.
Major Constituents
- Clay silt, sand, gravel
Structure
- Laminated, varved, fibrous,
stratified, cemented, fissured,
etc.
Geologic Origin
- Glacial, alluvial, eolian,
residual, etc.

RELATIVE PROPORTIONS
OF COHESIONLESS SOILS
Term

Defining Range by
% of Weight

Trace ………………. 1 – 10%
Little ……………….. 11 – 20%
Some ……………… 21 – 35%
And ……………….. 36 – 50%

Larger than 3”
#10 to 75 mm
#40 to #10
#200 to #40
Smaller than #200
Smaller than #200

RELATIVE DENSITY
Term

“N” Value

Very loose …………….............. 0 – 5
Loose …………………………… 6 – 10
Medium dense ………………… 11 – 30
Dense …………………………… 31 – 50
Very Dense …………………….. 51+

CONSISTENCY
Term

“qp”

Very soft ……………………… 0.0 – 0.25
Soft ……………………………. 0.25 – 0.5
Medium ………………………. 0.5 – 1.0
Stiff ……………………………. 1.0 – 2.0
Very Stiff ……………………… 2.0 – 4.0
Hard …………………………… 4.0+

PLASTICITY
Term

ORGANIC CONTENT BY
COMBUSTION METHOD
Soil Description

DRILLING AND SAMPLING

Plastic Index

None to slight ……………. 0 – 4
Slight ……………………… 5 – 7
Medium …………………… 8 – 22
High/Very High …………... Over 22

AS
BS
C
COA
CS
CW
DC
DM
FA
FT
HA
HSA
NR
PMT
PT
PTS
RB
RC
REC
RQD
RS
S
SS
2ST
3ST
VS
WPT

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

Auger Sample
Bag Sample
Casing Size 2½”, NW, 4”, HW
Clean-Out Auger
Continuous Sampling
Clear Water
Driven Casing
Drilling Mud
Flight Auger
Fish Tail
Hand Auger
Hollow Stem Auger
No Recovery
Borehole Pressuremeter Test
3” O.D. Piston Tube Sample
Peat Sample
Rock Bit
Rock Coring
Recovery
Rock Quality Designation
Rock Sounding
Soil Sounding
2” O.D. Split-Barrel Sample
2” O.D. Thin-Walled Tube Sample
3” O.D. Thin-Walled Tube Sample
Vane Shear Test
Water Pressure Test

LABORATORY TESTS
qp
qu
W
LL
PL
PI
SL
LOI

ﻻd
pH

–
–
–
–
–
–
–
–
–
–

Penetrometer Reading, tsf
Unconfined Strength, tsf
Moisture Content, %
Liquid Limit, %
Plastic Limit, %
Plasticity Index
Shrinkage Limit, %
Loss on Ignition, %
Dry Unit Weight, pcf
Measure of Soil Alkalinity/Acidity

LOI

w/ organic matter ……….…. 4 – 15 %
Organic Soil (A-8) …………. 16 – 30%
Peat (A-8) ………………….. More than 30%

The penetration resistance, N, is the summation of the number of blows
required to effect two successive 6-in. penetrations of the 2-in. split-barrel
sampler. The sampler is driven with a 140-lb weight falling 30 in. and is
seated to a depth of 6 in. before commencing the standard penetration test.

WATER LEVEL
MEASUREMENT
BF
NW

– Backfilled upon Completion
– No Water Encountered

Note: Water level measurements shown
on the boring logs represent conditions
at the time indicated and may not reflect
static levels, especially in cohesive soils.

SHEET

Lochmueller Group

DES NO. :

STRUCTURE #: Daviess 155

PROJECT TYPE : Bridge Replacement

SAMPLE
DEPTH

ELEVATION

GROUNDWATER:

WGS 84

BORING METHOD : Hollow Stem Auger

HAMMER

: Auto

RIG TYPE

: CME 750 ATV

DRILLER/INSP

: B.N.

CASING DIA.

: ---

TEMPERATURE : 78 °F

CORE SIZE

: ---

WEATHER

Encountered at NW

At completion NW

SOIL/MATERIAL DESCRIPTION

Asphaltic Concrete
Granular Subbase

: Cloudy

SS
1

4-5-6

89

20.0 97.1

SS
2

5-6-6

89

20.5 108.3 1.5
2.5

SS
3

8-9-16

89

18.1

SS
4

9-13-17

89

ATTERBERG
LIMITS

REMARKS
LL PL PI

0.7
1.0

2.5

1.5
1.0

1.58

545.0

5.0

Silty Clay, stiff to very stiff, moist,
brown, A-7-6

7.5
540.0
8.5

Weathered Shale, soft, brown
10.0

EEI BORING LOG (INDOT FORMAT) LAT./LONG. CJ215028.GPJ IN_DOT1.GDT 10/6/21

10.0

Bottom of Boring at 10.0 ft

12.5
535.0

15.0

17.5
530.0

20.0

: 08-17-21

Caved in at 7.5 ft

POCKET
PEN., tsf

548.0
52+56
5.0 ft Right
'A'
10.0 ft

DRY
DENSITY, pcf

:
:
:
:
:

1

DATE COMPLETED : 08-17-21

MOISTURE
CONTENT

ELEVATION
STATION
OFFSET
LINE
DEPTH

38.66593
-87.04756

DATE STARTED
PROJECT NO.: CJ215028

%
RECOVERY

: Daviess

SPT
per 6"

: 3rd Street over CSX Railroad

COUNTY

OF

LONGITUDE :
DATUM :

SAMPLE
NUMBER

LOCATION

1

LATITUDE :

UNCONF.
COMP., tsf

CLIENT :

RB-1/PC

BORING NO.:

LOG OF TEST BORING

1.75

44 30 14

SHEET

Lochmueller Group

DES NO. :

STRUCTURE #: Daviess 155

PROJECT TYPE : Bridge Replacement

SAMPLE
DEPTH

ELEVATION

GROUNDWATER:

HAMMER

: Auto

RIG TYPE

: CME 750 ATV

DRILLER/INSP

: B.N.

CASING DIA.

: ---

TEMPERATURE : 78 °F

CORE SIZE

: ---

WEATHER

Encountered at NW

At completion NW

SOIL/MATERIAL DESCRIPTION

Asphaltic Concrete
Granular Subbase

: Cloudy

SS
1

5-6-8

89

2.0
17.2 116.2 3.75

SS
2

6-6-8

89

17.8 110.9 4.5
4.25

SS
3

8-8-8

89

37.1

SS
4

6-8-19

89

32.1
25.2

ATTERBERG
LIMITS

REMARKS
LL PL PI

0.7
0.9

Silty Clay Loam, hard to very stiff,
moist, brown, with silty clay near 1 ft and
6 ft, with rock fragments near 6 ft, A-6
5.0

3.12

6.0

0.5

7.5

Silty Clay, medium stiff to stiff, moist,
gray to black, with organic matter, A-7-6

535.0

10.0

EEI BORING LOG (INDOT FORMAT) LAT./LONG. CJ215028.GPJ IN_DOT1.GDT 10/6/21

10.0

Bottom of Boring at 10.0 ft

12.5
530.0

15.0

17.5
525.0

20.0

: 08-17-21

Caved in at 7.5 ft

2.5
540.0

WGS 84

BORING METHOD : Hollow Stem Auger

POCKET
PEN., tsf

543.0
48+76
2.0 ft Left
'S-1-A'
10.0 ft

DRY
DENSITY, pcf

:
:
:
:
:

1

DATE COMPLETED : 08-17-21

MOISTURE
CONTENT

ELEVATION
STATION
OFFSET
LINE
DEPTH

38.66675
-87.04803

DATE STARTED
PROJECT NO.: CJ215028

%
RECOVERY

: Daviess

SPT
per 6"

: 3rd Street over CSX Railroad

COUNTY

OF

LONGITUDE :
DATUM :

SAMPLE
NUMBER

LOCATION

1

LATITUDE :

UNCONF.
COMP., tsf

CLIENT :

RB-2/PC

BORING NO.:

LOG OF TEST BORING

1.75

62 40 22

SHEET

Lochmueller Group

DES NO. :

STRUCTURE #: Daviess 155

PROJECT TYPE : Bridge Replacement

SAMPLE
DEPTH

ELEVATION

GROUNDWATER:

HAMMER

: Auto

RIG TYPE

: CME 750 ATV

DRILLER/INSP

: B.N.

CASING DIA.

: ---

TEMPERATURE : 72 °F

CORE SIZE

: ---

WEATHER

Encountered at NW

At completion NW

SOIL/MATERIAL DESCRIPTION

Asphaltic Concrete
Granular Subbase

SS
1

3-6-6

89

19.5
17.8

SS
2

4-5-6

89

17.8 109.2 3.0
17.5
1.5

SS
3

6-7-10

89

19.4
20.1

2.75

SS
4

4-4-4

89

22.0
23.9

0.25

1.3

1.0

Silty Clay, stiff to very stiff, moist,
brown, (possible fill), A-6

5.0

5.0

Silty Clay, very stiff to very soft, moist,
brown and gray, with possible organic
matter near 6 ft, with silty clay loam near
9 ft, A-7-6

10.0

EEI BORING LOG (INDOT FORMAT) LAT./LONG. CJ215028.GPJ IN_DOT1.GDT 10/6/21

10.0

Bottom of Boring at 10.0 ft

12.5

15.0

17.5

20.0

: 08-17-21

: Cloudy
Caved in at 7.0 ft

0.7

2.5

7.5

WGS 84

BORING METHOD : Hollow Stem Auger

POCKET
PEN., tsf

52+63
4.0 ft Right
'S-1-A'
10.0 ft

DRY
DENSITY, pcf

:
:
:
:
:

1

DATE COMPLETED : 08-17-21

MOISTURE
CONTENT

ELEVATION
STATION
OFFSET
LINE
DEPTH

38.66678
-87.04674

DATE STARTED
PROJECT NO.: CJ215028

%
RECOVERY

: Daviess

SPT
per 6"

: 3rd Street over CSX Railroad

COUNTY

OF

LONGITUDE :
DATUM :

SAMPLE
NUMBER

LOCATION

1

LATITUDE :

UNCONF.
COMP., tsf

CLIENT :

RB-3/PC

BORING NO.:

LOG OF TEST BORING

ATTERBERG
LIMITS

REMARKS
LL PL PI

SHEET

Lochmueller Group

DES NO. :

STRUCTURE #: Daviess 155

PROJECT TYPE : Bridge Replacement

SAMPLE
DEPTH

ELEVATION

GROUNDWATER:

HAMMER

: Auto

RIG TYPE

: CME 750 ATV

DRILLER/INSP

: B.N.

CASING DIA.

: ---

TEMPERATURE : 82 °F

CORE SIZE

: ---

WEATHER

Encountered at NW

At completion Surface

SOIL/MATERIAL DESCRIPTION
Asphaltic Concrete
Granular Subbase

550.0

5.0

545.0

Silty Clay, stiff to very stiff, moist,
brown, with silty loam near 1 ft, (possible
fill to 3 ft), A-6

10.0
12.0
540.0

12.5

Silty Clay Loam, very stiff to hard,
moist, brown, possible residual soil below
13 ft, A-6
15.0

15.0

EEI BORING LOG (INDOT FORMAT) LAT./LONG. CJ215028.GPJ IN_DOT1.GDT 10/6/21

Weathered Shale, soft, brown and gray
535.0

Coal

21.8

22.5

25.0

525.0

Shale, soft, gray, very low bedding

27.5
28.5
30.0

Bottom of Boring at 28.5 ft
Auger refusal at 18.5 ft

520.0

SS
1

22-13-7

89

19.4

2.25

SS
2

4-3-2

89

21.4
23.2

2.0
2.0

SS
3

6-4-3

89

22.6
23.2

1.0

SS
4

4-5-6

89

20.4
21.3

2.25

SS
5

10-8-10

89

16.4
19.5

2.75

SS
6

10-8-19

89

20.0
16.3

4.5

SS
7

14-50/2

95

18.5

20.0

530.0

Caved in at 14.5 ft

17.5
19.0
Limestone, hard, gray
Shale, moderately hard, black, very low
bedding, with interbedded coal
20.5

32.5

35.0

: 08-16-21

: Cloudy

ATTERBERG
LIMITS

REMARKS
LL PL PI

0.6
1.2

2.5

7.5

WGS 84

BORING METHOD : Hollow Stem Auger

POCKET
PEN., tsf

553.0
54+07
8.0 ft Right
'A'
28.5 ft

DRY
DENSITY, pcf

:
:
:
:
:

1

DATE COMPLETED : 08-16-21

MOISTURE
CONTENT

ELEVATION
STATION
OFFSET
LINE
DEPTH

38.66635
-87.04756

DATE STARTED
PROJECT NO.: CJ215028

%
RECOVERY

: Daviess

SPT
per 6"

: 3rd Street over CSX Railroad

COUNTY

OF

LONGITUDE :
DATUM :

SAMPLE
NUMBER

LOCATION

1

LATITUDE :

UNCONF.
COMP., tsf

CLIENT :

TB-1

BORING NO.:

LOG OF TEST BORING

RC
1
RQD=
12%

90

RC
2
RQD=
90%

88

34 19 15

SHEET

Lochmueller Group

DES NO. :

STRUCTURE #: Daviess 155

PROJECT TYPE : Bridge Replacement

SAMPLE
DEPTH

ELEVATION

GROUNDWATER:

HAMMER

: Auto

RIG TYPE

: CME 750 ATV

DRILLER/INSP

: B.N.

CASING DIA.

: ---

TEMPERATURE : 82 °F

CORE SIZE

: ---

WEATHER

Encountered at NW

At completion Surface

SOIL/MATERIAL DESCRIPTION
Asphaltic Concrete
Granular Subbase

550.0

0.6
1.1

2.5

5.0
545.0

Silty Clay, stiff to very stiff, moist,
brown, with silty loam with possible
organic matter near 4 ft, (possible fill to 4
ft), A-6

7.5
9.0
10.0
540.0

Silty Clay Loam, very stiff to hard,
moist, brown and gray, possible residual
soil, A-6

12.5

Weathered Shale, soft, gray
15.0

Shale, very soft, brown, very low
bedding

EEI BORING LOG (INDOT FORMAT) LAT./LONG. CJ215028.GPJ IN_DOT1.GDT 10/6/21

17.5

17.0

Limestone, hard, gray, very low bedding
19.0

SS
1

4-4-4

89

22.1
18.9

1.75
2.25

SS
2

2-3-2

89

20.8
30.2

2.75
1.25

SS
3

3-6-7

89

22.0
20.7

2.5

SS
4

6-6-8

89

16.3
14.6

4.5

SS
5

7-12-19

89

18.5
15.3

2.75

SS
6

15-32-47

89

RC
1
RQD=
35%

50

RC
2
RQD=
37%

65

20.0
530.0
22.5

Shale, moderately hard to soft below 22
ft, gray to black, very low bedding,
interbedded coal to 21 ft, possible coal
19 to 19.7 ft
25.0

25.0
525.0

Bottom of Boring at 25.0 ft
27.5

30.0
520.0
32.5

35.0

Auger refusal at 15 ft

: 08-16-21

: Cloudy
Caved in at 11.5 ft

13.0

15.0
535.0

WGS 84

BORING METHOD : Hollow Stem Auger

POCKET
PEN., tsf

551.0
55+33
10.0 ft Right
'A'
25.0 ft

DRY
DENSITY, pcf

:
:
:
:
:

1

DATE COMPLETED : 08-16-21

MOISTURE
CONTENT

ELEVATION
STATION
OFFSET
LINE
DEPTH

38.66669
-87.04758

DATE STARTED
PROJECT NO.: CJ215028

%
RECOVERY

: Daviess

SPT
per 6"

: 3rd Street over CSX Railroad

COUNTY

OF

LONGITUDE :
DATUM :

SAMPLE
NUMBER

LOCATION

1

LATITUDE :

UNCONF.
COMP., tsf

CLIENT :

TB-2

BORING NO.:

LOG OF TEST BORING

ATTERBERG
LIMITS

REMARKS
LL PL PI

Summary of Pavement Cores
3rd Street over CSX Railroad
Terracon Project No. CJ215028
Daviess Co., Indiana

Page 1 of 1

Core

Latitude

Longitude

Direction

Lane

Date

Overall Thickness (in)

Overall Type

Layer 1 Thickness (in.)

Layer 1 Type

Subbase Type

Subbase Thickness (in.)

RB-1/PC

38.66590

-87.04760

Northbound

Driving

8/17/21

8.4

HMA

8.4

HMA

Granular Subbase

4.0

RB-2/PC

38.66670

-87.04800

Westbound

Driving

8/17/21

8.0

HMA

8.0

HMA

Granular Subbase

2.0

RB-3/PC

38.66680

-87.04670

Eastbound

Driving

8/17/21

8.0

HMA

8.0

HMA

Granular Subbase

6.9

Note: While the measurements of layer and overall core thicknesses are reported to the nearest tenth of an inch, an inherent variation in the pavement thickness will occur due to the size of the aggregate. Depending on the aggregate size, the variation in measurements could be 1/2 to 3/4 in.

PAVEMENT CORE LOG NO. RB-1/PC
PROJECT: 3rd Street over CSX Railroad

Page 1 of 1

CLIENT: Lochmueller Group Inc
Evansville, IN

SITE:
Station: 52+56

Offset: 5 ft Rt. Line "A"

Direction: Northbound

DEPTH (In.)

GRAPHIC LOG

Daviess County, IN
Latitude: 38.6659° Longitude: -87.0476°

Lane: Driving Lane

DEPTH

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT.

PAVEMENT_CORE_NO_COORDINATES CJ215028_PC.GPJ J6175238 CYPRESS CREEK - R_RECOVERED.GPJ 10/5/21

HMA, 9.5mm surface

1

1.8

2

HMA, 9.5mm surface
3.1

3

HMA, 9.5mm surface, partially stripped

4
5

5.6

HMA, 12.5mm intermediate, partially stripped

6
7
8

8.4

Granular Subbase, sand and gravel

9
10
11
12

12.4

Coring Terminated at 12.4 Inches

7770 W New York St
Indianapolis, IN

Coring Started: 8/17/2021

Coring Completed: 8/17/2021

Drill Rig: CME 750

Driller: BN

Project No.: CJ215028

PAVEMENT CORE LOG NO. RB-2/PC
PROJECT: 3rd Street over CSX Railroad

Page 1 of 1

CLIENT: Lochmueller Group Inc
Evansville, IN

SITE:
Station: 48+76

Offset: 2 ft Lt. Line "S-1-A"

Direction: Westbound

DEPTH (In.)

GRAPHIC LOG

Daviess County, IN
Latitude: 38.6667° Longitude: -87.048°

Lane: Driving Lane

DEPTH

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT.

PAVEMENT_CORE_NO_COORDINATES CJ215028_PC.GPJ J6175238 CYPRESS CREEK - R_RECOVERED.GPJ 10/5/21

HMA, 9.5mm surface, fractured, partially stripped

1
2
3
4

4.3

HMA, completely stripped

5
6
7

8.0

8

Granular Subbase, sand and gravel

9
10.0

10

Coring Terminated at 10 Inches

7770 W New York St
Indianapolis, IN

Coring Started: 8/17/2021

Coring Completed: 8/17/2021

Drill Rig: CME 750

Driller: BN

Project No.: CJ215028

PAVEMENT CORE LOG NO. RB-3/PC
PROJECT: 3rd Street over CSX Railroad

Page 1 of 1

CLIENT: Lochmueller Group Inc
Evansville, IN

SITE:
Station: 52+63

Offset: 4 ft Rt. Line "S-1-A"

Direction: Eastbound

DEPTH (In.)

GRAPHIC LOG

Daviess County, IN
Latitude: 38.6668° Longitude: -87.0467°

Lane: Driving Lane

DEPTH

THIS BORING LOG IS NOT VALID IF SEPARATED FROM ORIGINAL REPORT.

PAVEMENT_CORE_NO_COORDINATES CJ215028_PC.GPJ J6175238 CYPRESS CREEK - R_RECOVERED.GPJ 10/5/21

HMA, 9.5mm surface

1
2
3
4
5
6
7
8
9
10
11
12
13
14

2.0

HMA, 9.5mm surface, partially stripped, delaminated
3.3

HMA, 9.5mm surface, fractured, partially stripped, delaminated
4.6

HMA, 9.5mm surface, fractured, partially stripped
6.0
6.5
8.0

HMA, 12.5mm intermediate, partially stripped
HMA, 12.5mm intermediate, partially stripped
Granular Subbase, sand and gravel

14.9

Coring Terminated at 14.9 Inches

7770 W New York St
Indianapolis, IN

Coring Started: 8/17/2021

Coring Completed: 8/17/2021

Drill Rig: CME 750

Driller: BN

Project No.: CJ215028

3rd Street over CSX Railroad
ROCK CORE PHOTOGRAPHS

BORINGS:
TB-1, TB-2

Project No. CJ215028, Boring No. TB-1, Rock Core Nos. RC-1 & RC-2 Depth: 18.5-28.5’

Project No. CJ215028, Boring No. TB-2, Rock Core Nos. RC-1 & RC-2, Depth: 15-25’

Summary of Jar-Slake Test Results
3rd Street over CSX Railroad
Boring No.

Sample No.

TB-1
RC-1
TB-2
RC-2
Jar-Slake Index, IJ

Depth (ft)
20
20.5

Jar-Slake Index, IJ
10 Mins
30 Mins
24 Hrs
5
5
5
6
6
6
Descriptive Behavior

1
Degrades rapidly to a pile of flakes or mud
2
Breaks rapidly and/or forms many chips
3
Breaks slowly and/or forms few chips
4
Breaks rapidly and/or develops several fractures
5
Breaks slowly and/or develops few fractures
6
No change
Reference: Design and Construction of Shale Embankments (FHWA-TS-80-219)

Remarks

1.6

1.4

COMPRESSIVE STRESS, tsf

1.2

1.0

0.8

0.6

0.4

0.2

INDOT_UNCONFINED_TEST (EEI LOGO) CJ215028.GPJ IN_DOT1.GDT 10/5/21

0
0

2

4

6

8

10

AXIAL STRAIN, %
Boring
RB-1/PC

Sample
SS-1T

Depth
1 - 2.5

Moisture
Content (%)

Moist
Density (pcf)

Dry
Density (pcf)

Unconfined
Strength (tsf)

Strain Rate
(%)

Failure Strain
(%)

20.0

116.5

97.1

1.58

1.1

8.5

Shear Strength
(tsf)

Saturation
(%)

Void
Ratio

Specimen
Diameter (mm)

Specimen
Height (mm)

Height/Diameter
Ratio

0.79

73

0.749

33.48

62.97

1.9

Terracon Consultants, Inc.
7770 West New York Street
Indianapolis, IN 46214
Telephone: 317-273-1690
Fax: 317-273-2250

Classification
SILTY CLAY

UNCONFINED COMPRESSION TEST
DES #:
Structure #: Daviess 155
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AXIAL STRAIN, %
Boring
RB-2/PC

Sample
SS-2T

Depth
3.5 - 5

Moisture
Content (%)

Moist
Density (pcf)

Dry
Density (pcf)

Unconfined
Strength (tsf)

Strain Rate
(%)

Failure Strain
(%)

17.8

130.6

110.9

3.12

1.0

4.5

Shear Strength
(tsf)

Saturation
(%)

Void
Ratio

Specimen
Diameter (mm)

Specimen
Height (mm)

Height/Diameter
Ratio

1.56

91

0.531

34.98

71.88

2.1
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MSE WALL EXTERNAL STABILITY CALCULATIONS

The MSE wall external stability calculations herein were completed using a spreadsheet. Sliding and over
turning/eccentricity are evaluated in Load Case I, and bearing is evaluated in Load Case II. Seismic load
ing has not been evaluated for external stability in accordance with AASHTO LRFD 2017 (8th Edition)
Section 11.5.4.2. Global stability calculations are attached.

LRFD Critical Load Cases: Load Factors

Load Case 1 (1)*
Load Case 2 (2)**
Serviceability Load Case (s)***

Vertical EP

Horizontal EP

Surcharge

1.00
1.35
1.00

1.50
1.50
1.00

1.75
1.75
1.00

* Load Case 1 Is critical For Sliding and Overturning/Eccentricity
** Load Case 2 Is critical For Bearing Capacity
*** Serviceability Load Case is used for Deflections and Settlement calculations

LRFD Critical Load Cases: Resistance Factors (Rf)
(AASHTO Table 11.5.7-1)
Sliding
All other Load Cases*
Serviceability Load Case (s), Seismic (Si)

1
1

Overturning
1
1

Bearing
0.65
1

By: MSW
Checked: KLZ

3rd St over CSX RR
October 5, 2021

"MSE" Wall Design Parameter and Geotechnical Check Table
Wall at Abutments (on rock)
Design Parameter
Maximum Total Settlement
Maximum Differential Settlement
Time for Settlement Completion
Maximum Wall Height
Design Recommendations
Minimum Reinforcement Length/Height Ratio
Undercut Required
Undercut Depth
Undercut Area (Location)
Undercut Backfill Material
Seismic Recommendations
Site Class
Seismic Zone
Peak Ground Acceleration, As
Geotechnical Analysis Check
Sliding
Eccentricity
Global Stability
Factored Bearing Resistance

Value
< 1 in.
< ½ in.
N/A
27
0.7H or 8 ft (minimum)
none anticipated

B-borrow compacted to 100% maximum dry density in
accordance with AASHTO T 99
C
1
0.141
CDR
31.89/23.02 = 1.39>1.0
6.30/3.50= 1.8>1.0
OK
10,000 psf

OK
OK

Wall at Wings (on soil)
Design Parameter
Maximum Total Settlement
Maximum Differential Settlement
Time for Settlement Completion
Maximum Wall Height
Design Recommendations
Minimum Reinforcement Length/Height Ratio
Undercut Required
Undercut Depth
Undercut Area (Location)
Undercut Backfill Material (if required)
Seismic Recommendations
Site Class
Seismic Zone
Peak Ground Acceleration, As
Geotechnical Analysis Check
Sliding
Eccentricity
Global Stability
Factored Bearing Resistance

Value
< 1 in.
< ½ in.
N/A
18
0.7H or 8 ft (minimum)
none anticipated

B-borrow compacted to 100% maximum dry density in
accordance with AASHTO T 99
C
1
0.141
CDR
14.18/11.01 = 1.29>1.0
4.20/2.58 = 1.63>1.0
OK
5,400 psf

OK
OK

Abutments
Project:
Location:

3rd St over CSX RR
Daviess County

Boring No:

Traffic Surcharge =

Wall Hgt.
H (ft) = 27
Note:
2 ft of embedment neglected in
bearing capacity calculation
Fin. Elev.:
GWT Elev.:

533
530

Unit Wt. =
f=
LF =

Specify Load Case
Load Factor (LF) =

250 psf

2
1.75

Select Backfill Soil Properties:
c=
0 psf
f=
30 degrees
Unit Wt. =
120 pcf
LF =
1.50
Foundation Soil Properties:
c=
4000 psf
d=
0 degrees
Unit Wt. =
120 pcf

125 pcf
34 degrees
1.35

Pad Elev.: 530
L (ft) = 18.9

TB-1, 2

0.52359878

0
#REF!

Assuming vertical wall with traffic surcharge.
Used interaction angle of 20⁰
Ka = 0.297

L/H Ratio: 0.70
Vertical Loads:
MSE Wall
Surcharge
ΣV

V (kips) Vf(kips)
63.79
86.11
4.73
8.27
68.51
94.38

Arm (ft)
9.45
9.45
Σ MV

Moment (ft·k)
602.79
44.65
647.44

Arm (ft)
9.00

Moment (ft·k)
175.56

3.51

13.5

47.41

23.02

Σ MH

222.97

Factored Horizontal Loads:
H (kips)
Backfill
19.51
Surcharge
ΣH

Factored (ft·k)
813.77
78.14
891.91

Sliding: (Resistance Factor = 1) AASHTO 10.6.3.4
Resistance = min( c·L or V/2 )= 1 * ( 94.38 ) / 2 = 47.19 > 23.02

OK

Overturning/Eccentricity: (e < L/4 (Soil), 3L/8 (Rock), 2L/5 (Seismic) AASHTO 11.6.3.3
e = L/2 - ((Mv - Mh)/ΣV) = 18.9 / 2 - ( 891.91 - 222.97) / (94.38) = 2.36
e = 2.36

<

L/3 = 6.30

OK

Contact Pressure (soil): AASHTO 11.6.3.2
sv=ΣV/(L-2e) = 94.381875/ (18.9 - 2(2.36)) = 6658

psf

Bearing Resistance: (Resistance Factor = 0.65) AASHTO 10.6.3.1
Rf*cNcScic+.Rf*УDfNqCwq+Rf*0.5УB'NgCwg
Nc =

5.14

Nq =

1.00
0

Ng =

13442 psf

Use 10 ksf

=

>

6658

13442

psf

psf

OK

Project:
Location:

3rd St over CSX RR
Daviess County

Boring No:

Traffic Surcharge =

Wall Hgt.
H (ft) = 27
Note:
2 ft of embedment neglected in
bearing capacity calculation
Fin. Elev.:
GWT Elev.:

533
530

Unit Wt. =
f=
LF =

250 psf

L/H Ratio: 0.70

Specify Load Case
Load Factor (LF) =

1
1.75

Select Backfill Soil Properties:
c=
0 psf
f=
30 degrees
Unit Wt. =
120 pcf
LF =
1.50
Foundation Soil Properties:
c=
4000 psf
d=
0 degrees
Unit Wt. =
120 pcf

125 pcf
34 degrees
1.00

Pad Elev.: 530
L (ft) = 18.9

TB-1, 2

0.52359878

0
#REF!

Assuming vertical wall with traffic surcharge.
Used interaction angle of 20⁰
Ka = 0.297

Vertical Loads:
MSE Wall
Surcharge
ΣV

V (kips) Vf(kips)
63.79
63.79
4.73
8.27
68.51
72.06

Arm (ft)
9.45
9.45
Σ MV

Moment (ft·k)
602.79
44.65
647.44

Arm (ft)
9.00

Moment (ft·k)
175.56

3.51

13.5

47.41

23.02

Σ MH

222.97

Factored Horizontal Loads:
H (kips)
Backfill
19.51
Surcharge
ΣH

Factored (ft·k)
602.79
78.14
680.93

Sliding: (Resistance Factor = 1) AASHTO 10.6.3.4
Resistance = min( c·L or V/2 )= 1 * ( 63.79 ) / 2 = 31.89 > 23.02

OK

Overturning/Eccentricity: (e < L/4 (Soil), 3L/8 (Rock), 2L/5 (Seismic) AASHTO 11.6.3.3
e = L/2 - ((Mv - Mh)/ΣV) = 18.9 / 2 - ( 602.79 - 222.97) / (63.79) = 3.5
e = 3.50

<

L/3 = 6.30

OK

Wings
Project:
Location:

3rd St over CSX RR
Daviess County

Boring No:

Traffic Surcharge =

Wall Hgt.
H (ft) = 18
Note:
2 ft of embedment neglected in
bearing capacity calculation
Fin. Elev.:
GWT Elev.:

541
530

Unit Wt. =
f=
LF =

Specify Load Case
Load Factor (LF) =

250 psf

2
1.75

Select Backfill Soil Properties:
c=
0 psf
f=
30 degrees
Unit Wt. =
120 pcf
LF =
1.50
Foundation Soil Properties:
c=
1600 psf
d=
0 degrees
Unit Wt. =
120 pcf

125 pcf
34 degrees
1.35

Pad Elev.: 538
L (ft) = 12.6

All

0.52359878

0
#REF!

Assuming vertical wall with traffic surcharge.
Used interaction angle of 20⁰
Ka = 0.297

L/H Ratio: 0.70
Vertical Loads:
MSE Wall
Surcharge
ΣV

V (kips) Vf(kips)
28.35
38.27
3.15
5.51
31.50
43.79

Arm (ft)
6.30
6.30
Σ MV

Moment (ft·k)
178.61
19.85
198.45

Arm (ft)
6.00

Moment (ft·k)
52.02

2.34

9

21.07

11.01

Σ MH

73.09

Factored Horizontal Loads:
H (kips)
Backfill
8.67
Surcharge
ΣH

Factored (ft·k)
241.12
34.73
275.85

Sliding: (Resistance Factor = 1) AASHTO 10.6.3.4
Resistance = min( c·L or V/2 )= 1.6 * (12.6) = 20.16 > 11.01

OK

Overturning/Eccentricity: (e < L/4 (Soil), 3L/8 (Rock), 2L/5 (Seismic) AASHTO 11.6.3.3
e = L/2 - ((Mv - Mh)/ΣV) = 12.6 / 2 - ( 275.85 - 73.09) / (43.79) = 1.67
e = 1.67

<

L/3 = 4.20

OK

Contact Pressure (soil): AASHTO 11.6.3.2
sv=ΣV/(L-2e) = 43.785/ (12.6 - 2(1.67)) = 4728

psf

Bearing Resistance: (Resistance Factor = 0.65) AASHTO 10.6.3.1
Rf*cNcScic+.Rf*УDfNqCwq+Rf*0.5УB'NgCwg
Nc =

5.14

Nq =

1.00
0

Ng =

5424 psf

=

>

4728

5423.6

psf

psf

OK

Project:
Location:

3rd St over CSX RR
Daviess County

Boring No:

Traffic Surcharge =

Wall Hgt.
H (ft) = 18
Note:
2 ft of embedment neglected in
bearing capacity calculation
Fin. Elev.:
GWT Elev.:

541
530

Unit Wt. =
f=
LF =

Specify Load Case
Load Factor (LF) =

250 psf

L/H Ratio: 0.70

1
1.75

Select Backfill Soil Properties:
c=
0 psf
f=
30 degrees
Unit Wt. =
120 pcf
LF =
1.50
Foundation Soil Properties:
c=
1600 psf
d=
0 degrees
Unit Wt. =
120 pcf

125 pcf
34 degrees
1.00

Pad Elev.: 538
L (ft) = 12.6

All

0.52359878

0
#REF!

Assuming vertical wall with traffic surcharge.
Used interaction angle of 20⁰
Ka = 0.297

Vertical Loads:
MSE Wall
Surcharge
ΣV

V (kips) Vf(kips)
28.35
28.35
3.15
5.51
31.50
33.86

Arm (ft)
6.30
6.30
Σ MV

Moment (ft·k)
178.61
19.85
198.45

Arm (ft)
6.00

Moment (ft·k)
52.02

2.34

9

21.07

11.01

Σ MH

73.09

Factored Horizontal Loads:
H (kips)
Backfill
8.67
Surcharge
ΣH

Factored (ft·k)
178.61
34.73
213.33

Sliding: (Resistance Factor = 1) AASHTO 10.6.3.4
Resistance = min( c·L or V/2 )= 1 * ( 28.35 ) / 2 = 14.18 > 11.01

OK

Overturning/Eccentricity: (e < L/4 (Soil), 3L/8 (Rock), 2L/5 (Seismic) AASHTO 11.6.3.3
e = L/2 - ((Mv - Mh)/ΣV) = 12.6 / 2 - ( 178.61 - 73.09) / (28.35) = 2.58
e = 2.58

<

L/3 = 4.20

OK

