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PENNSYLVANIA DEPARTMENT OF TRANSPORTATION

PUBLICATION 293 —2025
GEOTECHNICAL ENGINEERING MANUAL

BACKGROUND

Publication 293, “Geotechnical Engineering Manual” provides policy and guidance for
geotechnical engineering activities for roadway and structure projects for the Pennsylvania
Department of Transportation. This publication addresses geotechnical engineering activities
required for three phases of projects including Alignment Alternatives Analyses, Preliminary
Design, and Final Design. Publication 293 is applicable to both design/bid/build projects and
design/build projects and applies to design done by consultants and design done in-house by the
Department.

The geotechnical engineering work for structures must also follow the requirements
specified in Publication 15 (Design Manual Part 4 (DM-4), Part A, Chapter 1, Sections 1.9.3 and
1.9.4), and Publication 448 (Innovative Bidding Toolkit, Chapter 3, Section 3.2.3.1).
Additionally, Publication 293 provides policy and guidance on completing structure foundation
tasks and describes how to integrate geotechnical work for structures and roadways in the most
efficient and coherent manner.

Since each project is unique and requires engineering judgment based on the specific
project circumstances, this publication should not be used as the geotechnical scope of work for
projects. Instead, the scope of work for each project should be based on project specific
information and goals, using this publication only as a reference. Additionally, since roadway
and structure projects involve numerous people from within the Department, outside agencies,
and consultants, communication is critical from the onset of the project through construction to
produce a successful project. This includes early (during project scoping) and continual
involvement of geotechnical personnel.

The policies set forth in this publication are to be considered minimum requirements.
Additional requirements may be added by the Department or approved by the Department at the
request of the geotechnical consultant, to fit specific project needs. The guidance provided in this
publication is considered to be state of the practice; however, other acceptable means and
methods to those presented in this publication exist and can be used, when approved by the
Department. The policy and guidance presented in this publication do not replace informed
decision making, proper application of scientific data, or using sound geotechnical
engineering judgment and principles.

Publication 293 is divided into numerous chapters. Chapter 1 provides policy and

guidelines for the geotechnical tasks and reports required to be completed for various phases of
projects. The remaining chapters of Publication 293 provide policy and guidelines for

Vii



performing these geotechnical tasks and various analyses, as well as address a variety of
technical issues and policy/guidance for some unusual and/or more challenging geotechnical
conditions.

Equally effective management of construction is not possible if an equivalent awareness
of the design principles leading to the proposed construction is not understood. As no one
individual can realistically possess a knowledge of the details associated with all the components
of either phase (design or construction), early and frequent communication between personnel
(between design disciplines and with construction specialists) is crucial. A lack of such
communications may result in failures.

It is of value to adamantly affirm that while design and construction are separate
functional phases, the two should never be separated in the practical sense. A functional and
effective design cannot be achieved without constant consideration of constructability and a
working appreciation of how an element is to be constructed.

Maintenance and updates of this publication are the responsibility of the Bureau of
Construction and Materials, Geotechnical Section. Users may submit questions or suggest
modifications or additions to the current edition to GEOPUB293@pa.gov.
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1.1 INTRODUCTION
Chapter 1 of this publication provides policy and guidance with respect to:

Project design phases

Project complexity levels

Geotechnical work processes

Geotechnical scopes of work

Geotechnical work tasks

Geotechnical reports

e Geotechnical engineering for construction and maintenance activities

1.1.1 Geotechnical Design Phases

For the purposes of this publication, geotechnical design is divided into three phases that
includes Alternatives Analysis, Preliminary Design, and Final Design. These design phases are
completed during Post Transportation Improvement Plan (POST-TIP) activities as specified in
PennDOT Publication 10 (DM-1). Based on guidelines in DM-1, Alternatives Analysis and
Preliminary Design are completed during Step 6 — “Preliminary Engineering/NEPA Decision” of
the PennDOT project delivery process and Final Design is completed during Step 7 — “Final
Design and Construction”. Considerable geotechnical engineering will most likely be required in
both Steps 6 and 7 for complex projects, whereas most of the geotechnical engineering can be
completed during just one of these steps for less complex projects. Geotechnical engineering
may be required during PRE-TIP and TIP activities. A brief summary of the three geotechnical
design phases is given below.

1.1.1.1 Alternatives Analysis

This phase is needed for projects that are considering two or more roadway alignments
and/or structure locations. These types of projects are typically for new alignments and are major
(most complex). Geotechnical engineering is done during this phase to provide information to
help select the preferred alternative and prepare the environmental document. Geotechnical
engineering will also be needed in both the Preliminary and Final Design phases for these major
types of projects. Where non-geotechnical issues (e.g., environmental, cultural resources, etc.)
control the selection of the alignment, limited geotechnical engineering may be enough during
the Alternatives Analysis phase. This phase is not needed for projects that are not considering
multiple alignments, like routine improvements to existing highways (e.qg., including
reconstruction, widening, structure replacement, etc.).

1.1.1.2 Preliminary Design

This phase involves preliminary engineering investigations, designs, and analyses to
support the environmental document when only a single alignment is being studied, provide
input for preparation of the Design Field View Submission (i.e., 30% design), and to develop a
detailed Scope of Work for final design. On major projects, considerable geotechnical
engineering may be required to help set the preliminary line and grade, design preliminary
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geotechnical mitigation measures, and provide input for preliminary cost estimates. On less
complex projects like structure replacements with minimal roadway work or minor roadway
widening or realignment, a limited amount of geotechnical work may suffice, but it is preferred
that as much of the geotechnical work as possible be performed during this phase.

1.1.1.3 Final Design

This phase is focused primarily on the preparation of the bidding documents, which
consist of the final design plans and specifications. The level of geotechnical engineering
required during Final Design will depend not only on the size and complexity of the project, but
also on the amount of geotechnical engineering performed during the Preliminary Design Phase.
Regardless of the size or complexity of the project, at a minimum, geotechnical work will
include completing geotechnical tasks not done during Preliminary Design and reviewing
geotechnical related items (e.g., plans, details, specifications, etc.) that are included in the
contract documents.

1.1.1.4 Design/Build

It is highly desirable that all geotechnical investigations, necessary lab testing, and
geotechnical parameter selection be completed for inclusion in the Geotechnical Guidance
Report, specifications, etc. Providing this information allows perspective bidders to develop a
better quality and more cost-effective bid proposal.

1.1.2 Project Complexity Levels

Publication 10 (DM-1), Chapter 2, Section 2.1 divides projects into three complexity
levels, including most complex (major), moderately complex, and non-complex (minor). The
amount of geotechnical engineering will generally be proportional to the complexity of the
project. Typical projects with corresponding complexity level as indicated in DM-1 are described
below.

1.1.2.1 Most Complex (Major)
Roadway projects that fall into this category are typically:

New highways and interchanges
Major relocations

Major widening/capacity adding
Major Reconstruction

Structure projects that are in this category include new, replacement, or rehabilitation of:

e Unusual bridges (e.g., segmental, cable stayed, major arches or trusses, steel box
girders, movable, etc.)
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e Complex bridges (e.g., sharp skewed superstructure, non-conventional piers or
abutments, horizontally curved girders, non-conventional piles or caisson
foundations, etc.)

e Bridges underlain by complex geology (e.g., mines, karst, etc.)

e Anchored Retaining Walls/Tie Back Retaining Walls

1.1.2.2 Moderately Complex

Roadway projects that fall into this category typically include minor relocations and
minor sections of new alignment. Structure projects that are in this category include bridges with
footings on soil or rock with complex geology, friction or end bearing piles, bridges utilizing
integral abutments, proprietary/non-proprietary walls, and noise walls.

1.1.2.3 Non-Complex (Minor)

Roadway projects that fall into this category are typically simple widenings and overlay
projects. Structure projects in this category are typically replacements with minimal approach
work, spread footings on rock or soil with non-complex geology, footings on conventional point
bearing piles on competent rock, box culverts, sign structures (including Dynamic Message
Signs), and noise and retaining walls designed using standards or computer software.

1.1.2.4 Complexity of Subsurface

The complexity or severity of the subsurface conditions will influence and possibly
change the complexity of the project indicated in DM-1 from a geotechnical standpoint. For
example, an overlay project is typically a non-complex (minor) project; however, if the roadway
is distressed due to voids from limestone solutioning or deep mining and requires subsurface
remediation, this project would be complex from a geotechnical standpoint. Conversely, a major
reconstruction project is considered complex as specified in DM-1, but this type of project may
involve little geotechnical work if there is no alignment or grade changes, only complete
pavement rehabilitation/reconstruction, and there are no unique/complex geotechnical issues.

1.1.3 Geotechnical Work Process

The Geotechnical Work Process, or order in which geotechnical tasks are completed, can
and will vary for different projects. This work process is dependent upon the size and complexity
of the project, the design contract agreement between PennDOT and consultant (if consultant
design project), when approvals (e.g., Environmental Clearance, Design Field View, TS&L, etc.)
are obtained, project schedule, and other factors. Certain geotechnical tasks have some flexibility
in which phase of the project that they are performed. However, there is a general order in which
geotechnical tasks should be completed in order to have the necessary information required to
effectively advance the project forward within the required project schedule, and to efficiently
perform the required geotechnical work/engineering.

The typical workflow process for geotechnical engineering is graphically shown in
Figure 1.1.3-1. This workflow was developed for a major/complex project. The workflow

1-3



PUB. 293, Chapter 1 — Geotechnical Work Process, Tasks and Reports April 2025

process in Figure 1.1.3-1 is initiated during the Alternatives Analysis Phase, and then is followed
with Preliminary Design and Final Design Phases. This geotechnical workflow process also
shows how structure foundation geotechnical engineering is incorporated into the roadway
geotechnical engineering. This workflow process figure also applies to less complex projects by
disregarding the phase(s) that is/are not necessary. For example, if the alignment is set at the start
of the project then the Alternatives Analysis Phase is not necessary, and the figure can be
“entered” at the Preliminary Design Phase. As previously indicated, there is some flexibility in
when certain tasks can be completed and to what level of detail.

1.1.4 Geotechnical Scope of Work

A key factor in successfully, thoroughly and efficiently completing any work, including
geotechnical engineering, is to develop the appropriate scope of work to guide the work and
estimate the effort (time and cost) required to complete the work. A geotechnical scope of work
must be developed and included in engineering agreements for consultant designed projects. The
District Geotechnical Engineer (DGE) is responsible for clearly communicating geotechnical
engineering requirements to Department staff for projects designed in-house. A well-defined
geotechnical scope of work that is tailored to the individual needs of the project and specific
project phase, lays the groundwork for a methodical and efficient approach to the geotechnical
design activities, and provides more accurate budgeting of time and costs.

The DGE must be involved from the onset of projects with geotechnical components,
including participation in all scoping field views and in Pro-team meetings to develop the scope
of work for geotechnical activities with the PennDOT Project Manager (PPM). It is understood
that geotechnical scope changes during a project may occur due to unforeseen conditions and
ongoing modifications made throughout the project design; however, scope changes are less
likely when the initial scope of work is developed with project specific conditions and goals in
mind.

As with any type of engineering work, the scope of work will depend on the type and
complexity of the project. Major projects, including alignment alternatives analysis, new
roadway alignments, and major roadway widening, will require significant geotechnical effort.
Minor projects, including most reconstruction projects and small bridge replacements, will
typically require less geotechnical effort. In addition to the project type/complexity, the
geotechnical engineering scope of work will also be heavily influenced by the
subsurface/geologic conditions. Projects with adverse subsurface conditions will require more
geotechnical effort compared to those with favorable subsurface conditions. Regardless of the
size, complexity and subsurface conditions of a project, the basic tasks required to complete the
geotechnical engineering will be the same, but the level of effort required to complete the tasks
will vary.
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It is not enough to simply state in the geotechnical scope of work that tasks will be
performed according to Publication 293. That is not the intent of this publication. Be specific in
the scope of work so the level of geotechnical effort is clear to all involved. Being specific will
open dialogue among District personnel, or the District and consultant, and is necessary to
estimate the time and costs associated with the geotechnical work. Provide specific discussion in
the scope of work that includes, but is not limited to:

e Geotechnical information that is, or is expected to be, available

e Reconnaissance level of effort

Extent of subsurface and laboratory testing programs

Known or potential geotechnical issues and how they will be addressed
Anticipated engineering analyses required

Report(s) that will be prepared

Geotechnical related contract documents that will be developed
Anticipated number of progress/review meetings, location and attendees
Higher than usual anticipated levels of efforts due to anticipated difficult or
unfavorable subsurface conditions, or other complexities

e Potential construction phase services.

Typical tasks included in the scope of work are shown in the following section, and a
detailed discussion of scope of work for the various design phases is provided in Sections 1.2,
1.3and 1.4.

1.1.5 Geotechnical Work Tasks

Numerous geotechnical tasks are required to complete a roadway and/or structure project
successfully and thoroughly. These basic geotechnical tasks include:

Reviewing scope of project, including any conceptual plans, profiles, etc.

Preparing geotechnical scope of work

Researching and reviewing available topographic and geotechnical information

Performing field reconnaissance

Planning, implementing, and supervising subsurface exploration program

Planning and implementing laboratory testing program

Interpreting subsurface information, laboratory test results and instrumentation

data

Performing geotechnical engineering analyses

9. Providing geotechnical roadway and structure design recommendations and
construction considerations, special provisions and details

10. Preparing geotechnical reports

11. Reviewing proposed plans, profiles, sections, etc.

12. Preparing geotechnical related contract documents (e.g., plans, cross-sections,
details, specifications, boring logs, etc.)

13. Reviewing final contract documents

14. Provide consultation during construction, including geotechnical inspection,

monitoring, and oversight, as appropriate.

Noook~wbdPE
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Some, if not all, of these tasks may have to be completed during more than one phase of a
project depending upon the size, complexity and subsurface conditions. For example, a complex
project may require subsurface explorations during all phases to:

e Aid in selection of the preferred alignment in the Alternatives Analysis Phase
e Perform geotechnical design in the Preliminary Design Phase
e Refine the geotechnical design during Final Design Phase.

Alternatively, geotechnical tasks may only have to be completed during one phase of the project
for some projects. For example, a subsurface exploration performed only during the Final Design
Phase may be adequate for a small structure replacement or small roadway widening.

It is important that tasks performed during multiple phases of a project be done to gather
new information, supplement previously obtained information, or advance the geotechnical
design to the next phase. Tasks should not be duplicated during a latter phase unless necessary
for further study. In planning and executing these tasks three critical factors must always be at
the forefront of consideration:

1. There is no standard level of effort for geotechnical work — the level of effort is
always site specific and highly dependent upon the nature and complexity of the
subsurface conditions.

2. Every task undertaken must be purpose driven with the results serving the next
phase of the geotechnical effort.

3. The geotechnical effort must be coordinated with all other aspects and disciplines
of project development.

In general, always consider the implications of information obtained and observations
recorded, relative to the next step of the process. Always be looking ahead. Detailed descriptions
of these tasks and the level to which they are typically performed in the various phases are
provided in Sections 1.2, 1.3 and 1.4.

1.1.6 Project Kick-off Meeting

The start of all geotechnical work in all phases of a project must begin with a kick-off
meeting. The purpose of the meeting is to discuss the geotechnical scope of work for the project,
the geotechnical services (e.g., subsurface exploration, laboratory testing, etc.) that will be
provided, and the deliverables that will be prepared and submitted. At a minimum, the Project
Geotechnical Manager (PGM) who is a PE or PG licensed in the Commonwealth of PA, and the
DGE will attend. It is important that the PPM and the consultant (if used) be involved in order to
convey the most up to date information, project constraints, design schedule, etc., and that other
disciplines (e.g., highway, bridge, environmental designer, etc.) be consulted. Additionally, if
requested by the DGE, a geotechnical engineer from the Bureau of Construction and Materials
should participate. For small projects, and at the discretion of the DGE, this meeting may be
replaced by a conference call, video conference, or electronic correspondence. Minutes of this
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and other meetings must be prepared by the PGM and submitted to the DGE within five (5)
working days.

Before holding the meeting, available plans, profiles, sections, etc. should be reviewed to
gain a general understanding of the project. In addition, it is helpful to have some knowledge
regarding the soils and geology of the project area in order to help anticipate the complexity of
the geotechnical aspects of the project. This knowledge can be obtained from published/available
information, from project specific information obtained from previous studies, from past projects
in reasonable proximity to the project, or from information from projects in similar geologic
settings.

1.1.7 Geotechnical Submissions/Reports

There are six (6) types of geotechnical submissions/reports that are prepared for
Department projects. Like the geotechnical tasks, the type of submission(s) required for a project
will vary depending upon the type, size and complexity of the project. The six types of
geotechnical submissions/reports are:

Subsurface Exploration Planning Submission (SEPS)
Geotechnical Alternatives Analysis Report (GAAR)
Preliminary Geotechnical Engineering Report (PGER)
Final Geotechnical Engineering Report (GER)
Structure Foundation Report (SFR)

Foundation Design Guidance Report (FDGR)

ok wnE

A Subsurface Exploration Planning Submission (SEPS) must be prepared and
submitted when a subsurface exploration (e.g., borings, test pits, geophysics, etc.) is proposed.
This type of submission may be required to be prepared and submitted at various phases on
large, complex projects. For example, a Subsurface Exploration Planning Submission will be
required during the Alternatives Analysis, Preliminary Design, and Final Design Phases of a
project if borings are proposed during each of these phases. The SEPS must include any
reconnaissance work performed. This work provides a major portion of the justification for the
proposed subsurface exploration plan. The SEPS would take the place of the Reconnaissance
Soils and Geological Report (RSGER). In effect, the SEPS includes, combines, and replaces the
RSGER and Problem Statement and Draft Exploration Plan (PSDEP) in most situations.
Additionally, a submission may be required for each structure where borings are proposed for
foundation design. When multiple submissions are required for a project, information gathered
during previous studies/investigations should be used to prepare subsequent submissions. This
will eliminate the duplication of work and will help to efficiently prepare the submissions. When
multiple structures are involved, it may be more efficient to include two or more structures per
submission. This should be addressed in the scope of work.

A Geotechnical Alternatives Analysis Report (GAAR) is required when alternative

alignments are being studied and geotechnical input is needed to select the preferred alignment
and prepare the environmental document. This report documents the geotechnical information
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gathered, and summarizes geotechnical analyses (if performed), recommendations and
conclusions made during the Alternative Analysis Phase of the project.

A Preliminary Geotechnical Engineering Report (PGER) documents the geotechnical
work that was performed through the Preliminary Design Phase of the project. Pertinent
information from the Geotechnical Alternatives Analysis Report, if prepared, is included in the
Preliminary Geotechnical Engineering Report. On major projects this report will provide
recommendations to help prepare the Design Field View Submission. These recommendations
are needed to set the preliminary line and grade, design preliminary geotechnical mitigation
measures, provide input for preliminary cost estimates, and discuss further geotechnical studies
needed during the Final Design Phase. For other than single structure replacements, the
components of the RSGER are performed as a part of the preliminary engineering studies (see
Design Manual Part 1, Chapter 7, Section 7.1). For single span structure replacements and
similar small projects, the reconnaissance may be conducted during the hydraulic study. In any
situation where subsurface exploration (borings) is conducted for preliminary design, the
components of the RSGER would be included with the proposed subsurface exploration plan
(SEPS).

A Final Geotechnical Engineering Report (GER) documents the geotechnical work
that was performed during the Final Design Phase of the project. If significant geotechnical work
(e.g., subsurface exploration, analyses, recommendations, etc.) was performed during the Final
Design Phase, the Final Geotechnical Engineering Report must be a comprehensive document
including all geotechnical information and recommendations from both the Preliminary and
Final Design Phases. If only minimal geotechnical work was performed during Final Design, the
Final Geotechnical Engineering Report may consist of an addendum to the Preliminary
Geotechnical Engineering Report, or may be submitted instead of the Preliminary Geotechnical
Engineering Report. If most investigation and analyses are performed during the Preliminary
Design Phase, then the primary product of the Final Geotechnical Engineering Report will be
final recommendations, construction special provision and construction details.

A Structure Foundation Report (SFR) is required for each structure (i.e., S- designated
structure) on a project. The work to prepare this report is initiated after Type, Size and Location
(TS&L) approval for bridges and culverts. This report is submitted with the TS&L for retaining
walls and noise walls. Additional requirements for this report are included in DM-4, Part 1,
Section 1.9.4.

A Foundation Design Guidance Report (FDGR) is required for Design/Build projects
where an “As-Designed” foundation is not provided and the Design/Build team (contractor and
engineer) is responsible for preparing the Structure Foundation Report. The purpose of this
report is to provide the results of any subsurface exploration and recommendations of
permissible foundation types to the Design/Build team. Additional requirements for this type of
report are included in Publication 448, Chapter 3, Section 3.2.3.1. A similar report can be
prepared for the geotechnical roadway design elements of a Design/Build project.

A detailed discussion of these reports, including content and format, is provided in
Section 1.5. Note that each of these reports is not just a compilation of geotechnical information.
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Instead, the geotechnical data is used to produce specific products necessary to fulfill a phase of
or portion of a project supporting all other elements and disciplines involved in developing a
complete project.

1.2 GEOTECHNICAL ENGINEERING - ALTERNATIVES ANALYSIS PHASE

1.2.1 Introduction

The geotechnical design process for projects that include the study of several (two or
more) roadway alignments will commence with an Alternatives Analysis Phase. Geotechnical
engineering will be required during this phase, and the level of effort required will be dependent
on the geotechnical complexity of the project and the nature of the alternatives to be assessed. If
alternative alignments are not being considered for a project, the geotechnical work will
commence with the Preliminary Design Phase, which is discussed in Section 1.3. The
Alternatives Analysis Phase is performed during Step 6 of the PennDOT Project Delivery
Process.

1.2.2 Purpose

The purpose of geotechnical engineering during the Alternatives Analysis Phase of the
design process is to provide information to aid in the selection of the preferred alignment, which
includes information necessary to prepare the environmental document. Additionally,
information obtained during this phase will help determine the level of geotechnical effort
required during the subsequent design phase (i.e., Preliminary Design Phase).

It is important that geotechnical factors, both unfavorable and favorable, be identified
during the Alternatives Analysis Phase so that they are accounted for in the alignment selection
process. For most projects factors including environmental, cultural, and economical will be the
main consideration(s) in the alignment selection, and geotechnical issues may be of little or no
consequence. However, even for these cases, some level of geotechnical engineering need must
still be considered. In such cases, it is important to ensure that the scope of geotechnical
engineering investigation is appropriate to avoid encountering geotechnical conditions that can
adversely affect the project. Additionally, geotechnical information is needed by other
disciplines to better understand impacts of the various alignments, make informed and effective
decisions for alignment, and assist with scoping for the next phase.

Adverse geotechnical issues may have an impact on the selection of the preferred
alignment. Some of these include:

Deep or surface mines

Karst topography/carbonate (limestone) geology

Acid-producing rock (APR)

Soft/compressible soils

Talus/colluvium slopes

Landslide prone areas/unstable soils

Undesirable or potentially difficult/costly structure foundation conditions
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e High water bearing zones or confined artesian aquifers
e Soluble rock such as claystone

From a geotechnical standpoint, alignments that avoid or minimize these adverse or
unfavorable issues are preferred. However, avoidance of adverse geotechnical conditions is not
always an option when selecting the preferred alignment because of other issues, such as
environmental, cultural and economic.

1.2.3 Scope of Work

The geotechnical scope of work will vary for projects depending upon the size and
complexity of the project. Development of a meaningful, project specific geotechnical scope of
work is somewhat dependent upon the geotechnical information available at the time of scoping.
During the Alternatives Analysis Phase, new alignments are being considered, and there most
likely will be no site-specific subsurface information from earlier studies available at the time of
scoping. However, a reasonable assessment of the geotechnical effort required at the Alternatives
Analysis Phase can be done by the DGE using available information and a field view of the
project area. Available information at this phase of the project will include some or all the
following:

Conceptual roadway plans, profiles and cross-sections
Subsurface information from a nearby project

Topographic mapping

Published soils and geologic information

Aerial photography

Soil and rock viewed in natural slopes/outcrops or nearby cuts
Performance of existing cuts, fills and structures in the area

Guidance for using published information and performing site visits/reconnaissance is
provided in Chapter 2 of this publication.

A project located in mountainous terrain (i.e., most likely deep cuts and high fills) will
require a significant level of geotechnical effort during the Alternatives Analysis Phase to assess
subsurface conditions and geotechnical considerations. Similarly, a fairly significant level of
geotechnical effort can be expected during the Alternatives Analysis Phase if the project area is
underlain by carbonate (limestone) bedrock, mined areas, acid-producing rock, complex/folded
geology, if the project area contains colluvium/talus or landslide prone areas, or other complex or
difficult geotechnical conditions exist.

Regardless of the size and complexity of the project, the following minimum
geotechnical tasks are required and must be included in the scope of work for the Alternatives
Analysis Phase of the project:

1. Review proposed plans, profiles and sections of alignment alternatives

2. Review available geotechnical information
3. Conduct field reconnaissance
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4. Evaluate information/provide conceptual design recommendations
5. Compare (pros and cons) alternatives
6. Prepare Geotechnical Alternatives Analysis Report

Depending upon the specific circumstances and condition of the project, or anticipated
complexity of subsurface conditions, additional geotechnical tasks may be necessary. Possible
other geotechnical tasks that may need to be completed during the Alternatives Analysis Phase
may include, but are not limited to:

7. Plan, implement, and supervise subsurface exploration program
8. Perform laboratory testing (soil, rock and water)

9. Interpret data from subsurface and laboratory testing programs
10. Perform engineering analyses

Performing these tasks during the Alternatives Analysis Phase is also beneficial because
it will provide useful information for the geotechnical scoping process for the Preliminary
Design Phase, and this information can most likely be used during the Preliminary Design Phase.
Note that geotechnical tasks performed during the Alternatives Analysis Phase must be
according to other Department manuals/publications, including Publication 10 (DM-1).

1.2.4 Required Geotechnical Tasks

As indicated above, several geotechnical tasks are required during the Alternatives
Analysis Phase of a project. A detailed discussion of these tasks is provided below, and guidance
for performing these tasks is included in subsequent chapters of this publication. These tasks are
listed in the general order in which they should be performed, although some tasks can be
performed simultaneously, or may be somewhat iterative.

While performing these tasks, it is important to communicate with other disciplines (e.g.,
roadway, environmental and bridge, etc.) involved with the project to ensure geotechnical issues
related to their work are addressed and that the needs and constraints of these disciplines are
considered. As examples, roadway designers will need conceptual cut and fill slopes for
estimating limits of disturbance, ROW considerations, and soil/rock shrink/swell factors for
earthwork balance. Bridge designers will need input on anticipated foundation types for
structures.

Before starting the geotechnical work, it is desirable for a kickoff meeting to be held to:

Review the geotechnical scope of work

Estimate time frame to complete the work

Discuss deliverables that will be prepared and the format of these deliverables
Establish deliverable review process and anticipated progress/review meetings.

At a minimum, the PGM and the DGE should participate. For larger and more complex
projects, it may be beneficial to have other individuals involved with the project participate.
These may include PPM’s and consultants, highway designers, bridge engineers, environmental
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engineers, and others. When all involved parties have a clear understanding from the beginning
of the anticipated, both general and specific, geotechnical activities, it will help to ensure all
necessary work is completed within the required timeframe, achieve the desired standard of
quality, and minimize the level of conflict between competing project needs.

1.2.4.1 Review of Plans, Profiles and Sections

The first geotechnical task is review of the conceptual plans, profiles and typical cross-
sections of the proposed alignments. These will provide an indication of the complexity of the
project from a geotechnical standpoint. If conceptual plans indicate relatively gentle terrain and
low proposed cut depths and fill heights, these alignments will generally be less complex
geotechnically compared to alignments in steep terrain with proposed deep cuts and high fills.
Landforms and terrain (i.e., geomorphology) are the first window or indicator of subsurface
conditions and should be studied carefully for the information it can offer. However, keep in
mind that although steep terrain is an indication of a geotechnically complex alignment/project,
geotechnical issues can also be present in areas of gentle terrain. These include karst topography
(i.e., limestone geology), mining, soft soils and others. The geomorphology is only an indicator.

Review of the conceptual alignment plans will also provide an indication of areas where
subsequent geotechnical tasks (i.e., reconnaissance and possibly subsurface exploration) should
be concentrated. These areas include deep cuts, high fills, low lying/wetland areas, areas of
irregular topography, etc., that may provide an indication of other potential problem areas.

1.2.4.2 Review of Available Geotechnical Information

Once the proposed alignments are reviewed, available geotechnical data must be obtained
and reviewed. Consultants must request from the Department, if available, geotechnical data
obtained from previous studies, or geotechnical data from adjacent projects that may be useful.
Additionally, research of published topographic, soil and geologic information must be done. At
a minimum, the following information/sources must be reviewed:

Topographic maps — both published and site-specific project mapping, if available
Aerial photography

USDA Soil Survey

Bedrock formations and structural features

DCNR - Acid-Producing Rock map

Open File Reports, if available/applicable

Mine Maps, if available/applicable

Other available information/sources

All pertinent geotechnical information obtained must be placed on project mapping to
graphically show its location with respect to the proposed alignments. This provides a good
summary of the information obtained and is very useful for performing the field reconnaissance
task. The PA Department of Conservation and Natural Resources, Bureau of Geologic Survey,
has an extensive library, and is an excellent source of geologic data. Chapter 2 of this publication
includes guidance on searching/obtaining available information.
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1.2.4.3 Field Reconnaissance

After review of the proposed alignments and available geotechnical information, field
reconnaissance of the proposed alignments, including structure locations, is required. Ideally,
perform field reconnaissance after the alignments have been field located with flagging/stakes by
others. Reconnaissance of all alignments is required, and the full length of the alignments must
be viewed. However, concentrate on portions of the alignments identified during the review of
available information (both geotechnical/geologic information and proposed construction) as
potentially significant from a geotechnical point of view. Examples include:

e Contours indicating contrasting steep and flat terrain, or hummocky ground may
indicate landsliding and/or rock outcrops

e Aerial photographs indicating lush vegetation may indicate seeps and springs

e Mapped sinkholes, landslides, mines, spoil piles, etc. must be viewed during
reconnaissance.

e Areas of gently rolling terrain are often favorable, but they may also be an
indicator of subsurface conditions unable to support steep slopes

e Rapidly changing contours and bodies of water (streams and rivers) may indicate
rapidly changing subsurface conditions

If significant rock cuts are proposed along an alignment obtain representative rock
discontinuity (bedding and joints) measurements from outcrops or cut slopes. These
measurements can be used in a conceptual design stereonet analysis to estimate permissible rock
cut slopes. Estimating slopes of deep rock cuts are valuable in determining approximate required
limits of disturbance and earthwork balance.

Locate pertinent geotechnical features observed during field reconnaissance on project
mapping. A camera and a hand- held GPS unit are very useful for performing this task, and a
high level of accuracy is not necessary at this phase of the project. If necessary, flag areas of
interest and use conventional survey to locate features on project mapping. Reconnaissance
performed during the Alternatives Analysis Phase is intended to identify significant
features that may have an influence on the selection of the preferred alignment and assist
in scoping for the next phase of design. More detailed field reconnaissance will be conducted
during the Preliminary Design Phase once the preferred alignment has been selected.

1.2.4.4 Evaluate Information/Provide Conceptual Design Recommendations

Once all available geotechnical information is obtained it must be evaluated in order to
provide conceptual design recommendations. These conceptual design recommendations will be
used by other designers (e.g., roadway, bridge, environmental, etc.) to help estimate the impacts
and costs of the various alignments. Since site specific subsurface information may not be
available, it is likely that the conceptual design recommendations will be based on engineering
judgment and a careful assessment of available information and observations rather than direct
engineering analyses. If enough information is available, analyses may be useful to develop
conceptual design recommendations.
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Communicate with other designers on the project when developing recommendations to
determine their specific needs and constraints, and to communicate geotechnical related needs,
constraints or limitations to them. Some conceptual design recommendations that will most
likely be needed by others include:

e Embankment fill slopes and soil/rock cut slopes

e Shrink/swell factors for soil and rock

e Embankment foundation stabilization (i.e., over-excavation or ground

improvement)

Subgrade stabilization (e.g., over-excavation, lime, cement, etc.)

Discussion of subgrade for pavement design

Embankment surcharge, quarantine, wick/sand drains

Void (i.e., limestone or mining) stabilization

Non-standard treatments (e.g., extra depth sidehill benching, embankment toe

trenches, etc.)

Anticipated structure foundations

e Anticipated retaining wall types (e.g., MSE, cast-in-place, soldier beam and
lagging, etc.)

It is important to consider any information or conditions that may provide an indication
of potential problems. The information or conditions may have implications on alignment
selection or future design and construction requirements. Scrutinize available information
regarding the potential for encountering otherwise unforeseen conditions that may have major
implications on the alignment selection, or future design and construction requirements.

1.2.4.5 Compare (Pros and Cons) Alignments

Finally, in addition to using the geotechnical information gathered to provide conceptual
design recommendations, assess the pros and cons of the various alignments from a geotechnical
standpoint. This process provides decision makers with a simple and direct tool for comparing
geotechnical alternatives, making it one of the most valuable products of the geotechnical portion
of the alternatives assessment. Favorable geotechnical conditions may include:

Flat bedded geology

Non-soluble bedrock

Level or gently sloping terrain with low height fills and/or low depth cuts
Medium to dense free draining granular overburden

Conversely, unfavorable geotechnical conditions may include:

Steeply dipping and/or folded geology

Soluble/carbonate/pinnacled bedrock (i.e., limestone, dolomite, marble)
Irregular and/or steep terrain with high fills, sidehill fills and/or deep cuts
Talus, loose granular overburden, and/or soft fine-grained overburden
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1.2.4.6 Geotechnical Alternatives Analysis Report

Upon completion of the above tasks, and assuming no other geotechnical tasks are
included in the scope of work, a Geotechnical Alternatives Analysis Report must be prepared. If
other geotechnical tasks are required, as discussed in Section 1.2.5 below, this report must
include the results of those tasks as well.

The Geotechnical Alternatives Analysis Report must document all work conducted and
information obtained during this phase. Present findings on project mapping when possible.
Provide conceptual design roadway/bridge recommendations and construction considerations
and discuss the favorable and unfavorable geotechnical aspects associated with each alignment.
Findings should be presented in a manner that serves the function and purpose of the study,
assessing alternatives and the implications of the various alternatives from a geotechnical impact
perspective, while keeping the overall project goals and proposed construction in mind. A
detailed discussion of the format and content of this report is provided in Section 1.5.

1.2.5 Additional Geotechnical Tasks

Performing a subsurface exploration and laboratory testing program may be beneficial
during the Alternatives Analysis Phase to better understand the subsurface conditions along the
proposed alignments. Also, with site specific subsurface information, a higher level of
engineering analyses can be performed to better estimate the geotechnical impacts on the project.
Whether these tasks are undertaken requires careful consideration of the potential impact the
geotechnical conditions may have on the project, and more importantly the impact that these
conditions will have on selecting the desired alternative. If other factors (e.g., environmental,
cultural, etc.) are driving the decision, subsurface explorations may be limited, or may
concentrate on the more likely candidate(s) to be selected. The efforts should support the
selection where possible, fully identify challenges with alternatives, and provide a basis of
scoping for the next phase. In all cases, if/when enough geotechnical information has been
obtained to eliminate an alternative (and other overriding considerations for that alternative do
not exist) then geotechnical investigation for that alternative should cease immediately.

Performing these additional tasks (i.e., subsurface exploration, laboratory testing, and
engineering analyses) during the Alternatives Analysis Phase should be considered for all
projects and are strongly encouraged for complex projects. These complex projects include those
with alignments located in:

Folded, pinnacled or carbonate geology

Steep terrain

Talus/colluvium slopes

Landslide prone areas

Mined (surface or deep) areas

Acid-producing rock/soil, or other problematic deposits
Urban areas
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1.2.5.1 Subsurface Exploration Program

A subsurface exploration is done during the Alternatives Analysis Phase to better define
the subsurface conditions along the proposed alignments. The subsurface exploration will
normally include borings, but other investigation methods, like test pits or geophysics, should be
considered when of significant value in assessing alternatives. These methods are discussed in
detail in Chapter 3 of this publication. Note that a “Subsurface Exploration Planning
Submission” must be prepared, submitted, and approved before performing this work.

Borings should be generously spaced (i.e., typically 1,000 feet or more) along the
alignments because a detailed subsurface exploration for the selected alignment will be
performed during the Preliminary and/or Final Design Phase. At least one boring should be
performed at each proposed structure location. Include a minimum two contingency borings in
the core boring contract. More importantly, borings should be concentrated in the more complex
areas of the alignments, or areas of proposed alignments that are significant in alternative
analyses, comparison, and selection. Such areas may include items such as:

Proposed deep cuts and/or high fills

Steep terrain and landslide prone areas
Deep and surface mined areas

Avreas of sinkholes and other karst features
Presence of acid-producing rock

Structure locations

Waterways

The subsurface information obtained will provide soil and rock samples for visual
classification/identification and laboratory testing and will give an indication of groundwater
level. The subsurface information will also aid to:

e Estimate permissible cut and fill slopes

e Determine if construction on steep terrain will be problematic and if special
construction details will be likely

e Estimate soil shrink and rock swell factors

e Verify mine maps and determine condition of mined areas

e Determine condition of carbonate bedrock (e.g., solutioning, voids, pinnacles,
etc.)

e Identify acid-producing rock

e Determine permissible and anticipated structure foundation types

Again, the subsurface exploration for an alignment must be stopped if, at any time,

enough information has been obtained to deem an alignment favorable or unfavorable. This
determination will have to be made by the PPM and the DGE in consultation with the PGM.
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1.2.5.2 Laboratory Testing Program

A limited laboratory testing program will typically be sufficient for the Alternatives
Analysis Phase because a detailed program for the selected alignment will be performed during
the Preliminary and/or Final Design Phase. At minimum, natural water content, grain size
distribution, hydrometer analysis and Atterberg limits of selected samples collected during the
subsurface exploration must be performed in the laboratory to confirm field classifications. In
some cases, consolidation, shear strength and corrosion testing may be necessary for the
evaluation of alignment alternatives.

Rock and water testing may also be necessary during this phase. If acid-producing rock is
anticipated based on published information or identified during drilling, testing should be done to
estimate the acid-producing potential. Rock strength and water corrosion testing may also be
useful in some instances.

1.2.5.3 Interpretation of Data

Interpretation of the subsurface and laboratory testing information will be required to
determine its significance on the proposed alignments. Certain qualitative judgments can be
made directly from the test results. For example, loose, cohesionless soils should be cut fairly flat
to be stable, are prone to erosion, and will experience immediate settlement if loaded. Cohesive
soils may experience consolidation settlement if loaded, could be unstable if loaded too rapidly,
and can be problematic to use as fill. In addition to qualitative judgment, engineering parameters
can be estimated based on the data obtained from subsurface and laboratory testing programs.
These parameters can be used in performing engineering analyses.

1.2.5.4 Engineering Analyses

Limited quantitative geotechnical analyses are typically required during the Alternatives
Analysis Phase. However, in some instances, conceptual design analyses may be beneficial,
particularly when site specific subsurface information is available. There are a variety of issues
or conditions that may require or be highly beneficial to conduct preliminary analysis. For
example, a slope stability analysis is used to determine if proposed fills and cuts (due to
alignment changes) or existing slopes are stable, or if remediation is required to achieve a stable
slope. Slope stability and stereonet analyses can also provide a better indication of required cut
and fill slopes to help estimate limits of disturbance, compared to simply using engineering
judgment, and these analyses can aid in identifying ROW needs and supporting preliminary cost
estimates. Such cost estimates may be for comparing treatments for a given alternative or
comparing alternatives. In either case, preliminary analysis may be required to provide reliable
estimates for cost. Additionally, consolidation settlement analyses can indicate if embankment
guarantines, surcharges, and/or wick/sand drains may be required.

It is important that analyses performed are done only for conceptual design purposes to
help identify favorable and unfavorable geotechnical aspects of the various alignments and to
provide conceptual design recommendations needed by other designers. Detailed analyses will
be performed on the selected alignment during the Preliminary and/or Final Design Phases.
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As indicated in Section 1.2.4.6, information obtained from subsurface exploration and
laboratory testing programs, interpretation of this data, and results of engineering analyses must
be presented in the Geotechnical Alternatives Analysis Report, and as with any engineering
analyses, must support the conclusions and recommendation provided in the report.

1.2.5.5 Other Possible Tasks

Depending upon the proposed construction and site-specific conditions, tasks in addition
to those discussed above may be required. For example, an inventory and/or survey of water
wells and springs to assess potential impacts from construction may be useful. If blasting is
anticipated for construction, an evaluation of possible damage to nearby structures (e.g., houses,
businesses, etc.) may be helpful for selecting the preferred alignment. These types of tasks
should be identified during the scoping process, if possible, or otherwise supplemented to the
scope of work when identified.

1.2.6 Structures

Much of the discussion in Section 1.2 of this publication has focused on geotechnical
engineering with respect to roadways. Structures, including structure foundations, are also an
important consideration when studying the pros and cons of various roadway alignment
alternatives or design options. Also, refer to Section 1.3.5 of this publication for discussion on
the final design subsurface investigation for structure foundations.

1.2.7 Geotechnical Alternatives Analysis Phase Deliverables

The subsurface exploration plan submission, if appropriate, would include a summary
and supporting documentation from the review of available geotechnical information, the
results/findings of field reconnaissance, and the proposed subsurface exploration plan(s) for the
alternatives (including proposed boring layout, proposed types and depth of borings, proposed
depth into rocks) and any other pertinent information that lends justification and/or supports the
proposed subsurface exploration. The submission must include a brief justification of the project
scope and needs.

The Preliminary GER submission would include all subsurface exploration findings (e.g.,
boring logs, test pit logs, field testing results, etc.) and any available lab test results, analysis of
subsurface findings, and lab test results relative to the proposed recommendations (including any
preliminary recommendations for structures, as appropriate).

The Alternatives Analysis report would include the various foundation alternatives
considered, their location, the advantages and disadvantages of alternative and approximate cost.
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1.3 GEOTECHNICAL ENGINEERING - PRELIMINARY DESIGN PHASE

1.3.1 Introduction

The Preliminary Design Phase commences once the preferred alignment has been
selected. The preferred alignment may have been selected from the Alternatives Analysis Phase
of the project, or some variation thereof, in which case geotechnical engineering during the
Preliminary Design Phase will be done as necessary to augment previously obtained information.
If the project alignment was selected from the onset (i.e., widening or rehabilitation projects)
geotechnical engineering will commence during the Preliminary Design Phase. Similar to the
Alternatives Analysis Phase, the Preliminary Design Phase is performed during Step 6 of the
PennDOT Project Delivery Process.

The PGM and DGE must communicate throughout the Preliminary Design Phase to
ensure that the Department is aware of the subsurface conditions encountered, the results of the
analyses performed, and the proposed recommendations. Considerable effort and valuable time
can be saved by the PGM periodically updating the DGE instead of presenting all this
information to the DGE for the first time in the final report. It is desired that the process be
highly collaborative, with the report reflecting such collaboration and interaction. When
collaboration and communication are effective, the resulting report should require minimal
review and editing.

1.3.2 Purpose

The purpose of geotechnical engineering during the Preliminary Design
Phase/Preliminary Engineering is to:

e Allow development of preliminary recommendations (to be fully expanded in
final design)

e Aid in the development of Line, Grade and Typical Sections, and the Design Field
View Submission

e Support the environmental studies

e Develop a detailed Scope of Work for Final Design Phase (outcome of primarily
the first bullet)

For major projects that involve construction of new alignment or total reconstruction of
an existing facility, development of line, grade and typical section is generally the most extensive
Preliminary Engineering activity and is a major part of the Design Field View Submission. Line,
grade and typical section affect most aspects of a projects design and environmental issues
because it establishes lateral and longitudinal impact limits. The project subsurface conditions,
and ultimately the geotechnical design recommendations (e.g., permissible cut and fill slopes,
shrink/swell factors, anticipated structure foundations, etc.), will influence line, grade and typical
section, and sometimes significantly. Consequently, a good understanding of the subsurface
conditions and some level of geotechnical engineering is critical during the Preliminary Design
Phase of the project. Geotechnical effort during the Preliminary Design Phase also helps to
define the environmental impacts of a project and will allow the development of a detailed Scope
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of Work for Final Design. For small, less complex projects, only limited geotechnical
engineering may be required during the Preliminary Design Phase; however, it is generally
desirable to complete as much of the geotechnical work as possible during this Preliminary
Design Phase. Project specific conditions and requirements will dictate the required level of
effort.

1.3.3 Scope of Work

The geotechnical scope of work will vary for projects depending upon size and
complexity of the project. Development of a meaningful, project specific geotechnical scope of
work is dependent upon the geotechnical information available at the time of scoping. Projects
with an Alternatives Analysis Phase will most likely have some level of site-specific
geotechnical information available, including a Geotechnical Alternatives Analysis Report, for
developing a detailed scope of work for the Preliminary Design Phase. Projects that did not have
any geotechnical work before the Preliminary Design Phase will have to rely on any existing
sources of available information, along with a very clear understanding of the project objectives,
to prepare the scope of work. Refer to Section 1.2.3 for guidance on possible sources of
geotechnical information.

The amount of geotechnical work performed in the Preliminary Design Phase depends
upon several factors, including but not limited to, the nature and scope of the proposed
construction, the contract agreement (scope and budget) between the Department and consultant,
project schedule, certainty in the line, grade, and location of structures, and when approvals (e.qg.,
Environmental Clearance, Design Field View, TS&L, etc.) are obtained. Perform as much
geotechnical engineering as possible during the Preliminary Design Phase because:

1. Adequate geotechnical engineering helps ensure that the line and grade developed
for the Design Field View Submission, and estimated environmental impacts, will
best represent final conditions. This minimizes changes required to line and grade,
typical sections, environmental impacts, etc. during the Final Design Phase.

2. Geotechnical recommendations are used by designers to complete their work.
Early development of geotechnical recommendations allows designers to
complete their tasks while understanding how geotechnical requirements impact
other project requirements.

3. Meaningful geotechnical recommendations are dependent on adequate quantity
and quality of information obtained from subsurface exploration and laboratory
testing programs. These programs generally take considerable time to plan and
execute (i.e., typically, a minimum six weeks for small projects and possibly
six months or more for large projects). Performing a significant amount of work
during the Preliminary Design Phase expedites completion and aids in improving
the quality of the Final Design Phase.

The geotechnical tasks below must be included in the scope of work for the Preliminary
Design Phase of the project. If an Alternatives Analysis Phase preceded the Preliminary Design
Phase, several of these tasks should have already been performed, either partially or in entirety.
If the tasks below were performed previously, do not duplicate work already performed.
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However, it is likely that some previous efforts may have to be augmented to provide the level of
detail necessary for these tasks to advance the geotechnical design to the next phase.

Review proposed plans, profiles and sections

Review available geotechnical information

Conduct field reconnaissance

Plan, implement, and supervise subsurface exploration program

Plan and perform laboratory testing program (soil, rock and water)
Interpret data from subsurface exploration and laboratory testing programs
Perform engineering analyses

Provide geotechnical design recommendations

Prepare Preliminary Geotechnical Engineering Report

CoNor~LNE

A detailed discussion of these geotechnical tasks is provided below. It should be noted
that performing these tasks during the Preliminary Design Phase is also beneficial because it will
provide useful information for the geotechnical scoping process for the Final Design Phase.
Additionally, geotechnical information obtained during this phase will be used during the Final
Design Phase, and gives a head start to a variety of other design activities that require
geotechnical information, thereby assisting efficient project delivery.

1.3.4 Required Geotechnical Tasks

As indicated above, numerous geotechnical tasks are required during the Preliminary
Design Phase of a project. Guidance for performing these tasks is included in subsequent
chapters of this publication. These tasks are listed in the general order in which they should be
performed, although some tasks can be performed simultaneously, or in some cases, may be
iterative and incremental.

While performing these tasks, it is important to communicate with other disciplines (e.g.,
roadway, environmental, bridge, etc.) involved with the project to ensure geotechnical issues
related to their work are addressed in an effective and timely manner. As examples, roadway
designers may need special designs/details for steepened embankment and/or cut slopes to avoid
wetlands or to stay within right of way. Bridge designers will need input on anticipated
foundation types for structures and anticipated retaining wall types. It is crucial to avoid “the
failure to communicate.”

Before starting the geotechnical work, a kickoff meeting must be held to:

Review the geotechnical scope of work

Estimate time frame to complete the work

Discuss deliverables that will be prepared

Establish the deliverable review process and anticipated progress/review
meetings.

Again, regular interaction and communication before preparation of deliverables (bullet
No. 3), will greatly reduce efforts required for bullet No. 4. At a minimum, the PGM and the
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DGE must communicate regularly. For larger and more complex projects, it may be beneficial to
have other individuals involved with the project be included in these communications via
meetings, conference calls, etc. These individuals may include consultant and Department
project managers, highway designers, bridge engineers, environmental engineers, and others. All
involved parties having a clear understanding of the anticipated geotechnical activities from the
onset will help to ensure all necessary work is completed within the required timeframe.

If a consultant is performing this work, the product must be according to the direction of,
meet the needs of, and serve the client — the Department. Department staff should not forget that
open communication, clear and frequent direction, reasonable expectations, and above all,
consistency, are necessary for a consultant to provide an efficient and effective product. These
are not mutually exclusive limitations or constraints; rather they form the basis for mutual
respect and a successful team effort. Finally, both parties must understand that “direction” does
not equate to either lack of independent thought or action, nor decrees and demands. It is
providing the necessary guidance leading to the ultimate acceptance of the product. The ultimate
acceptance may sometimes require setting necessary limitations to facilitate acceptance and
approval; however, such limitations must be accompanied by sound reasoning and justification.

1.3.4.1 Review of Proposed Alignment Plans, Profiles and Sections

The first geotechnical task is review of the proposed alignment plans, profiles and
sections. As indicated in Section 1.2.4.1 of the Alternatives Analysis Phase, this review will
provide an indication of the complexity of the project and an indication of areas where
subsequent geotechnical tasks (e.g., reconnaissance, subsurface exploration, etc.) should be
concentrated.

1.3.4.2 Review of Available Geotechnical Information

Once the proposed alignment has been reviewed, available geotechnical data must be
obtained and reviewed. If an Alternatives Analyses Phase was completed, this task should have
already been completed and possibly augmented with a subsurface exploration during
Alternatives Analysis. If so, review the Geotechnical Alternatives Analysis Report for pertinent
information. If it appears all available geotechnical information for the proposed alignment was
not previously reviewed, research, obtain and synthesize any necessary additional information.

If there was not an Alternatives Analysis Phase or this task was not completed during the
Alternatives Analysis Phase, a thorough search and review must be completed. Consultants must
request from the Department, if available, geotechnical data obtained from previous studies or
projects, or geotechnical data from adjacent projects that may be useful. Additionally, research of
published topographic, soil and geologic information must be done. At a minimum, the following
information/sources must be reviewed:

Topographic maps — both published and site-specific project mapping, if available
Aerial photography

USDA Soil Survey

Bedrock formations and structural features
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DCNR — Acid-Producing Rock map
Open File Reports — if available/applicable
Mine Maps — if available/applicable
e Other available information/sources

All pertinent geotechnical information obtained must be identified on the project map(s)
to graphically show its location with respect to the proposed alignment. Regional mapping data
(e.g., geology, soils, mining, etc.) can be shown on separate maps, provided the proposed
roadway alignment is shown. Sources of discrete data should be identified by location on a map,
preferably the project map(s), with the proposed alignment shown. Additionally, a discussion
must be in the proposed Subsurface Exploration Plan, along with any necessary summary of
data, figures or appendices. This provides a clear summary of the information obtained. This
information is also very useful for performing the field reconnaissance task and planning any
necessary subsurface explorations. Chapter 2 of this publication includes guidance on
searching/obtaining available information.

1.3.4.3 Field Reconnaissance

Once available geotechnical information is reviewed, a thorough site reconnaissance
must be completed. If an Alternatives Analyses Phase was completed, a site reconnaissance
should have been performed. If this is the case, a more thorough reconnaissance of the proposed
alignment is usually required during the Preliminary Design Phase depending upon the
complexity of the project and the findings from previous reconnaissance. A thorough site
reconnaissance is critical during the Preliminary Design Phase and before the preparation of the
subsurface exploration program. It is worth noting that some level of site reconnaissance is
necessary during each phase of design to be able to relate the site in context with the proposed
design and construction. Foregoing this step in any phase is an invitation to missed opportunities
and future problems.

If there was not an Alternatives Analysis Phase, or this task was not completed during the
Alternatives Analysis Phase, a thorough field reconnaissance must be completed at this time.
Ideally, perform field reconnaissance after the alignment has been marked with flagging/stakes
by others. If staking is not complete, then adequate mapping must be available showing the
proposed alignment over local topography, roadways, and other relevant and identifiable
physical features and landforms. Reconnaissance of the full length of the alignment must be
performed. Ensure that areas identified during the review of available information as potentially
significant from a geotechnical point of view are closely viewed. As examples:

e Contours depicting steep terrain or hummocky ground may indicate landsliding.
and/or rock outcrops

e Lush vegetation seen on aerial photographs may indicate seeps and springs

e Mapped sinkholes, landslides, mines, spoil piles, etc. must be viewed during
reconnaissance.
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If rock cuts are proposed obtain rock discontinuity and structure measurements from
outcrops or existing rock cut slopes. These are required for use in stereonet analyses to provide
rock cut slope recommendations.

Locate pertinent geotechnical features observed during field reconnaissance on project
mapping. A hand- held GPS unit is very useful for performing this task and may provide an
acceptable level of accuracy. If necessary, flag areas of interest and use conventional survey to
locate features on project mapping.

1.3.4.4 Subsurface Exploration Program

It is highly recommended and strongly encouraged to perform as comprehensive of a
subsurface exploration program as possible during the Preliminary Design Phase. As previously
indicated, meaningful geotechnical engineering, and corresponding recommendations, are highly
dependent on adequate and quality subsurface information, including enough laboratory testing
of materials. Obtaining this information during the Preliminary Design Phase will help minimize
design changes and environmental impacts related to geotechnical issues during the Final Design
Phase, improve the overall quality of design, improve the flow and efficiency of the final design
process, and result in fewer problems during construction. Additionally, the subsurface
exploration program generally takes considerable time to plan and execute and performing this
work during the Preliminary Design Phase is helpful in expediting the overall Final Design Phase
of the project.

The level of subsurface exploration performed will be dependent upon numerous things,
including the certainty of the line, grade and/or structure locations. A comprehensive subsurface
exploration program should be performed when these are fairly well established, and it is
unlikely that changes will be made. Conversely, if line and grade and/or structure locations are
not well established and significant changes are possible, then a less comprehensive subsurface
exploration program should be considered since some of the subsurface exploration effort may
not be applicable to the revised/final line and grade. Requirements for subsurface explorations
are included in Chapter 3 of this publication.

Always perform a comprehensive subsurface exploration consistent with the project
needs, project size, type of construction, anticipated geology and available subsurface
information. Large, complex projects, such as new alignments or lengthy widening projects will
generally require a more extensive subsurface exploration. Enough exploration must be
performed to aid in the development of the line and grade and estimate environmental impacts
and right-of-way needs. Perform a subsurface exploration program that provides a reasonable
understanding of the subsurface conditions. Investigations must be performed along the entire
alignment. More detailed or closely spaced investigations must be performed in geotechnical
areas of interest identified during the search of available information, reconnaissance, and
previous investigations, and in areas of proposed high fills and deep cuts, or other potential
problem, high risk, or high investment areas (e.g., structure foundations or areas of high cost
construction where failures cannot be tolerated or would be costly and/or damaging, etc.). If a
comprehensive subsurface exploration program is not performed during this phase, additional
borings will be required during the Final Design Phase to finalize geotechnical design
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recommendations. Even if a comprehensive exploration is performed during the Preliminary
Design Phase, some limited additional subsurface exploration may be required to finalize
geotechnical recommendations and details during the Final Design Phase.

For small, less complex projects, such as short widening and rehabilitation projects, a
single subsurface exploration program, performed either during the Preliminary or Final Design
Phase, should be adequate for the project. If possible, it is preferred to perform the investigation
during the Preliminary Design Phase. Utilize the Accelerated Acquisition of Drilling and Testing
Service option presented in Publication 222, Section 4.5, if the estimated cost of the subsurface
exploration program satisfies the requirements.

A comprehensive subsurface exploration for structures should also be performed as soon
as possible. If structure layouts are approved (i.e., TS&L or Conceptual TS&L approval) it is
recommended to perform a complete structure subsurface exploration during the Preliminary
Design Phase. At a minimum, perform at least one boring at each proposed bridge and culvert
location during the Preliminary Design Phase. For multiple span bridges, it is recommended to
perform two or more borings to obtain a subsurface profile along the bridge. Communicate with
bridge engineers to estimate likely substructure locations. Consider performing boring(s) at each
anticipated substructure location (minimum of two borings per substructure unit preferred); these
borings would frequently be adequate for final foundation design. The number of borings
required will vary depending on the size of the structure, the project scope, and the specific site-
specific geologic conditions. For retaining walls and sound barrier walls, at a minimum, space
borings to obtain a general understanding of the subsurface conditions at the proposed walls.
Structure borings will also likely be useful for geotechnical roadway design purposes.

The DGE must be kept informed of the progress and results of the subsurface
exploration. In particular, any unusual or unforeseen conditions encountered must be
immediately discussed with the DGE, especially findings that may require adjusting or
modifying the approved subsurface exploration plan. Before the completion of the subsurface
exploration, the findings must be discussed with the DGE to determine if additional explorations
are necessary before demobilization. For large projects a meeting in the field to review soil and
rock samples may be beneficial. Smaller projects may not require a meeting at the site.
Electronic correspondence, an office meeting, and/or a telephone conference may be adequate.

The proposed subsurface exploration program must be reviewed and approved by the
DGE. The subsurface exploration contract and work must be done according to Publication 222.
Specifications for proposed work that is not addressed in Publication 222 must be developed by
the PGM and reviewed and approved by the DGE.

If available, environmental documents must be reviewed and discussed with those
performing the environmental work for the project to assess the potential for encountering
hazardous waste on the project. If encountering hazardous waste during the subsurface
exploration is anticipated, the subsurface exploration program must be performed under a Health
and Safety Plan (HASP) as indicated in Publication 222. The HASP must be prepared by the
PGM and reviewed and approved by the DGE. For complex projects, the HASP may also be
reviewed by the District Environmental Manager. If hazardous waste is encountered or suspected
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during the subsurface exploration program, the exploration must be stopped immediately and the
PGM must notify the DGE.

1.3.4.5 Laboratory Testing Program

As with the subsurface exploration, the laboratory testing program must be consistent
with the project needs, size and type of construction, and above all, should reflect the findings of
the borings. The amount of laboratory testing performed will generally be consistent with the
level of the subsurface exploration program. If a large subsurface exploration program is
performed, then a more extensive laboratory testing program is likely necessary. Conversely, if
only a limited subsurface exploration is performed, then a limited laboratory testing program will
most likely be enough. See Chapter 4 of this publication for guidelines on laboratory testing.

All proposed laboratory testing must be reviewed and approved by the DGE before
performing the tests. All testing must be conducted in a laboratory accredited by the AASHTO
Materials Reference Laboratory (AMRL) for the individual test methods that are conducted. All
original test data, calculations, graphical plots and other relevant information must be presented
with the test results. The test method (AASHTO/ASTM) and sample source (SR, Section, boring
number, sample number and depth) must also be indicated.

1.3.4.6 Interpretation of Data

All information obtained from subsurface exploration and laboratory testing programs
performed must be interpreted for use in analyses. The biggest and most consistent omission
(failure) in geotechnical designs is the poor use of available subsurface information and
laboratory testing. Failure to fully and adequately use this information can and has resulted in
poor designs, recommendations, details and specifications, and problems later during
construction.

If a subsurface exploration and/or laboratory testing program were performed during this
design phase, the information obtained from these must be interpreted for use in analyses.
Interpretation includes identifying and delineating subsurface strata and assigning engineering
properties and design parameters (e.g., internal friction angle, cohesion, unit weight,
consolidation parameters, etc.). It is preferred and recommended that this interpretation be done
during the Preliminary Design Phase, even if the analyses will not be completed until the Final
Design Phase. Interpreting the subsurface information during the Preliminary Design Phase will
provide the DGE adequate time to review the recommended subsurface engineering properties
before performing analyses. Provide the interpretation (identification and delineation of
subsurface strata) and recommended engineering properties and design parameters to the DGE
for review and approval.

Subsurface information obtained from the investigation must be graphically shown on
profiles and/or cross-sections where it aids in interpretation of subsurface conditions. Use gINT
Software for creation of “soil fences” to be placed on the soil profile plans and cross-sections. It
may not be necessary to show all boring information on profiles and cross-sections. At a
minimum, graphically display borings/information that are pertinent to performing analyses,
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developing details, etc. Where the terrain is flat a subsurface profile is usually adequate for
presenting information. In steep or mountainous terrain presenting information on cross-sections
is typically more useful and helpful to understand the subsurface conditions.

Use the results from the subsurface exploration and laboratory testing programs to assign
engineering parameters to the various subsurface strata. Use laboratory and field test results (e.g.,
shear strength, consolidation, unconfined compressive strength (rock), etc.) to directly assign
parameters instead of using published information. If these types of tests were not performed, use
Standard Penetration Test (SPT) results, sieve analysis, Atterberg limits, hydrometer, etc. to
estimate internal friction angle and unit weight from published information. Selection of the
parameters must be consistent with the material encountered. If using SPT to estimate shear
strength parameters, adequate laboratory classifications and hydrometer analyses must be
performed to demonstrate consistency of selected shear strength parameters with materials
encountered. A more conservative approach must also be used where selecting shear strength
parameters in this manner. If unconfined compressive strength tests are not conducted a similar
approach in estimating compressive strength of rock must be used. Rock type, degree of
weathering, quality and general physical condition must be considered, and a conservative
approach should again be adopted. Chapter 5 of this publication provides guidance on selection
of soil and rock parameters.

1.3.4.7 Engineering Analyses

Similar to numerous other geotechnical tasks, the amount or level of geotechnical
engineering analyses performed during the Preliminary Design Phase can vary. Complete
geotechnical engineering analyses should be performed on those projects where line and grade
are well established, and a comprehensive subsurface exploration and laboratory testing program
have been completed. As previously discussed, the advantages to this are there will likely be less
changes to design and environmental impacts related to geotechnical issues during the Final
Design Phase, and it will expedite the overall schedule of the Final Design Phase of the project.
If complete analyses are not performed at this time, they must be completed during the Final
Design Phase. Similarly, if comprehensive subsurface exploration and laboratory testing
programs are not completed during the Preliminary Design Phase, detailed analyses must be
done during the Final Design Phase. In general, as much of the geotechnical work should be
completed during the Preliminary Design Phase as practical, to facilitate the smooth completion
of final design for all other disciplines.

At a minimum, sufficient geotechnical engineering analyses must be performed to aid
development of the Line and Grade and Typical Section Submission, and to support the
environmental studies of the project. If complete geotechnical engineering analyses are
performed at this time, provide all analyses necessary to justify geotechnical design
recommendations and details. Before performing analyses, obtain approval from the DGE on the
subsurface strata and engineering properties established from the interpretation of data (See
Section 1.3.4.6).
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Foundation design/analyses may be done during the Preliminary or Final Design Phase
depending upon when structure layouts are approved, the contract agreement between the
Department and the consultant, and when the subsurface exploration is performed.

1.3.4.8 Geotechnical Design Recommendations

The level of detail to which the geotechnical design recommendations will be developed
will be dependent upon the level to which the subsurface exploration and engineering analyses
have been done. If comprehensive investigations and analyses have been performed, it is
recommended that the geotechnical recommendations be developed as fully as possible and
provided at this time. If enough subsurface information and/or analyses are not available at this
time, then only preliminary recommendations can be provided. At a minimum, preliminary
recommendations needed to develop the Line and Grade and Typical Section Submission are
required to be provided at this time, along with any other recommendations that may be needed
by designers. When preliminary recommendations are provided, they should be conservative to
reduce the likelihood of changes during the final design phase from negatively impacting the
project. For instance, use conservative cut and fill slopes to estimate right-of-way limits and
environmental impacts. A complete list of tasks necessary to complete final design must be
compiled to facilitate scoping of final design.

As previously discussed, communicate with designers using the geotechnical
recommendations to understand how the recommendations are being applied, to make sure all
necessary recommendations are provided, and to resolve conflicts early where recommendations
are incompatible with other project needs. This may require revising geotechnical
recommendations or working with other disciplines to determine what changes should be made
that best serve the project. Additionally, the PGM and DGE must communicate throughout the
development of geotechnical recommendations. Considerable effort and valuable time can be
saved by the PGM and DGE periodically communicating (both directions) instead of presenting
recommendations to the DGE for the first time in the final report.

1.3.4.9 Preliminary Geotechnical Engineering Report

The findings and recommendations from the above-mentioned geotechnical tasks must be
summarized in a report. All supporting data, information, calculations, etc., must be included in
the appendices of the report. Where appropriate use mapping, cross-sections, figures and tables
to show pertinent and important information and recommendations. If a “Geotechnical
Alternatives Analysis Report” was prepared for the project, include any pertinent information
from this report in the “Preliminary Geotechnical Engineering Report”. Also, in this report
provide discussion of geotechnical work items (e.g., investigations, testing, analyses, etc.) that
are recommended to be performed during the Final Design Phase.

Submit a draft of the report to the DGE for review and comment and address all
comments before submitting the final report for approval by the DGE. After all comments have
been resolved and appropriate revisions confirmed, submit copies of the final approved report to
the DGE in the agreed number and format.
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1.3.5 Structures

Much of the discussion in Section 1.3 of this publication has focused on geotechnical
engineering with respect to roadways. Structures, including structure foundations, are also an
important consideration during the Preliminary Design Phase. As discussed several times, it is
highly recommended and preferred to perform geotechnical explorations as early in the design
process as possible. Therefore, if preparation of the TS&L or Conceptual TS&L is part of the
Preliminary Design Phase, then the subsurface exploration for structures should also be
performed at this time.

1.3.6 Preliminary Design Phase Geotechnical Deliverables

The subsurface exploration plan submission would include a summary and supporting
documentation from the review of available geotechnical information, the results/findings of
field reconnaissance, the proposed subsurface exploration plan (including proposed boring
layout, proposed types and depth of borings, proposed depth into rocks, another pertinent
information), and a preliminary lab testing plan., The submission must include a brief, but
comprehensive, analysis/justification of the proposed boring plan and lab testing supported by
available geotechnical information, field reconnaissance, and the project scope and needs.

The Preliminary GER submission would include all subsurface exploration findings (e.g.,
boring logs, test pit logs, field testing results, etc.) and lab test results, analysis of subsurface
findings, and lab test results relative to the proposed recommendations (including any
preliminary recommendations for structures, as appropriate).

For large projects, consideration should be given to requiring a “Geotechnical Findings
Report™. This report would occur between the subsurface exploration plan submission and the
preliminary GER Submission. The report would include all subsurface exploration findings (e.g.,
boring logs, etc.) and lab test results, and include a brief analysis of the results for discussion as
to the proposed direction and elements for preliminary design. The information provided in the
findings report (boring logs and lab test results) would not be repeated in the preliminary GER.

The above submissions should be adequate to cover most projects. However, there may
be other items/information and/or possibly separate submissions, if not covered above, if project
specific needs dictate.

1.4  GEOTECHNICAL ENGINEERING - FINAL DESIGN

1.4.1 Introduction

As specified in DM-1, Design Field View Approval and Design Approval are given at the
end of Step 6 of the PennDOT Project Delivery Process, and these are only given after
Environmental Clearance. Once Design Approval is granted, Final Design, which is included in
Step 7 of the Process, can begin. The amount of geotechnical engineering required during this
step will be dependent upon the amount of work completed during the Preliminary Design Phase.
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The PGM and DGE must communicate with each other and other disciplines throughout
the Final Design Phase to ensure that the Department is aware of the subsurface conditions
encountered, the results of the analyses performed, the proposed recommendations fit project
needs and constraints, and proposed recommendations are fully implemented in the design and
contract documents. Considerable effort and valuable time can be saved by the PGM periodically
updating the DGE instead of presenting all this information to the DGE for the first time in the
final report.

14.2 Purpose

The two main purposes of geotechnical engineering during the Final Design Phase are to
develop geotechnical recommendations for final design of the roadway and/or structures, and to
prepare geotechnical contract documents (e.g., boring plan, profiles, details, special provisions,
etc.). All remaining/outstanding geotechnical work (i.e., work not completed during the
Preliminary Design Phase) must be completed during the Final Design Phase. In many cases,
considerable geotechnical work, including borings, laboratory testing and design calculations
was completed during the Preliminary Design Phase; however, even in these cases, design
calculations and finalizing plans, specifications and typical details are usually necessary during
the Final Design Phase. Subsurface exploration and laboratory testing must also be completed at
this time if it was not completed during the Preliminary Design Phase or if it is needed to
augment exploration and testing that was already performed.

1.4.3 Scope of Work

The scope of work for the Final Design Phase must be developed to complete the
geotechnical engineering for the project. For large or complex projects, a considerable amount of
geotechnical engineering was likely completed in the Alternatives Analysis and/or Preliminary
Design Phase; any remaining or additional geotechnical work to be completed during the Final
Design Phase should be well defined. On projects where some level of geotechnical engineering
was completed, information should be available to prepare a scope of work. Projects that little or
no geotechnical work performed before the Final Design Phase will rely on the available
information discussed in Section 1.2.3 for preparation of the scope of work.

As previously discussed, it is preferred and recommended to complete as much
geotechnical work as possible during the Preliminary Design Phase. However, since there is
some flexibility with when and to what level geotechnical tasks are completed, there will be
variation in the Final Design scope of work from project to project. The below geotechnical tasks
must be considered when preparing the scope of work for Final Design. Several of these tasks
may have already been performed, either partially or completely, during the Preliminary Design
Phase. Therefore, the scope of work must be tailored to reflect what work has already been
completed versus what tasks (or portions of tasks) are remaining.

1. Review proposed plans, profiles and sections

2. Review available geotechnical information

3. Conduct field reconnaissance

4. Plan, implement, and supervise subsurface exploration program
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Plan and perform laboratory testing program (soil, rock and water)
Interpret data from subsurface exploration and laboratory testing programs
Perform engineering analyses

Provide geotechnical design recommendations

Prepare geotechnical related contract documents (e.g., boring plan, profiles,
details, special provisions, etc.)

10. Prepare Final Geotechnical Engineering Report

©oo~No O

A detailed discussion of these geotechnical tasks is provided below.

Again, it is important to stress that any geotechnical document or report is to have a
purpose in moving a project forward. Therefore, any report or deliverable should consist of the
part that describes what information was found, condition identified, results obtained, or
calculations performed, and the part done or proposed because of that information. In this
manner, each deliverable serves a purpose and provides direct value in moving the project ahead.
No deliverable described in this document should deviate from or not fulfill this goal and
purpose. As an example, item numbers 1 through 7 above identify some of the information and
analyses obtained or performed, and items 8 and 9 identify what is to be done because of the
information, findings and analyses, and the recommendations. Most importantly, the first set of
items (findings and analyses) must support the recommendations.

1.4.4 Required Geotechnical Tasks

As indicated above numerous geotechnical tasks may be required during the Final Design
Phase of a project. Tasks that were completed during the Preliminary Design Phase to a level that
is enough for final design purposes do not have to be performed. Tasks that were performed
during the Preliminary Design Phase, but not to a level enough to support final design
recommendations, must be completed at this time. Requirements and/or guidance for performing
these tasks are included in subsequent chapters of this publication. These tasks are listed in the
general order in which they should be performed, although some tasks can be performed
simultaneously.

While performing these tasks, it is important to communicate with other disciplines (e.g.,
roadway, environmental, bridge, etc.) involved with the project to ensure geotechnical issues
related to their work are addressed. As examples, roadway designers may need special
designs/details for steepened embankment and/or cut slopes to avoid wetlands or to stay within
right of way. Bridge designers will need foundation types, recommendations and details for
structures.

Before starting the geotechnical work, a kickoff meeting must be held to:

Review the geotechnical scope of work

Estimate time frame to complete the work

Discuss deliverables that will be prepared and the format of these deliverables
Establish deliverable review process and anticipated progress/review meetings
Discuss geotechnical contract documents to be prepared.
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At a minimum, the PGM and the DGE must attend. For larger and more complex
projects, it may be beneficial to have other individuals involved with the project attend. These
may include consultant and Department project managers, highway designers, bridge engineers,
environmental engineers, and others. All involved parties having a clear understanding of the
anticipated geotechnical activities from the onset will help to ensure all necessary work is
completed within the required timeframe.

1.4.4.1 Review of Proposed Alignment Plans, Profiles and Sections

The first geotechnical task is review of the proposed alignment plans, profiles and
sections. This review should have been completed during the Preliminary Design Phase, but
must be done again to determine if changes have been made to the proposed line, grade and/or
sections during or since preliminary design, to make sure there are no undetected or outstanding
issues that need to be addressed in the final phase, and to identify any potential issues that could
arise as design progresses.

1.4.4.2 Review of Available Geotechnical Information

This task should have been completed during the Alternatives Analysis and/or the
Preliminary Design Phases of the project. If already performed, review the Preliminary
Geotechnical Engineering Report for pertinent information. If there appears that pertinent and
beneficial geotechnical information for the proposed alignment may be missing or overlooked,
research, obtain and review the necessary additional information. If for some reason this task was
not completed during a previous design phase, a thorough search of available relevant and
beneficial geotechnical information must be completed at this time according to Section 1.3.4.2.
Such information may provide critical insight or evidence of problems or conditions that may
have significant impact on the project or important design implications.

1.4.4.3 Field Reconnaissance

It is likely that field reconnaissance was performed during the Preliminary Design Phase
of the project. If a thorough field reconnaissance was already performed, additional
reconnaissance may not be needed. If only a cursory or no field reconnaissance was previously
performed, a thorough reconnaissance must be completed at this time. A thorough site
reconnaissance is critical and particularly necessary before the preparation of the subsurface
exploration program. Refer to Section 1.3.4.3 for field reconnaissance requirements. As with,
and in conjunction with, available geotechnical information, observations may be made that can
significantly impact project direction and decisions. A field view is also critical for designers to
be able to make decisions and recommendations in full context and appreciation of the field
conditions and constraints present.

1.4.4.4 Subsurface Exploration Program

As previously discussed, it is strongly recommended to perform as comprehensive of a
subsurface exploration program as possible during the Preliminary Design Phase. Obtaining this
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information early in the project development will help minimize design changes and
environmental impacts related to geotechnical issues during the Final Design Phase.
Additionally, planning and performing a subsurface exploration program takes considerable time
so completing this during the Preliminary Design Phase is helpful in expediting final design.

If it was not possible to perform a comprehensive subsurface exploration during the
Preliminary Design Phase, or if additional subsurface information is needed, final explorations
must be completed early in the final design phase. Adequate subsurface information must be
obtained to develop an accurate stratigraphic model, estimate the engineering parameters of soil
and rock, perform engineering analyses, and develop final design geotechnical
recommendations. This applies equally to roadway and structures.

The DGE must be kept informed of the progress and results of the subsurface
exploration. In particular, any unusual or unforeseen conditions encountered must be
immediately discussed with the DGE. Before the completion of the subsurface exploration, the
findings must be discussed with the DGE to determine if additional investigations are necessary
before demobilization. For large projects, a meeting in the field to review soil and rock samples
may be beneficial. Smaller projects may handle this with electronic correspondence, an office
meeting, and/or a telephone conference.

Requirements for subsurface explorations are included in Chapter 3 of this publication.
The proposed subsurface exploration program, presented in the “Subsurface Exploration
Planning Submission”, must be reviewed and approved by the DGE. If a limited subsurface
exploration is proposed to augment information obtained from a previous investigation, a less
formal letter type submission may be submitted instead of the “Subsurface Exploration Planning
Submission” outlined in Section 1.5. The subsurface exploration contract and work must be done
according to Publication 222. Specifications for proposed work that is not addressed in
Publication 222 must be developed by the PGM and reviewed and approved by the DGE. Utilize
the Accelerated Acquisition of Drilling and Testing Services option presented in Publication 222
(Section 4.5) if the estimated cost of the subsurface exploration program satisfies the
requirements.

If available, environmental documents must be reviewed and discussed with those
performing the environmental work for the project to assess the potential for encountering
hazardous waste on the project. If encountering hazardous waste during the subsurface
exploration is anticipated, the subsurface exploration program must be performed under a Health
and Safety Plan (HASP) as indicated in Publication 222. The HASP must be prepared by the
PGM and reviewed and approved by the DGE. If hazardous waste is encountered or suspected
during the subsurface exploration program, the exploration must be stopped immediately and the
PGM must notify the DGE.

1.4.4.5 Laboratory Testing Program
If a comprehensive subsurface exploration program was performed during the

Preliminary Design Phase, then a comprehensive laboratory testing program was also likely
performed at this time. If not the case, then the final laboratory testing program must be
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performed during the Final Design Phase. All soil and rock testing needed for selecting
geotechnical parameters to perform geotechnical analyses must be completed during this design
phase. See Chapter 4 of this publication for laboratory testing program requirements and
guidelines.

All proposed laboratory testing must be reviewed and approved by the DGE before
performing the tests. All testing must be conducted in a laboratory accredited by the AASHTO
Materials Reference Laboratory (AMRL) for the individual test methods that are conducted. All
original test data, calculations, graphical plots and other relevant information must be presented
with the test results. The test method (AASHTO/ASTM) and sample source (SR, Section, boring
number, sample number and depth) must also be indicated.

1.4.4.6 Interpretation of Data

All information obtained from subsurface exploration and laboratory testing programs
performed must be interpreted for use in analyses. The biggest and most consistent omission
(failure) in geotechnical designs is the poor (or complete lack of) use of available subsurface
information and laboratory testing. Failure to fully and adequately use this information can and
has resulted in poor designs, recommendations, details and specifications, and problems later
during construction. Refer to Section 1.3.4.6 of this publication for more
discussion/requirements.

1.4.4.7 Engineering Analyses

Complete geotechnical engineering analyses for roadway and structures must be
performed during the Final Design Phase if they were not completed during the Preliminary
Design Phase. Necessary analyses must be completed to develop and support final design
geotechnical recommendations. Geotechnical analyses that may be needed include embankment
settlement, embankment and cut slope stability, stereonet/rock cut slope stability, rockfall
catchment, foundation recommendations, and more.

Engineering analyses performed during the Preliminary Design Phase must be reviewed
to ensure that they are consistent with final design requirements and revised as needed. Changes
to line and grade, the addition of subsurface information or other factors may require revisions to
previously performed analyses.

1.4.4.8 Geotechnical Design Recommendations

Final design geotechnical recommendations must be provided at this time.
Recommendations provided during the Preliminary Design Phase must be reviewed and revised
or updated as necessary. Recommendations may include shrink/swell factors for soil and rock,
estimation of suitability of soil for embankment use, permissible cut and fill slopes, details for
sidehill benching, embankment toe trenches and undercuts, subgrade transitions and/or special
treatments, and slope treatments; subgrade strength (CBR) and treatment, and foundation
recommendations.
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As previously discussed, communicate with designers that are using the geotechnical
recommendations to understand how the recommendations are being applied, to ensure that they
are consistent with project needs and constraints, to ensure that they do not conflict with other
project needs or features, and to make sure all necessary recommendations are provided.
Additionally, the PGM and DGE must communicate throughout the development of geotechnical
recommendations to facilitate smooth project development and to prevent delays and avoidable
changes and modifications. Considerable effort and valuable time can be saved by regular
communication between the PGM and the DGE instead of presenting recommendations to the
DGE for the first time in the final report.

1.4.4.9 Final Geotechnical Engineering Report

The findings and recommendations from these geotechnical tasks must be summarized in
a report. All supporting data, information, calculations, etc., must be included in the appendices
of the report. Where appropriate use mapping, cross-sections, figures and tables to show
pertinent and important information and recommendations.

If a “Preliminary Geotechnical Engineering Report” was prepared for the project, include
any pertinent information from this report in the “Final Geotechnical Engineering Report”. If the
majority of the geotechnical work was performed during the Preliminary Design Phase and is
documented in the “Preliminary Geotechnical Engineering Report”, a “Final Design
Geotechnical Engineering Report” may not needed if no or minimal information was obtained or
revisions to recommendations were made during the Final Design Phase. Alternatively, an
addendum to the “Preliminary Geotechnical Engineering Report” may be adequate. The
addendum must contain the information obtained, analyses performed, and recommendations
developed during the Final Design Phase. The type of report or addendum to be prepared should
be discussed during development of the scope of work for the Final Design Phase.

Submit a draft of the report to the DGE for review and comment and address all
comments before submitting the final report for approval by the DGE. The record copy of the
final report is to be submitted to the DGE in paper and approved electronic format. After all
comments have been resolved and appropriate revisions confirmed, submit an electronic copy
(CD or DVD in .pdf format) of the final report to the Chief Geotechnical Engineer. Individual
Structure Foundation Geotechnical Reports for each structure must also be prepared and
submitted during the Final Design Phase if not previously done. Requirements and guidance for
preparing reports are included in Section 1.5 of this publication.

1.4.4.10 Geotechnical Contract Documents

Geotechnical related contract documents, including subsurface exploration plans,
subsurface profiles, subsurface cross-sections, details and special provisions, must be developed
during the Final Design Phase. These documents must be provided in the Final Geotechnical
Engineering Report for review by the DGE. Address all comments before incorporating into the
contract documents. Also, provide structure related contract documents, including structure
boring tracings, special provisions and details, in the Structure Foundation Report.
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The PGM and DGE must review, individually or jointly, the contract documents (e.qg.,
plans, cross-sections, typical details and specifications, etc.) to ensure that the geotechnical
recommendations have been properly incorporated, and that no geotechnical issues were
overlooked or misunderstood during design development. Cross-sections must be reviewed to
verify that cut and fill slopes are acceptable, and that features (e.g., stormwater ponds, drainage
swales, etc.) above and below slopes do not adversely impact performance of the slope.

1.45 Structures

Final structure foundation design recommendations must be provided during either the
Preliminary or Final Design Phase of the project. As previously discussed, numerous factors will
determine during which phase these recommendations are provided, but, when possible, structure
foundation recommendations should be provided during the Preliminary Design Phase. Section
1.3.5 of this publication discusses foundation recommendations for structures. Reference
requirements in DM-4, Section 1.9.4 for streamlined and standard foundation submission
requirements as well as foundation plan requirements.

15 GEOTECHNICAL ENGINEERING SUBMISSIONS
1.5.1 Introduction

There are six (6) types of geotechnical submissions that are prepared for Department
projects. The reports required for a specific project will depend upon the type, size and
complexity of the project, and whether structures are involved. The six types are:

Subsurface Exploration Planning Submission
Geotechnical Alternatives Analysis Report
Preliminary Geotechnical Engineering Report

Final Geotechnical Engineering Report

Subsurface Findings and Parameters Report - Optional
Structure Foundation Report

Foundation Design Guidance Report

Noook~wbdPE

Normally, at least two different types of reports will be required for a project, and for
projects which include the study of alternate roadway alignments, as many as five different types
will be required. This section of the publication discusses the purpose of the reports, when they
are required, and the content and format of the reports.

1.5.2 Purpose

Geotechnical submissions serve various needs. One is to have a record of the
geotechnical information obtained. Some projects, and in particular, complex ones can take years
to progress from the start of design to construction, may be unexpectedly stopped during the
design process and later resumed, are completed by a variety of individuals (Department and
consultants), and/or are performed under different contract agreements. Therefore, in order to
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have a clear and concise record of information gathered for use during the design and
construction phases of the project, geotechnical reports are required.

Geotechnical reports are also required to provide information and recommendations in
order to move the design process forward. For example, as discussed below, the purpose of the
“Subsurface Exploration Planning Submission” is to provide justification and obtain Department
approval to proceed with a subsurface exploration program. Another reason geotechnical reports
are required is to provide geotechnical recommendations for the design of roadways and
structures. The reports present data, analyses and the judgment used to justify the
recommendations. When consultants prepare the reports, they are used by the Department to
review and approve the recommendations. Once approved, the reports are used by highway,
bridge, environmental and other engineers to design the facilities. Lastly, the geotechnical
reports can be useful during construction and maintenance phases. If unforeseen conditions are
encountered, or if some aspect of the project requires a modification/redesign, the geotechnical
reports may provide useful information.

1.5.3 Subsurface Exploration Planning Submission

A Subsurface Exploration Planning Submission (SEPS) must be prepared and submitted
when a subsurface exploration program (e.g., borings, test pits, geophysics, etc.) is necessary for
roadway and/or structure design. This report is required to be submitted during each design
phase (i.e., Alternative Analysis, Preliminary Design and Final Design Phases) in which a
subsurface exploration program is proposed. The SEPS may be submitted after the structure
footprint and core boring locations are determined during the streamlined TS&L process. If a
project requires the preparation of this document in two or more design phases, subsequent
reports should be prepared by using pertinent information from the previously prepared report(s),
as well as pertinent information obtained during the previous subsurface exploration program(s).

When a subsurface investigation is the result or consequence of a previous phase of work
(e.g. Preliminary Design) the SEPS may be incorporated into the previous design phase
deliverable (i.e., may be included as part of the Preliminary Design GER) since the proposed
investigation would, in effect, be a recommendation from the previous phase of work. This will
eliminate unnecessary separate submissions and maintain the continuity and flow of work.

Structure borings for foundation design require a separate, individual SEPS for each
structure unless the DGE recommends combining submissions due to proximity of structures
with similar non-complex geotechnical conditions. According to DM-4, Section 1.9.3, this plan
must be submitted with the TS&L Report for bridges and culverts. A SEPS is also required for
retaining walls and noise walls, but the report for these types of structures is submitted before the
TS&L submission. The submission requirements discussed in this section include the
requirements set forth in DM-4, Section 1.9.3.

A single submission should be prepared when a limited number of roadway borings
associated with a structure replacement/widening are proposed or when a limited number of
structure borings are proposed (i.e., during the Alternatives Analysis and/or Preliminary Design
Phase). When a limited number of borings are proposed to supplement a previous subsurface
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exploration program, a letter or memorandum may be enough to present and justify the
additional subsurface exploration program. The geotechnical scope of work for the project
should clearly indicate the requirements of the SEPS(s).

Department approval of the SEPS is required before performing the developing the core
boring contract.

1.5.3.1 Submission Format and Content

The required format and content of the SEPS are shown below. Note that this submission
may be in the form of a report or a less formal transmittal letter, as dictated by the scope and
needs of the project. When submitted as a transmittal letter, all the information indicated below
must be included/discussed.

Cover Page

Table of Contents

1.0 Introduction

2.0 Proposed Construction

3.0 Information Search and Findings
4.0 Reconnaissance

5.0 Proposed Subsurface Exploration
6.0 Anticipated Laboratory Testing Program
7.0 References

Figures

Appendices

Cover Page — The cover page must contain the following information:

Title: Subsurface Exploration Planning Submission

State Route and Section Number

ECMS No.

Structure (if applicable)

Name of County, Pennsylvania

Township

Prepared for: Pennsylvania Department of Transportation
Engineering District _-0

Prepared by: Design Consultant Name

e Month and year report submitted

Table of Contents — All pages in the report must be numbered.
1.0 Introduction — Provide a brief description of the project, including:
e Location of the project and reference to Site Location Map (In remote areas

show the location of the nearest city or major intersection to aid in locating
the project).
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e Scope of work/tasks performed

In addition to a brief verbal description of project location, provide a Site
Location Map either embedded in the text of the report or as a separate figure.
Provide a single map with adequate detail for someone to drive to the project. Use
Google maps or a topographic map annotated with SR numbers and roadway
names.

2.0 Proposed Construction — Provide a brief description of the proposed project
construction, concentrating on the features related to geotechnical
investigation/design.

3.0 Information Search and Findings — This section must contain information obtained
from published sources regarding the topographic and subsurface conditions at the
site. Details on performing this task are included in Chapter 2 of this publication.
Material reviewed and discussed in this section must include:

e Project Features Map (topographic map) showing contours and surface
features (e.g., streams, rivers, strip mines, etc.). This map must be scaled to
concentrate on the project area.

e Physiographic Setting

e Invery limited situations, discuss United States Department of Agriculture
(USDA) soil types. Since soils described on this map are surficial (i.e., only
up to 5 feet in depth) and pertain to agriculture, they typically will not be
relevant to engineering applications. If the top 5’ of materials are used to
support the roadway or are used as fill in other areas of the project, an
abbreviated discussion may be warranted. Do not provide a detailed
description of each soil type; only discuss those soil types and properties
that are significant to the project geotechnically. If site specific soil
information from previous investigation(s) is available USDA soil
information should not be discussed.

e Geology — Provide a geologic map delineating bedrock formations and
structural features (e.g., faults, anticlines, synclines, etc.). In the text discuss
rock type(s) and geologic structure (i.e., bedding and jointing), if available.
If applicable, and the information is available provide a stratigraphic
column.

e Engineering geology - Provide general information, including ease of
excavation, drilling rate, cut slope, and foundation stability.

o Well data (where applicable)

¢ Review of aerial photography — include several different years, if available.
Discuss pertinent findings, changes over time and conditions of potential
impact and/or concern.

e Pertinent geotechnical findings from published reports and maps (e.g.,
mining, sinkholes, landslides, acid-producing rock, etc.).

e Pertinent information from review of existing roadway and structure plans
and boring logs for subsurface information, geotechnical treatments,
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structure foundations, etc. Also, review available structure inspection
reports, scour reports, etc., and discuss pertinent findings relative to
potential project impacts and the exploration plan.

Environmental issues — Include information provided/obtained by others
during environmental evaluations of the project. Discuss any impacts or
findings relevant to the investigation plan.

Economic considerations — Provide discussion on mineable coal seam(s),
high quality aggregate, or other materials that may be encountered on site
that have economic value and may require economic compensation.
Consultation with residents, contractors, and Department personnel that
have knowledge of the area. Discuss any relevant findings that may impact
or influence subsurface exploration or proposed design and construction.
Consultation with District Geotechnical Units for review of existing
geotechnical information.

Utility Considerations — provide distances to, or locations of, adjacent
overhead utilities on Boring Location Maps.

4.0 Reconnaissance - This section must document the findings from reconnaissance
performed at the site. Details on performing this task are included in Chapter 2 of
this publication. Observations in this section must include information concerning
the following items that may impact the exploration or are pertinent to the
proposed design and construction.

Topography, vegetation, seepage, etc.

Soil types exposed in slopes, stream/riverbanks and beds, etc.

Rock types exposed in outcrops, stream/riverbanks and beds, etc.
Performance of existing facilities (e.g., roadways, structures, etc.), at or
nearby the project site

Indications of slope movements, mine subsidence, sinkholes/karst features
Access for drilling equipment and type of required equipment anticipated
(e.g., truck, track, all terrain, skid, barge, low-head rig, etc.)

Types and location of overhead and underground utilities

5.0 Proposed Subsurface Exploration Program — This section of the report provides
recommendations for the proposed subsurface exploration program. The proposed
exploration program should reflect findings from the information search and field
reconnaissance in context of the needs for the proposed design and construction
activities. Requirements for subsurface explorations are included throughout this
chapter of the publication, and additional detailed discussions on subsurface
explorations are included in Chapter 3 of this publication. Information in this
section of the report must include:

Type of investigation(s) proposed (e.g., borings, test pits, geophysics, etc.)
For structures, discussion of anticipated foundation type(s) and justification
for number and depth of borings
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e For roadways, provide table (if needed) indicating proposed cut depth/fill
height and justification for number, depth and types of borings and sampling

e Access for drilling equipment and type (e.g., truck, track, all-terrain vehicle,
skid, barge, etc.)

e Utility conflicts or concerns with conducting borings

e Maintenance and protection of traffic requirements

e Recommendation for mandatory pre-bid site meeting

e Special procedures required for drilling in or near streams/rivers (e.g.,
restrictions on time of year due to protected aquatic life, filtering drill wash
water, Aids to Navigation (ATON), etc.)

e Need for Health and Safety Plan (HASP)

e Need for permits

6.0 Anticipated Laboratory Testing Program — This section of the report provides
recommendations for the anticipated laboratory testing program. The final
laboratory testing performed will be dependent upon the findings from the
exploration (soil and rock types and conditions encountered) and must be
approved by the DGE. For example, consolidation settlement testing will typically
only be performed if soft, cohesive soil is encountered and collected in an
undisturbed sample (i.e., Shelby tube). In this section of the report, provide an
estimate of the number and types of tests proposed. Additionally, discuss the
reason(s) for performing the tests. A detailed discussion of laboratory testing is
provided in Chapter 4 of this publication.

7.0 References — It is preferred that references used to prepare report/recommendations
be included directly within the report text. A formal listing is not necessary. If
references cannot be included in the text provide a list of the references at the end
of the report. Any information from these references relevant to the justification
or recommendations of the exploration plan that cannot be readily incorporated
into the body of the report must be included in the figures section or an appendix
as appropriate.

Figures — Embed figures directly in the report when possible and appropriate. Place
figures that cannot be easily embedded within the report text in this section. Only
include figures that are “value added” and include as much information as
possible on the same figure to limit the number of figures. The following figures
are required in this report:

1. Site Location Map — As discussed in the Introduction section of this report,
this figure must be a large enough scale so that someone not familiar with
the site can locate it. Only one site location map that provides adequate
information to locate the site should be provided. Annotate the map as
necessary to aid in site location.

2. Project Features Map — As discussed in the Information Search section of
this report, this figure must be scaled to focus on the immediate project area.
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This figure, possibly a topographic map, must include contours and surface
features (e.g., streams, rivers, roads, strip mines, etc.).
3. Geologic Map — Annotate with location of project.

Other “value added” figures should also be included in this section of the report.
These figures may include:

e USDA Soils Map — This map typically will not be useful and should not be
included. Include only if site specific soils information (i.e., obtained from
previous investigation) is not available and if USDA soil information is
pertinent to geotechnical aspects of the project.

e Pertinent maps from Open File Reports (i.e., sinkhole maps), Mine Maps,
Landslide Maps, Acid-Producing Rock Map, etc.

e Plans for existing roadway/structures showing subsurface information,
geotechnical details/treatments, foundation types, etc.

Appendices — Two appendices (A and B) are required for this report. A third appendix
(C) is required if preparation of a boring contract is included in the scope
of work. Additional appendices may be included to present pertinent data
or information. This data or information may include well data, existing
plans, boring logs, a General Plan and Elevation drawing from the
preliminary TS&L in the report, etc.

Appendix A — This appendix presents the details of the proposed subsurface
exploration. This appendix must include:

1.

N

Boring Location Plan - This figure is required to present the specific
locations of subsurface explorations (e.g., borings, test pits, cone
penetrometer tests (CPT), geophysical survey(s), etc.). Scaling must
not be smaller than 1”” = 50 ft. but should be expanded to fill an entire
sheet with all pertinent information. Use multiple sheets if necessary.
This figure must be created from project mapping that shows the
proposed roadway(s) and structure(s). If available, contours, utilities
and topographic features must be shown on the plan to help determine
if there are utility conflicts, MPT requirements, access issues, etc. If
contours are not available from project mapping, prepare a duplicate
boring location plan on a topographic map scaled so the location and
approximate elevation of borings is easily identified. Scaling should
not be smaller than 1” = 50 ft. Use multiple sheets if necessary.
Attachment 1 — Schedule of Proposed Borings from Publication 222.
Engineer’s Drilling Cost Estimate — Prepare a cost estimate of the
proposed subsurface exploration program. Use pay items included in
the PennDOT Standard Subsurface Boring, Sampling and Testing
Contract, which is also included in Publication 222, as well as pay
items associated with any required special provisions.
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Appendix B — This appendix must include photographs of the site taken during
the field reconnaissance. For roadway projects, include photos of pertinent
geotechnical features and observations, including performance of existing
roadways, outcrops, landslides, sinkholes, etc. For structures include photos of
proposed structure site, and photos of existing structures for
replacement/widening projects.

Appendix C — If preparation of a Test Boring Contract is part of the scope of
work, a draft version of the contract must be included in this appendix. Also,
include in this appendix the Letter of Interest proposed to be sent to PennDOT
Prequalified Geotechnical Drilling Contractors, and the Intent to Enter letter(s)
sent to property owners.

A transmittal letter must accompany the report. The transmittal letter from
the design consultant to the Department must note the contractual requirements
with respect to the report and the status of the report (e.g., is it a draft or final
report, etc.). The report must be presented on standard letter sized paper. Plans,
profiles, cross-sections and figures that are not legible on standard letter sized
paper must be presented on 11x17 foldout sheets. Bullet points, tables, figures,
sections, etc. must be used where possible to present the findings and
recommendations clearly and concisely.

1.5.4 Geotechnical Alternatives Analysis Report

A Geotechnical Alternatives Analysis Report is required when alternative alignments are
being studied and geotechnical input is needed to help select the preferred alignment. This report
documents the geotechnical information gathered during this phase of the project. The report also
provides conceptual geotechnical design recommendations for use by other designers (e.g.,
roadway, environmental, bridge, etc.) to help estimate the impacts of the geotechnical conditions
on the various alignments. Additionally, favorable and unfavorable geotechnical features
associated with the various alignments are presented in the Geotechnical Alternatives Analysis
Report.

1.5.4.1 Submission Format and Content

The required format and content of the Geotechnical Alternatives Analysis Report are as
follows:

Cover Page

Table of Contents

1.0 Introduction

2.0 Summary of Recommendations and Alignment Considerations
3.0 Geotechnical Analyses and Interpretation of Data

4.0 Environmental Concerns

5.0 Economic Considerations

6.0 Site Investigation
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6.1 Available Information
6.2 Aerial Photography
6.3 Reconnaissance
7.0 Subsurface Exploration
7.1 Description
7.2 Roadway Subsurface Conditions
7.3 Structure Subsurface Conditions
7.4 Laboratory Testing Program
8.0 References

Figures
Tables

Appendices

Cover Page — The cover page must contain the following information:

Title: Geotechnical Alternatives Analysis Report

State Route and Section Number

ECMS No.

Name of County, Pennsylvania

Township Name

Prepared for: Pennsylvania Department of Transportation
Engineering District _-0

Prepared by: Design Consultant Name

e Month and year report submitted

Table of Contents — All pages in the report must be numbered.
1.0 Introduction — Provide a brief description of the project, including:

e |ocation of the project and reference to Site Location Map
e project description/proposed construction
e scope of work/tasks performed

In addition to a brief verbal description of project location, provide a Site
Location Map either embedded in the text of the report or as a separate figure.
Provide a single map with adequate detail for someone to drive to the project. Use
Google maps or a topographic map annotated with SR numbers and roadway
names. If the map scale allows, the figure must indicate the locations of the
alignments being considered.

2.0 Summary of Recommendations and Alignment Considerations — This section of
the report provides “conceptual” geotechnical design recommendations and
presents geotechnical considerations that may influence the alignment selection
process.
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The geotechnical recommendations provided in this section are conceptual at this
phase of the project since the overall project design is at a conceptual level,
limited subsurface information will be available, and detailed analyses are
typically not performed. However, these recommendations are important because
they will be used by other designers (e.g., roadway, bridge, environmental, etc.)
on the project to better determine impacts and costs of the various alignments.
During development of the recommendations it is important to communicate with
other designers to understand what recommendations are needed and their
significance to the alignment selection process. Recommendations must include,
as applicable:

e Suitability of onsite soil and rock materials for use in embankments

e Need for special materials, like rock for embankments, and if material is
available on site

e Shrink and swell factors for earthwork balance estimate

e Permissible embankment slopes

¢ Need for special embankment treatments that will add cost (e.g., extra depth
sidehill benching, toe trenches, undercuts, etc.)

o Need for settlement treatment (i.e., wick/sand drains, quarantine, or

surcharge)

Pavement subgrade parameter(s) for conceptual pavement design

Pavement subgrade stabilization (e.g., over-excavation, lime, cement, etc.)

Permissible soil and rock cut slopes

Rockfall protection (e.g., catchment zone, fence, etc.)

Anticipated structure foundation types

Any anticipated problems or required special treatments for structure or

embankment foundations

Handling/treatment of acid-producing rock

Mine void stabilization

Treatment of sinkholes and karst topography

Other geotechnical issues/features that will impact alignments or costs

3.0 Geotechnical Analyses and Interpretation of Data — This section of the report
provides justification for the recommendations given in the previous section of
the report. At this phase of the project minimal analyses may have been
performed so justification for some of the recommendations may be based on
published information, experience from previous projects, or commonly
used/accepted practices. Also, discuss in this section the relative costs of various
geotechnical alternatives relative to the entire project. For example, a specific
geotechnical treatment may be expected to cost more than other alternative
treatments, but the more costly treatment results in a reduction in the total cost of
the roadway alignment alternative.

4.0 Environmental Concerns — This section of the report provides information on
environmental findings from other studies that may have an impact on the
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geotechnical aspects of the project. For example, impact of landfills/dump sites,
contaminated areas, wetlands, mine spoil, etc. within proposed embankment or
cut areas.

5.0 Economic Considerations — This section of the report provides information
regarding the presence of “valuable” materials that are located within the project
limits that may impact project costs. For example, the presence of mineable coal
seams, high grade limestone, or other materials of value, may have a cost impact
on an alignment under consideration.

6.0 Site Investigation — This section of the report summarizes the geotechnical
information obtained during the review of available/published references and
from reconnaissance. If a “Subsurface Exploration Planning Submission” was
prepared, pertinent information from Section 3.0 (Information Search) and
Section 4.0 (Reconnaissance) of this report should be used in addition to any
information obtained after preparation of the “Subsurface Exploration and
Planning Submission”.

6.1 Available Information - This section must contain information obtained from
published sources regarding the topographic and subsurface conditions at the site.
Details on performing this task are included in Chapter 2 of this publication.
Information in this section must include:

e Project Features Map (topographic map) showing contours and surface
features (e.g., streams, rivers, strip mines, etc.). This map must be
scaled to concentrate on the project area.

e Physiographic Setting — Not required if presented in “Subsurface
Exploration Planning Submission”.

e United States Department of Agriculture (USDA) soil types. Provide a
map delineating the soil types. A detailed description of each soil type
is not necessary; only discuss in detail those soil types and properties
that are significant to the project geotechnically. If site specific soil
information from borings is available USDA soil information is not
required.

e Geology — Provide a geologic map delineating bedrock formations and
structural features (e.g., faults, anticlines, synclines, etc.). If project
site is located within one formation and no structural features are
present, a map is not required. Provide general bedrock descriptions,
including type, color, bedding, weathering, and jointing. If applicable
provide a stratigraphic column, for example when coal seams are
expected to be encountered.

e Engineering geology - Provide general information, including ease of
excavation, drilling rate, and cut slope and foundation stability.

e Well data

e Pertinent geotechnical findings from published reports and maps (e.g.,
mining, sinkholes, landslides, acid-producing rock, etc.).
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e Consultation with residents, contractors, and Department personnel
that have knowledge of the area.

6.2 Aerial Photography — This section must present the findings from the review
of aerial photography. Several different years, if available, must be reviewed.

6.3 Reconnaissance - This section must document the findings from
reconnaissance performed at the site. Include pertinent photographs taken during
reconnaissance, either embedded in the report or included in an appendix. Details
on performing this task are included in Chapter 2 of this publication. Observations
in this section must include:

Topography, vegetation, seepage, etc.

Soil types exposed in slopes, stream/riverbanks and beds, etc.

Rock types exposed in outcrops, stream/riverbanks and beds, etc.

Performance of existing facilities (e.g., roadways, structures, etc.) at or

nearby the project

¢ Indications of slope movements, mine subsidence, sinkholes/karst
features

e Any other features or observations that may impact or have relevance

to an alternative

7.0 Subsurface Exploration — Indicate “Not Applicable” if a subsurface exploration
program was not performed during this phase of the project.

7.1 Description — Provide a brief description of the subsurface exploration,
including:

e Purpose for performing the exploration(s)

Type of exploration(s) performed (e.g., borings, test pits, geophysics,
etc.)

Number of borings and test pits, coverage area of geophysics, etc.
Contractor that performed the work

Approximate date(s) exploration was conducted

Consultant that observed/inspected the work

7.2 Roadway Subsurface Conditions — Provide a summary of the subsurface
conditions along the roadway alignments. A detailed discussion is not needed.
Use tables and subsurface profiles/sections to help summarize and present the
information.

7.3 Structure Subsurface Conditions - Provide a summary of the subsurface

conditions at structure locations. A detailed discussion is not needed. Use tables
and subsurface profiles/sections to help summarize and present the information.
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7.4 Laboratory Testing Program - Provide a summary of the laboratory test
results. A detailed discussion is not needed. Detailed laboratory test reports will
be provided in an Appendix. Use tables if needed to help summarize and present
the information.

8.0 References — It is preferred that references used to prepare report/recommendations
be included directly within the report text. A formal listing is not necessary. If
references cannot be included in the text provide a list of the references in this
section of the report. Any information from these references relevant to the
justification or recommendations of the exploration plan that cannot be readily
incorporated into the body of the report must be included in the figures section or
an appendix as appropriate.

Figures — Embed figures directly in the report when possible and appropriate. Place
figures that cannot be easily embedded within the report text in this section. Only
include figures that are “value added” and include as much information as
possible on the same figure. The following figures are required in this report:

1. Site Location Map — As discussed in the Introduction section of this report,
this figure must be a large enough scale so that someone not familiar with
the site can locate it.

2. Project Features Map — As discussed in the Information Search section of

this report, this figure must be scaled to focus on the immediate project area.

This figure must include contours and surface features (e.g., streams, rivers,

roads, strip mines, etc.).

Geologic Map

Subsurface Exploration Plan (if applicable) — This figure must show

locations of borings, test pits, geophysics, etc.

»w

Other “value added” figures should also be included in this section of the report.
These figures may include:

e USDA Soils Map — This map typically will not be useful and generally
should not be included. Include only if site specific soils information (i.e.,
obtained from previous investigation) is not available and if USDA soil
information is pertinent to geotechnical aspects of the project.

e Maps from Open File Reports (i.e., sinkhole maps), Mine Maps, Landslide
Maps, Acid-Producing Rock Map, etc.

Tables — Include tables that are not or cannot be embedded in the text of the report. This
includes summary tables of material that may also be presented in the appendices.
For example, a summary table for laboratory test results would be presented in
this section while the individual test results and work sheets would be presented
in the appendices.
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Appendices — Present pertinent data or information in the appendices. This
data/information may include:

e Boring logs or other subsurface exploration reports/records

e Laboratory test results

e Subsurface profiles and cross-sections — required if borings were performed
Existing Plans

Well Data

Calculations/Analyses

Details

Photographs

Supporting reference materials

A transmittal letter must accompany the report. The transmittal letter from the
design consultant to the Department must note the contractual requirements with
respect to the report and the status of the report (e.g., is it a draft or final report,
etc.). The report must be presented on standard letter sized paper. Plans, profiles,
cross-sections and figures that are not legible on standard letter sized paper must
be presented on 11x17 foldout sheets. Bullet points, tables, figures, sections, etc.
must be used where possible to present the findings and recommendations clearly
and concisely.

1.5.5 Preliminary and Final Geotechnical Engineering Reports

1.5.5.1 Introduction

The main purposes of the Preliminary and Final Geotechnical Engineering Reports are to
document the geotechnical work performed during the Preliminary and Final Design Phases and
to present design recommendations for use by other designers (e.g., roadway, bridge,
environmental, etc.) on the project. The focus of these reports is the roadway aspects of the
project, although subsurface information at structure locations, conceptual foundation
alternatives, and/or a summary of foundation recommendations/type are also included in these
reports.

As indicated several times throughout this publication, the geotechnical work performed
during the Preliminary and Final Design Phases of projects will vary depending upon several
factors. Consequently, the contents of the Preliminary and Final Geotechnical Reports will vary,
and in some cases only one of these reports may be required. The decision as to whether both a
preliminary and final design report is required will depend on the scope of the project. The
report(s) required to be prepared for a project should be determined during the scoping phase.

Since the geotechnical tasks performed during the preliminary and final design phases of
a project are often similar, particularly for large/complex projects, the geotechnical report format
for both preliminary and final design is the same. When geotechnical reports are prepared for
both preliminary and final design, the final design report must include all pertinent information
from the preliminary report so that the final design report documents all geotechnical data,
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analyses, recommendations, etc. performed for the project. It is not intended that the preliminary
report be repeated in its entirety. Instead, any subsurface data (including boring logs), lab test
data, pertinent analyses and calculations, and any other relevant findings must be included and
properly located in the final design report. Some of this information may reside in the appendices
while other information may have to be incorporated into the appropriate sections of the text of
the report.

1.5.5.2 Influence of Project Size and Complexity

For large, complex projects, both reports will most likely be required. For these types of
projects, the Preliminary Geotechnical Engineering Report will mainly provide geotechnical
recommendations to:

Help set the line and grade

Identify impacts (right of way, environmental issues, drainage)
Develop preliminary and/or conceptual recommendations
Develop the final design phase geotechnical scope of work.

Subsequently, the Final Geotechnical Engineering Report will provide geotechnical
recommendations for final design of the roadway and will present geotechnical related contract
documents (e.g., subsurface boring plan, subsurface profiles and cross-sections, detail, special
provisions, etc.).

For smaller, less complex projects, frequently only one report, either the Preliminary or
the Final will be required. This depends on the amount and/or complexity of the geotechnical
engineering work necessary. For instance, if most of the geotechnical work is performed during
the Preliminary Design Phase, then a Preliminary Geotechnical Engineering Report must be
prepared. If minimal additional, follow-up geotechnical work is needed during the Final Design
Phase, this work can be documented in an addendum to the Preliminary Geotechnical
Engineering Report instead of preparing a complete Final Geotechnical Engineering Report.

Geotechnical exploration results and recommendations for structure projects are
presented in the Structure Foundation Report. When structure projects include “minor” roadway
improvements/modifications, exploration results and recommendations for the roadway should
also be included in the Structure Foundation Report, if possible. Alternatively, an abbreviated
Preliminary or Final Geotechnical Engineering Report may be acceptable, if approved by the
DGE.

Again, it is critical that the scope of work be clearly defined, and it is crucial that the
DGE be involved in this process.

1.5.5.3 Submission Format and Content

The Preliminary and Final Geotechnical Engineering Reports must be prepared using the
following format:
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Cover Page
Table of Contents
1.0 Introduction
2.0 Summary of Geotechnical Design Recommendations
3.0 Geotechnical Analyses and Interpretation of Data
4.0 Soil, Rock and Geologic Setting
5.0 Reconnaissance
6.0 Subsurface Exploration
6.1 Description
6.2 Roadway Subsurface Conditions
6.3 Structure Subsurface Conditions
6.4 Laboratory Testing Program
7.0 Environmental Concerns
8.0 Economic Considerations
9.0 References

Figures
Tables

Appendices

= Subsurface Exploration Plan, Profiles and Cross-Sections (Prefer
Subsurface exploration plans, profiles and cross-sections to be submitted
in 11 x 17 format separately from the text of the GER and in
designated/specified electronic drafting format.)

= Typed Engineers Boring Logs Calculations

= Core Box Photo Log

® Driller’s Logs

= Full Laboratory Test Reports

= Detailed Analysis of Data (i.e., parameter selection)

= Calculation Briefs

= Details
= Special Provisions
= QOther

1.5.5.4 Report Overview

Each of these items/sections will be covered in more detail below; however, the
following brief summary is presented below to provide an overview of what is expected for the
report and indicate the purpose of the various report sections, how they complement each other,
and how all sections/contents are to ultimately support Section 2.0 — Summary of Geotechnical
Design Recommendations.

The “Introduction” provides a brief overview of the project and contents/purpose of the
report. The overview should be brief, yet sufficient for any user of the report to gain a general
understanding of the proposed construction and how the focus of this report fits with the overall
project requirements. The “Summary of Geotechnical Design Recommendations” section
provides a straight-forward, but comprehensive listing of the proposed geotechnical
recommendations. The recommendations must be clear and specific with adequate detail to allow
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recommendations to be readily incorporated into the overall design by others (e.g., highway,
bridge and environmental engineers, CADD operators, etc.). The details must thoroughly cover
“what is to be done” and “where it is to be done”, and references to required special provisions
and details, where applicable, must be provided.

Section 3.0, “Geotechnical Analysis and Interpretation of Data” provides the link
between Section 2.0 and the remainder of the report. This section provides a comprehensive
summary of the findings from all sources of exploration and analyses of the data, including
selected geotechnical parameters and references to (and locations of) pertinent supporting data
(e.g. acquired subsurface information, laboratory test results, calculations and analyses).
Recommendations provided in Section 2.0 should be thoroughly explained/justified in
Section 3.0, so that the reviewer(s) can understand why the recommendations are proposed. The
comprehensive supporting subsurface information (i.e., boring logs and laboratory test results) is
provided in the “Subsurface Findings” section and the appendices. Sections 4.0 and 5.0 provide a
summary of available published geologic information and site observations from reconnaissance,
identifying any pertinent site conditions that may impact geotechnical design and/or
construction.

Section 7.0 provides information as required to address any environmental concerns
and/or requirements that must be accommodated in design or construction. Section 8.0 is
primarily to address mineral right issues, where mineable materials are present, or other
economic issues that could impact design recommendations.

The figures, tables and appendices provide supplemental information critical to the
design, but that must either be presented in a graphical format (figures or tables), that does not
lend itself to incorporation into the body of the report, consists of supporting information or
analysis for one of the other report sections, cannot efficiently be presented in one of the main
report sections due to size, or consists of a work product that is referenced in the
recommendations that must be incorporated in the contract or plans. These last three sources
make up the appendices which include subsurface exploration plan, profiles and cross-sections,
typed engineer’s boring logs, full lab test results, detailed analysis of data (i.e., parameter
selection), calculation briefs, details, special provisions, or other pertinent information that
supports the findings, analyses or recommendations.

Cover Page — The cover page must contain the following information:

e Title: FOR DESIGN PURPOSES ONLY
Preliminary OR Final Geotechnical Engineering Report

State Route Number and Section Number

ECMS Number

Name of County, Pennsylvania

Prepared for:  Pennsylvania Department of Transportation
Engineering District _-0

Prepared by: Design Consultant Name

e Month and year report submitted
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Table of Contents — All pages in the report, including Appendices, must be numbered.

1.0 Introduction — The introduction must include:

Purpose of the report
Geotechnical scope of work
Location of the project
Description of the project.

In addition to a brief verbal description of the location of the project,
provide a map either embedded in the report or as a separate figure. The
figure must cover an area large enough for someone not familiar with the
project to be able to locate it. The project description must focus on those
aspects of the project associated with the geotechnical work.

2.0 Summary of Geotechnical Design Recommendations — This section provides a
summary of all geotechnical recommendations.

Recommendations must be specific and concise. A detailed discussion of the
recommendations and supporting analyses/data will be provided in Section
3.0.

Sections 2 and 3 must be coordinated so that rational behind or justification
of recommendations provided in Section 2.0 can be easily found in Section
3.0.

Present recommendations in an orderly manner. Group recommendations
by subject (e.g., embankment foundations, embankment slopes, soil cut
slopes, rock cut slopes, pavement subgrade, etc.) and use list format
whenever practical.

When applicable, provide Station to Station and offset limits for the
recommendations. Recommendations must be meaningful and
understandable to other disciplines (e.g., highway designers, CAD
technicians, etc.) so they can be properly applied and presented in the
contract documents.

Use tables to efficiently present recommendations where appropriate and
whenever they may aid in assuring accurate follow through into the contract
documents.

When applicable provide a typical detail or figure to help explain
recommendations.

If current Department construction specifications (Publication 408) are
adequate, only reference the specification section number. Do not recite text
from the specification.

Reference Special Provision(s) associated with recommendations.

Provide the following recommendations where applicable. Additional
recommendations may be needed depending upon the specifics of the project.
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2.1 Embankment Construction (Fills)

(a) Suitability of on-site soil and rock obtained from projects cuts for use
in embankments as specified in Publication 408, Section 206.

(b) Location and depth of unsuitable soil as specified in Publication 408,
Section 206.

(c) Location and depth of topsoil available on site.

(d) Shrink and swell factors for soil and rock.

(e) Recommended fill slope angles (e.g., 2H:1V, 1.5H:1V, etc.).

(F) Need for “select” embankment materials (e.g., rock lining on
embankment slopes, zoned earth and rock embankments, rock
embankment, etc.) and if material is available on site or if borrow is
required.

(9) Special requirements for fill placed below proposed structures (e.g., no
rock within pile or drilled shaft window, etc.)

(h) Benching details for placing embankment on sloping ground or
widening existing embankments.

(i) Embankment foundation preparation requirements (e.g., over-
excavation and replacement, proof rolling, geotextile/geogrid, ground
improvement, etc.).

(j) Treatment of seeps/springs beneath proposed embankments.

(k) Treatment of existing building/structure foundations, slabs, etc. before
embankment placement.

(I) Treatment of existing pavement beneath proposed embankment.

(m)Need for embankment toe trenches/keys.

(n) Subsidence/sinkhole treatment (mining related and karst).

(o) Settlement quarantine locations, estimated time periods and/or
surcharge embankment requirements, wick drains, etc.

(p) Instrumentation and monitoring requirements (e.g., piezometers,
settlement plates, inclinometers, etc.).

() Surface and subsurface drainage requirement.

(r) Erosion protection during and after construction.

2.2 Cut Slope Construction (Soil and Rock)

(a) Recommended cut slope angles.

(b) Rockfall catchment (e.qg., ditch, fence, netting, etc.) recommendations.

(c) Treatment of material in cut face for erosion, durability, differential
weathering, etc.

(d) Treatment of seeps in soil cut slopes.

(e) Treatment for concentrated areas of runoff down soil cut slope face.

(F) Location and quantity of unsuitable rock for embankment
construction.

(9) Location, depth and treatment of hazardous material.

(h) Location of potential acid-producing rock (APR) and
treatment/handling recommendations.
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(i) Soil/Rock subgrade transition (longitudinal and transverse) details.

(J) Presence of boulders that may affect excavation.

(K) Special blasting requirements, such as presplitting or vibration
monitoring.

(D) Instrumentation and monitoring requirements (e.g., slope
inclinometers, etc.).

(m)Surface and subsurface drainage requirements

(n) Erosion protection during and after construction

2.3 Subgrade Recommendations

(a) Recommended subgrade parameters for pavement design.

(b) Subgrade treatment/stabilization (e.g., over-excavation and
replacement, geotextile/geogrid, lime, etc.)

(c) Pavement drain recommendations

(d) Need for subgrade-subbase separation

(e) Special consideration (for example, at-grade construction on
alluvial/colluvial soils with high water table, construction over mined
areas)

Note that pavement design is not part of the GER and must be
documented in a separate report.

2.4 Structure Subsurface and Foundation Summary — Detailed discussions of
subsurface conditions and foundation recommendations at structure locations are
presented in the Structure Foundation Geotechnical Report. Provide only a
summary of structure information in this section, including:

(a) Subsurface conditions at structure locations

(b) Anticipated structure foundation types

(c) Approach embankment and spread footing settlement potential, and
need for settlement quarantine period, surcharge, wick drains, etc.

(d) Global stability concerns

2.5 Miscellaneous

(a) Treatment of abandoned wells and springs.

(b) Anticipated construction issues (not related to specific
recommendation listed above) and recommended remedy.

(c) Subsidence related recommendations (e.g., exploratory air-track
drilling, impervious lining of swales in karst topography, void filling,
etc.).

(d) Stormwater pond recommendations (e.g., location with respect to
stability of proposed cuts and embankments, requirements of fill for
embankment construction, etc.)
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(e) Special requirements for culvert/drainage pipe (e.g., need for
foundation preparation, placing pipe on steep grades, etc.).

(F) Consideration of waste areas with respect to stability and settlement of
embankments, cuts and structures.

(9) Sinkhole Considerations and sinkhole treatments

2.6 Additional exploration/study (for Preliminary Design GER only)

(a) Recommend need for additional subsurface explorations (e.g., borings,
CPT, geophysics, etc.) and/or laboratory testing.

(b) Discuss geotechnical items that are considered critical to roadway
design of the project and require additional study/analyses.

These types of recommendations must only be included in the
Preliminary Design GER and not the Final Design GER. Needed
additional investigations or studies identified during the final design
phase must be immediately discussed with the DGE.

3.0 Geotechnical Analyses and Interpretation of Data — This section contains detailed
discussion of the recommendations provided in Section 2.0 of the GER. The
discussion must include data and parameters used, assumptions made, analyses
performed, alternatives considered, etc. to fully explain/justify the
recommendations. Organize/arrange this section in the same manner as Section
2.0 so that justification for recommendations can be easily found.

4.0 Soil, Rock and Geologic Setting — This section must contain information obtained
from published sources regarding the subsurface conditions at the site. This
information is most likely available from the Subsurface Exploration Planning
Submission. Information provided in this section must include:

e Physiographic Setting

e United States Department of Agriculture (USDA) soil types. A map
delineating the soil types must be included. A detailed description of each
soil type is not necessary; only discuss in detail those soil types that are
significant to the project geotechnically.

e Bedrock stratigraphy. Provide general descriptions, including type, color,
bedding, weathering, and jointing.

e Structural geology features (e.g., faults, anticlines, synclines, etc.).

e Engineering geology. Provide general information, including ease of
excavation, drilling rate, cut slope stability, and foundation stability.

e Pertinent geotechnical findings from published reports and maps (e.g.,
landslides, sinkholes, mining, etc.).

e Discussion of subsurface conditions encountered relative to/versus
anticipated geology.
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5.0 Reconnaissance — This section must document the findings from reconnaissance
performed at the site during this phase and earlier design phases. Include pertinent
findings from reconnaissance that help support geotechnical design
recommendations. Provide photos where appropriate and helpful to explain
conditions observed during reconnaissance.

6.0 Subsurface Findings — This section must be divided into two subsections, including
Subsurface Conditions and Laboratory Testing Summary.

6.1 Subsurface Conditions — This section must document all subsurface
explorations (e.g., borings, geophysics, CPT, test pits, etc.) performed at the site,
both during Preliminary and Final Design. Include in this section discussion of
instrumentation (e.g., piezometers, inclinometers, etc.) and field tests (e.g., vane
shear, pressure meter, etc.) performed. A plan view showing the locations of all
borings, CPT’s, test pits, geophysical surveys, instruments, etc. must be included
in the Appendix of the report. Logs and field instrumentation/test reports from the
investigations must also be included in an Appendix.

The text of this section must include a discussion of the types of Investigations
performed and instrumentation installed. Also, a brief discussion of the subsurface
conditions encountered must be included. Do not include a detailed written
discussion of the subsurface conditions since this is typically difficult to
comprehend. Use subsurface profiles and cross-sections, and tables as needed, to
present detailed subsurface information.

6.2 Laboratory Testing Summary — This section must document all laboratory
testing performed for the project. Provide a brief discussion of the tests performed
and the results. Utilize tables as needed to summarize laboratory test results. All
lab test reports must be included in an Appendix.

7.0 Environmental Concerns — This section must document any environmental
concerns associated with the project that are related to geotechnical activities
(e.g., earthwork, foundations, etc.). Typically, this section will summarize
findings from reports prepared by others on the project, in particular,
environmental scientists/engineers. Any geotechnical recommendations
associated with environmental concerns must be provided in Section 2.0.
Environmental items that must be considered include:

Wetlands

Acid-Producing Rock (APR)
Hazardous Waste
Underground Storage Tanks
Contaminated/Unclean Fill

8.0 Economic Considerations — This section must discuss any economic aspects of the
geotechnical work associated with the project. Items that must be considered are:
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e Presence of mineable coal or other minerals in proposed cuts or beneath the
proposed roadway.

e Presence of aggregate grade rock in proposed cuts or beneath proposed
roadway.

e Mass balance of the project earthwork. Is waste material marketable for use
as a construction material elsewhere? For borrow projects, is it possible and
more economical to adjust grade or modify/flatten cut slopes to obtain
necessary material from within project area.

e Possible cost saving options to limit right of way acquisition (e.g., use of
reinforced soil slopes to steepen embankment slopes, steepened cut slopes,
retaining walls, profile adjustment, etc.).

9.0 References — It is preferred that references used to prepare the
report/recommendations be included directly within the report text. A formal
listing is not necessary. If references cannot be included in the text provide a list
of the references in this section of the report. Any information from these
references relevant to the justification or recommendations provided in the report
that cannot be readily incorporated into the body of the report must be included in
the figures section or an appendix as appropriate.

Figures - Embed figures directly in the report when possible and appropriate. Place
figures that cannot be easily embedded within the report text in this section. Only
include figures that are value added and include as much information as possible
on the same figure. The following figures are required in this report and most
likely can be obtained from a previously prepared report (i.e., Subsurface
Exploration Planning Submission or Geotechnical Alternatives Analysis Report),
although some modifications/additions may be required:

1. Site Location Map — As discussed in the Introduction section of this report,
this figure must be a large enough scale so that someone not familiar with
the site can locate it.

2. Project Features Map — This figure must be scaled to focus on the immediate
project area. This figure must include topographic contours and surface
features (e.g., streams, rivers, roads, strip mines, etc.).

3. Geologic Map

Other “value added” figures must also be included in this section of the report.
These figures may include Maps from Open File Reports (i.e., sinkhole maps),
Mine Maps, Landslide Maps, Acid-Producing Map, etc.

Tables — Include tables that are not or cannot be embedded in the text of the report. This
includes summary tables of material that may also be presented in the appendices.
For example, a summary table for laboratory test results would be presented in
this section while the individual test results and work sheets would be presented
in the appendices.
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Appendices — Appendices must include data, analyses, special provisions, details, and
other necessary supporting information referenced in the report. The following
appendices are required:

Appendix A — Subsurface Exploration Plan, Profile and Cross-Sections

The Subsurface Exploration Plan must show the locations of all borings, test pits,
CPT’s, instrumentation, etc. Also, provide any subsurface profiles and cross-
sections prepared in this appendix.

The information obtained from the subsurface exploration and laboratory testing
programs must be included in the contract documents for the contractor’s use for
bidding/constructing the project. Publication 14M (DM-3), Chapter 5 provides
requirements for the Soil Profile Plans.

Graphically present the subsurface information on the roadway profile. Borings
must be shown at the station and elevation drilled along the profile, with the
boring designation, station, offset, and ground surface elevation indicated above
the boring. The graphical display must include standard symbols to identify soil
and rock type, and AASHTO classifications and rock type must be indicated
adjacent to the boring. The graphical display of the boring must also include SPT
N-values, rock core recovery, Rock Quality Designation (RQD), and groundwater
readings. Laboratory test results must be shown in a table on the same sheet the
boring is displayed. A lab test number must be assigned to each test, and that
number must be referenced on the graphical display adjacent to the corresponding
stratum. Strata in a boring that are not laboratory tested must be referenced to a
lab test number that is similar. Prefer subsurface exploration plans, profiles and
cross-sections to be submitted in 11x17 format separate from the text portion of
the report.

Appendix B - Typed boring logs, test pit logs, CPT records, etc.

Appendix C — Full Laboratory Test Reports

Provide individual laboratory test reports for each test performed. A Professional
Engineer licensed in the Commonwealth of Pennsylvania must certify that all
testing was conducted in a laboratory accredited by the AASHTO Materials
Reference Laboratory (AMRL) for the individual test methods conducted.
Appendix D - Calculations, Calculation Briefs, and Detailed Analyses

All calculations/analyses used to develop the recommendations presented in the

report must be included. Calculations/analyses must meet the following
requirements:
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e Where appropriate, a calculation brief should be included when it is
necessary to describe the rational or specific approach used in the
design or to clarify the calculation procedure.

e When appropriate, necessary or required, detailed analyses should be
included that cannot be efficiently included in Section 3.0 — Analyses
and Interpretation of Data.

e Include a list of method(s) and reference(s). Copies of charts or tables
used in the analysis are to be included with the calculations. Tables or
charts contained in the DM-4 or AASHTO Specifications need not be
duplicated.

e Be neatly prepared and organized

e Show all work, equations, description of variables, assumptions and
units

e Be checked and signed by an independent reviewer

e Be presented in a verifiable format

e Calculations done with a spreadsheet must be accompanied by a
representative hand calculation that comprehensively verifies results of
the spreadsheet. The hand calculation must meet all the above bullet
requirements.

e When calculations are performed using a computer program, input
parameters and output must be clearly presented.

e Except when using accepted Department software, supporting program
documentation and representative sample hand calculation(s) must be
provided. This information must describe the program, indicate the
program logic, design assumptions, and limitations, and show that
hand calculations match program results.

Justification must be provided for all soil and rock strata parameters that are used
in the calculations. For soil, these may include drained and undrained shear
strength (friction angle and cohesion), unit weight (moist and saturated), Young’s
modulus, consolidation properties (Cc, Cr, Cv) and others as needed. For rock,
these parameters may include unconfined compressive strength, unit weight and
others as needed. This justification must be provided in the beginning of the
Appendix. It is preferred that justification of parameters be based on direct
measurement from laboratory and/or field tests. If correlations are used, provide a
calculation that meets all the above requirements. Subsequent calculations that
use these parameters must reference this soil parameter justification/calculation.

Appendix E - Typical Details
Appendix F - Special Provisions
Others as needed

A transmittal letter must accompany the report. The transmittal letter from the design
consultant to the Department must note the contractual requirements with respect to the report
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and the status of the report (e.g., is it a draft or final report, are any addendums anticipated, etc.).
The Preliminary and Final Geotechnical Engineering Reports must be presented on standard
letter sized paper. Plans, profiles, cross-sections and figures that are not legible on standard letter
sized paper must be presented on 11x17 foldout sheets. Bullet points, tables, figures, sections,
etc. must be used where possible to clearly and concisely present the findings and
recommendations. The Final Geotechnical Engineering Report must include all the geotechnical
related contract documents, including subsurface exploration plan, profiles, and cross-sections,
details, and special provisions.

1.5.6 Subsurface Findings and Parameters Report - Optional

For large projects and/or projects with complex subsurface conditions, and particularly
where the subsurface exploration covers multiple design and construction sections, it is best to
prepare a Subsurface Findings and Parameters Report before preparing the Preliminary and/or
Final Geotechnical Report. Both field and laboratory explorations and testing are included in the
Subsurface Findings and Parameters Report. The data (borings and testing) is presented by
design/construction section, and a brief analysis and summary of findings is provided. The
summary also includes any recommendations where additional exploration may be beneficial or
required, based upon analysis of the data obtained from exploration and testing. Following the
summary, recommendations for soil and rock design parameters are presented. Justification for
the proposed parameters is included, so that a basis of acceptance exists for the Department.
With all subsurface and testing information presented and analyzed, and soil and rock design
parameters accepted, design work can proceed directly into final design for all sections
necessary.

This approach of preparing a Subsurface Findings and Parameters Report enables the
Department and its partners to assess conditions along the entire alignment and finalize soil and
rock design parameters for the alignment, before moving into final design. Approval of the
parameters by the Department before performing the analyses should eliminate or significantly
reduce rework, since rework is often the result of differing opinions on soil parameters.
Additionally, on large projects where numerous people, and possibly various consultants, are
performing geotechnical analyses, approval of the parameters before performing the geotechnical
analyses/calculations will save time and should yield more consistent results compared with
individual engineers/consultants developing parameters.

When the need for this report exists, it must be identified during project scoping so
adequate time and budget can be allotted. If the need for this report is not realized until after
scoping, it should be discussed with the DGE and PPM.

There is not a required format for this report, so the format should be agreed to and
documented in the scope of work. At a minimum, this report should include the following:

Subsurface Exploration Plan

Typed boring logs

Summary of laboratory test results and individual test reports
Field test results (e.g., CPT, vane shear, etc.)
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e Tabulation of recommended soil and rock design parameter.
e Justification of recommended parameters

1.5.7 Structure Foundation Report

The Structure Foundation Report is required for each structure on a project. This report
provides foundation recommendations and construction considerations for the proposed
structure. These reports are initiated, prepared and submitted after Type, Size and Location
(TS&L) approval for bridges and culverts, but are required to be submitted with the TS&L for
retaining walls and noise walls. The report requirements discussed in this section include the
requirements set forth in DM-4, Section 1.9.4.3.1 for a Standard Foundation Submission.

1.5.7.1 Submission Format and Content
The required format and content of the Structure Foundation Report is as follows:

Cover Page

Table of Contents

1.0 Introduction

2.0 Summary of Foundation Recommendations
3.0 Site Geology

4.0 Subsurface Exploration

5.0 Laboratory Testing Program

6.0 Foundation Design Considerations, Analyses, and Recommendations
7.0 Construction Considerations

8.0 References

Tables

Figures

Appendices

Cover Page — The cover page must contain the following information:

Title: Structure Foundation Report

Structure Description (e.g., S.R. over , etc.)

State Route and Section Number

Name of County, Pennsylvania

Prepared for: Pennsylvania Department of Transportation
Engineering District _-0

Prepared by: Design Consultant Name

Month and year report submitted

ECMS Number

BMS Number

Table of Contents — All pages in the report must be numbered.

1.0 Introduction — Provide a brief description of the project, including:
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¢ location of the project

e new or replacement structure

e type of structure and brief description (e.g., length, width, number of spans,
beam type, wall type, wall length, wall height, etc.)

In addition to a brief verbal description of project location, provide a Project
Location Map either embedded in the report or as a separate figure. The figure
must show contours and surface features (e.g., streams, rivers, strip mines, etc.)
and be scaled to concentrate on the project area. Ideally, use the Project Features
Map that was included in the Subsurface Exploration Planning Submission
prepared for the structure.

2.0 Summary of Foundation Recommendations — Provide a brief, concise list of
foundation design and construction recommendations discussed in Sections 5.0
and 6.0 of the report. This summary, or something similar, should also be
included on the Foundation Plan and Elevation drawing(s).

3.0 Site Geology — Provide a brief description of the geology of the project area based on
published information. This information and any associated map(s) needed should
be obtained directly from the Subsurface Exploration Planning Submission that
was prepared for the structure. Information in this section must include:

e Geologic formation(s) and general bedrock descriptions, including type,
color, bedding, weathering, jointing and faults. Generally, a map is not
required. However, if geologic features are significant to the structure
foundation provide a map(s) as needed.

e Engineering geology. Provide general information, including ease of
excavation, drilling rate, and cut slope and foundation stability.

e Pertinent geotechnical findings from published reports and maps (e.g.,
mining, sinkholes, landslides, acid-producing rock, etc.). Provide map(s) as
needed.

o If applicable, provide a stratigraphic column, for example when coal seams
are pertinent to foundation design.

e Existing obstructions, or potential for encountering obstructions during pile
driving operations.

Whenever practical, a tabular format is to be used when describing geology.

4.0 Subsurface Conditions — Provide a description of the subsurface exploration(s)
performed for the proposed structure. Information in this section must include:

e Type of investigation(s) performed (e.g., borings, geophysics, CPT, etc.).

e Total number of borings and CPT’s, coverage area of geophysics, etc. A
Subsurface Exploration Plan showing the locations will be provided in
Appendix A of the report.
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Description of instrumentation installed (e.g., piezometers, inclinometers,
etc.)

Contractor that performed the investigation(s) and the date(s) they were
performed.

Brief description of the general/typical subsurface conditions encountered.
A detailed description is not required. Include subsurface profiles, structure
borings and typed engineer’s field boring logs. Depending upon the number
of borings and the uniformity of the subsurface, it may be possible to
describe the typical conditions of the entire project area. Where the
investigation includes numerous borings and/or the subsurface conditions
are not uniform, it may be more beneficial to summarize based on individual
or groups of substructures. Include typical soil types, SPT N-value range
and average, bedrock type, and range and average of rock core recovery and
Rock Quality Designation (RQD).

Description of significant irregularities encountered (e.g., voids, soil filled
seams, coal seams, etc.)

Existing obstructions, or potential for encountering obstructions during pile
driving operations

Summary of water levels observed in the borings.

Summarize any other information obtained from CPT’s, geophysics,
instrumentation, etc.

5.0 Laboratory Test Results — Provide a description of the laboratory tests performed
and a summary of the results. A detailed description of the results is not required.
The individual, detailed laboratory test reports will be included in an appendix of
the report along with any necessary summary tables. Include photos of unconfined
compression test specimens after failure.

6.0 Foundation Design Considerations, Analyses, and Recommendations — Provide
foundation recommendations for the proposed structure, including the information
required by DM-4, Section 1.9.4.3.1, and provide justification and discussion of
the results of analyses to support these recommendations. Include soil and rock
parameters to be used in design, with calculations and references. Include cost
estimates/comparisons when appropriate. As applicable include:

Bottom of footing, pile and drilled shaft tip elevations for each substructure
Bearing material of foundation

Minimum footing embedment depth/frost penetration depth

Bearing resistance for spread footings on soil/rock

Pile type, size, tip reinforcement and resistances (strength and service limit
states)

Pile driving criteria (e.g., Case 1, 2, etc.)

Drilled shaft diameter(s) and resistances (strength and service limit states)
Estimation of foundation settlement

Scour depth and countermeasure recommendations

Corrosion recommendations
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e Pile downdrag potential and mitigation

e Seismic design parameters and liquefaction potential

e For bridge replacement or widening projects, information on existing
foundations (e.g., type of foundation, footing and pile/shaft tip elevations,
etc.) and performance of existing foundations (e.g., signs of settlement,
instability, etc.).

7.0 Construction Considerations — Provide construction related considerations and
recommendations for the proposed structure. Additionally, provide justification
and discussion to support the recommendation. As applicable include dewatering,
blasting, shoring/parameters, existing foundations, pile monitoring (PDA),
vibrations, redriving, over-excavation/class C, foundation notes (plans or
specifications), obstructions (known or potential) during pile driving operations,
required geotechnical involvement during construction.

8.0 References - It is preferred that references used to prepare the
report/recommendations be included directly within the report text. A formal
listing is not necessary. If references cannot be included in the text provide a list
of the references in this section of the report. Any information from these
references relevant to the justification or recommendations provided in the report
that cannot be readily incorporated into the body of the report must be included in
the figures section or an appendix as appropriate.

Tables - Include tables that are not or cannot be embedded in the text of the report. This
includes summary tables of material that may also be presented in the appendices.
For example, a summary table for laboratory test results would be presented in
this section while the individual test results and work sheets would be presented
in the appendices.

Figures - Embed figures directly in the report when possible and appropriate. Place
figures that cannot be easily embedded within the report text in this section. Only
include figures that are “value added” and include as much information as
possible on the same figure. The following figures are required in this report and
most likely can be obtained from a previously prepared report (i.e., Subsurface
Exploration Planning Submission), although some modifications/additions may be
required:

1. Site Location Map — As discussed in the Introduction section of this report,
this figure must be a large enough scale so that someone not familiar with
the site can locate it.

2. Project Features Map — This figure must be scaled to focus on the immediate
project area. This figure must include topographic contours and surface
features (e.g., streams, rivers, roads, strip mines, etc.).

3. Geologic Map
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Other “value added” figures must also be included in this section of the report.
These figures may include Maps from Open File Reports (i.e., sinkhole maps),
Mine Maps, Landslide Maps, Acid-Producing Rock Map, etc.

Appendices
Appendix A — Foundation Plans and Structure Borings
Appendix B — Typed Engineer’s Field Boring Logs
Appendix C — Driller’s Logs
Appendix D — Core Box Photo Logs
Appendix E — Full Laboratory Test Reports*
Appendix F — Subsurface Profiles and Calculations/Analyses
Appendix G — Geotechnical Details and Special Provisions
Appendix H — Applicable Quality Assurance Forms:
Foundations (Form D-505)
Substructures (Form D-514)
Integral Abutments (Form D-515)
Proprietary Retaining Walls (Form D-516)
Flexible Retaining Walls (Form D-517)

* Provide individual laboratory test reports for each test performed. A
Professional Engineer licensed in the Commonwealth of Pennsylvania
must certify that all testing was conducted in a laboratory accredited by
the AASHTO Materials Reference Laboratory (AMRL) for the individual
test methods conducted.

1.5.7.2 Foundation Submission Letter

A foundation submission letter must accompany the report and include the information
indicated in DM-4, Section 1.9.4.3.1. It may be advantageous to use a table or tables to present
the required information in a concise, comprehendible manner. This submission letter from the
design consultant to the Department must note the contractual requirements with respect to the
report and the status of the report (e.g., is it a draft or final report, are any addendums
anticipated, etc.). The report must be presented on standard letter sized paper. Plans, profiles,
cross-sections and figures that are not legible on standard letter sized paper must be presented on
11x17 foldout sheets. Bullet points, tables, figures, sections, etc. must be used where possible to
present the findings and recommendations clearly and concisely.

1.5.8 Foundation Design Guidance Report

A Foundation Design Guidance Report is required for Design/Build projects where an
“As-Designed” foundation is not provided by the Department, in which case the Design/Build
team (contractor and engineer) is responsible for preparing the Structure Foundation Report. The
purpose of this report is to provide the results of any subsurface exploration and
recommendations of permissible foundation types to the Design/Build teams. Requirements for
this type of report are included in Publication 448, Chapter 3, Section 3.2.3.1.
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1.6 GEOTECHNICAL INVOLVEMENT DURING CONSTRUCTION

Before construction, it is important to consider whether involvement from Department
and/or consultant geotechnical staff during construction is necessary and/or beneficial. The need
for involvement may be dictated by the requirements of a special provision, such as when
geotechnical related items control the flow or sequence of work (e.g., quarantine requirements
for settlement, slope stability, etc.). The need for involvement could also be dictated by a critical
or complex geotechnical issue that the DGE deems is necessary to review and/or confirm
construction activities. If geotechnical staff involvement is deemed to be necessary or
potentially beneficial, appropriate provisions must be made to arrange for these services. If a
consultant is needed, a scope of work must be developed and included in a post
design/construction services agreement. If Department geotechnical staff is to be used, the PPM
and DGE must also develop a scope of work to ensure that in-house staff has the capability and
availability to perform the anticipated work.

1.6.1 Requirements for Geotechnical Specialist During Construction

During the design phase, constructability issues should have been considered when
developing design recommendations, including the geotechnical recommendations. Although
constructability is considered during design, geotechnical staff involvement is often beneficial or
crucial during construction for a variety of situations or conditions reasons, some of which are
discussed below.

1.6.1.1 Unforeseen Subsurface Conditions

Although borings are performed during the design phase to estimate subsurface
conditions, in actuality, these borings sample only a miniscule amount of soil and rock
underlying a project site. When operations occur during construction (e.g., fill placement,
soil/rock excavation, shallow foundation exploration in difficult geology, deep foundation
installation, ground improvement, etc.), subsurface conditions differing from those anticipated
from the borings are sometimes encountered or claimed to have been encountered. When such
situations occur, geotechnical staff may be needed to verify a change in conditions and, if
necessary, modify recommendations made during the design phase, provide recommendations
for previously unanticipated conditions, or provide related guidance to facilitate the continued
flow of construction activities (i.e., keep the project moving).

While it is generally not anticipated if unforeseen or differing subsurface conditions will
be encountered, the potential for encountering unforeseen or differing conditions should be
considered. The nature of some geologic settings does increase the potential for encountering
unforeseen, differing or difficult subsurface conditions. Overall project subsurface conditions are
difficult to predict from a collection of individual borings. This may be the case, for example,
when the bedrock is pinnacled, such as in limestone and dolomite formation, in complex
geologic settings, or in areas of past mining activity. Also, if obstructions such as cobbles and/or
boulders are encountered in borings, it is difficult to predict the actual size and quantity/volume
of the obstructions underlying the site during design. As a general rule of thumb, the more
complex the subsurface conditions and proposed construction are, or the greater the level of past
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human activity (e.g., mining, excavation, filling, etc.) the more likely it is that subsurface
conditions interpreted from the borings during design may vary from or be more complex than
the subsurface conditions encountered during construction.

1.6.1.2 Geotechnical Instrumentation

Geotechnical instrumentation (e.g., piezometers, inclinometers, settlement plates/sensors,
earth pressure cells, etc.) is sometimes used on projects to estimate the response of the
subsurface to loads from embankments and structures, to verify design assumptions, or to
provide necessary control of the nature or pace of construction activities. While many areas of
geotechnical engineering are, by nature of the variability of subsurface materials, addressed with
a deliberately low level of precision (and, therefore, appropriate levels of conservatism, factors
of safety, or load and resistance factors), for geotechnical instrumentation to be effective, an
exactly opposite approach must be taken for its planning and execution. A deliberately high level
of precision and care must be practiced to manage the variability and unknowns of subsurface
conditions if the results of the instrumentation are to be of any value to the project.

The importance and necessity of a well planned and executed geotechnical
instrumentation plan cannot be understated. This includes:

Understanding the subsurface conditions and nature of the construction
Understanding the need and purpose for the instrumentation

Planning for both the types and layout of instrumentation

Proper design of the instrumentation data acquisition system

Proper installation

Adequate maintenance and protection of components

Actual data acquisition

Interpretation of the data to address the purpose or problem the instrumentation
was intended to address

Adequate redundancy of instruments and instrument types

e Inclusion of necessary restrictions and/or construction control in contract
specifications.

A poorly planned and/or executed instrumentation program can, at the very least, result in
inefficient construction, an inefficient design, or unverified construction quality or adequacy, but
much worse can result in construction delays, claims, failures, or possibly injury or death.

When instrumentation is used, several associated tasks typically must be completed.
These tasks and requirements are best suited for a geotechnical specialist. Some typical
instrumentation tasks include:

1. Review of submittal(s) - A submittal is required by the contractor, which must be
reviewed by a department representative, to identify the specific instrumentation
that is proposed to be used. Project specifications must require proof that all
instrumentation is properly calibrated and fully functional before installation.
Project specifications must address and provide requirements for the maintenance,
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care and protection of all instrumentation, and specify replacement requirements,
penalties and recovery plan in the event of damage or non-functioning
instrumentation. The equipment proposed must meet project specifications and
needs.

2. Instrumentation installation - The instrumentation must be installed/ constructed.
The project specifications must provide detailed installation and performance
requirements, personnel experience and requirements, the needed qualifications of
personnel to inspect all installations, and the requirements for verifying proper
operation and function.

3. Data collection - Data must be collected from the instruments. Collecting data
from instruments can range from physically using a probe, such as an
inclinometer or water level indicator, to downloading data from a website when a
remote/wireless collection system is used, such as from a vibrating wire
instrument. The project specifications must provide the requirements and
experience of personnel collecting the data, and requirements for frequency and
method of data collection, storage of data, and transfer of data.

4. Data interpretation - The collected data must be compiled and
reviewed/interpreted, and the project specifications must provide criteria for if,
when and/or how to proceed with construction. For example, pore pressure from
piezometers and/or settlement from settlement monitors must be evaluated to
determine if embankment can be placed. Project specifications must require that a
geotechnical specialist with the required experience and knowledge, and that was
involved or fully familiar with the design, be involved with interpreting and
evaluating the data from the instruments. The project specifications must indicate
the required qualifications and experience of the geotechnical specialist.

1.6.1.3 Ground Improvement

Ground improvement techniques, including compaction grouting, jet grouting, stone
columns, wick drains, vibro-compaction, lime/cement stabilization and others, are becoming
more widely used on projects. Successfully completing this work is highly dependent upon
preparation of an organized, complete and detailed specification that addresses both necessary
operational requirements and performance criteria. The specification must be adhered to and
should follow generally accepted industry practices. The specification must require that a
geotechnical specialist either involved with the design or thoroughly familiar with the design and
the ground improvement system and technology specified, oversee the work during construction.
When ground improvement is used, several tasks typically must be completed during
construction. These tasks must be performed by a geotechnical specialist. Typical tasks
include:

1. Review of submittal(s) - A submittal is required from the contractor, which must
be reviewed by a Department representative, to identify the specific materials,
equipment, procedures, etc. that will be used to ensure that they meet the
specifications.

2. Oversight of the test section - It is required that the contractor perform a test
section to demonstrate that the proposed materials, equipment, procedures, etc.,

1-70



PUB. 293, Chapter 1 — Geotechnical Work Process, Tasks and Reports April 2025

function and perform in a manner that will satisfy project goals and requirements,
and meet all performance requirements. If satisfactory results are not obtained
from the test section, the contractor must propose changes that are acceptable to
the Department and perform a new test section demonstrating satisfactory
performance.

3. Inspection and monitoring - The ground improvement “production” work must
also be closely inspected and monitored, to ensure that the approved materials,
equipment, procedures, etc. are being used, and to provide accurate and thorough
documentation. Monitoring and documentation are critical to successfully
completing ground improvement projects.

4. Performance testing - All ground improvement techniques must require
performance testing to ensure that the necessary and required improvement to the
subsurface was achieved. This performance testing must be observed by a
Department representative. The results of the performance tests must be evaluated
by a Department representative to determine if the ground improvement work
meets the intended goals, or if additional ground improvement work is necessary.

1.6.1.4 Deep Foundations

Deep foundations, including driven piles, micropiles and drilled shafts are commonly
used to support structures. Installation of these foundations should always be observed by a
Department Representative, but in some cases this oversight should be provided by a
geotechnical specialist. Situations that warrant oversight by a geotechnical specialist are
discussed below.

1.6.1.4.1 Soluble Bedrock

Deep foundations bearing on or in soluble bedrock, like limestone, dolomite, and marble
often have extreme variation in the top of rock surface, so additional care is needed during
installation to evaluate the required pile or shaft tip elevation. A geotechnical specialist may be
better suited to compare observations made during construction with subsurface information and
design assumptions to determine the adequacy of the installed foundations.

1.6.1.4.2 Obstructions

Deep foundations may be installed in subsurface conditions containing obstructions, like
cobbles, boulders, and demolition debris. Encountering obstructions with individual deep
foundation elements is generally very unpredictable, even when the results of the subsurface
exploration indicate the potential for encountering obstructions. When obstructions have been
encountered during the design subsurface exploration or are otherwise suspected, it is important
to ensure that foundation elements are extended to competent bearing material and not founded
on an obstruction. In situations where obstructions are indicated as a possibility or otherwise
suspected, it is important to make sure provisions have been included in the contract to address
this potential. This may include predrilling requirements to get past the obstructions, or
exploration of the subsurface at each foundation element before installation, to check for
obstructions. Such investigations are usually performed with small diameter, rapid penetration
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drilling equipment without sampling (i.e., are-track drilling). Additionally, encountering
obstructions during installation of deep foundations is often costly and may result in contractor
requests for additional compensation (e.g., claims, change orders, etc.). When the potential for
obstructions is indicated or suspected, it is important to have detailed records of installation
procedures, observations during installation, etc., from a trained geotechnical specialist to aid in
evaluating compensation request(s) from the contractor.

1.6.1.4.3 Air Track Drilling

Deep foundations that utilize air track drilling to help establish tip elevations, rock socket
lengths, etc. Air track drilling is often used during construction to help estimate the top of
bedrock when the design subsurface exploration revealed “extreme” variations in the top of rock,
and to help identify the location of voids, soils seams, weak rock (claystone) below the top of
rock. It is important that a trained geotechnical specialist, who is familiar with and understands
the geologic setting and the proposed construction observe and document the air track drilling
and foundation installation to better ensure that competent and adequate foundations are
constructed.

1.6.1.4.4 Drilled Shafts

Drilled shafts typically carry large axial and/or lateral loads, and often very few shafts are
used to support a single bridge substructure. Therefore, unlike a typical driven pile foundation,
there is often little redundancy when drilled shafts are used. Each shaft carries a very high
portion of the total load. Thus, any undetected problems in any one shaft will present a
significant potential risk. Consequently, it is critical that drilled shafts be installed to the proper
depth, and that appropriate means and methods be used to install them. A geotechnical specialist,
who is familiar with the design, geologic setting and the proposed construction, can help ensure
that shafts are constructed in competent materials that provide the resistance required to satisfy
design needs. Drilled shafts require a rock socket to carry axial and/or lateral loads, and a
geotechnical specialist should evaluate rock socket conditions to ensure that all design
assumptions are valid. Drilled shafts also often require special testing during and after
construction, including cross hole sonic logging, mini SID (submerged inspection device)
testing, sounding of shaft bottom, drilling (coring or destructive) below the bottom of the shaft,
testing of drilling slurry (typically polymer), etc., that the geotechnical specialist must be
qualified to assess.

1.6.1.4.5 Micropiles

Micropiles used on Department projects typically require a rock socket to provide axial
and lateral resistance, and micropiles are often used where voids, soil seams, weak rock layers,
etc., underlie a project site. Therefore, it is important that the micropile rock socket be installed
in adequate bedrock to support the proposed loads. Determining the adequacy of the rock socket
is typically based on the response of the drill rig (e.g., rate of drill stem advancement, down
pressure, water pressure, sound, etc.) and the type of cuttings that exit the drill hole. The drill
operator is often relied upon heavily to evaluate these conditions due to their experience
installing micropiles. For proper QA assessment, a geotechnical specialist should observe and
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document all conditions during installation, communicating with the drill operator to ensure that
an adequate, suitable rock socket is obtained for foundation installation. With close observation
of the drilling, the geotechnical specialist can prevent excessive pile lengths (i.e., reduce cost)
and can track quantities, depths and/or socket lengths necessary to satisfy design requirements,
and fully document pile installation (including item quantities for quality control and assurance,
or for payment calculation).

1.6.1.4.6 Friction Piles

Friction piles generally require more judgment to determine when adequate bearing
resistance is achieved compared to piles driven to refusal. A Pile Driving Analyzer (PDA) is
typically used with the test pile(s) to help set the end of driving criteria. However, due to natural
variations in subsurface conditions, assessment for pile capacity is not always as simple as
following prescribed PDA criteria during production pile driving. With review of PDA records,
available boring information, and close observation of pile driving operations, a qualified
geotechnical specialist can help ensure adequate capacity in difficult or unusual pile driving
conditions.

1.6.1.4.7 Augercast or Continuous Flight Auger (CFA) Piles

Successfully installing augercast piles relies heavily on observations made during
construction, including grout pressure, rate of auger withdrawal, grout injection rate/volume, and
more. Equipment calibration is also critical. Oversight of augercast pile installation should be
provided by a geotechnical specialist familiar with the subsurface conditions, the design
requirements and the proposed construction. The geotechnical specialist must have experience
and knowledge with the installation of augercast piles in order to help ensure the quality of
construction, and to ensure that the final product will function as required and provide the
required capacities.

1.6.1.4.8 Contractor Submittals

Contractor submittals are required for numerous deep foundation types, including
micropiles, drilled shafts, and augercast piles. These submittals are required to document
contractor experience, proposed materials and methods to be used, load testing and QA/QC
procedures, and more. Review of these submissions by a geotechnical specialist having
knowledge and experience with the proposed construction, the specific deign, and the site
subsurface conditions is important to make sure that the planned construction is adequate, design
requirements are satisfied, and that the quality and adequacy of the product is verifiable.

1.6.1.5 Acid-Producing Rock (APR)

Acid-producing rock exposed in project cuts for roadways and/or structures can cause
extreme environmental problems and prove to be very costly. Projects where design subsurface
explorations identify acid bearing rock, or where published information or experience indicates
acid-producing rock may be present, should use a qualified geotechnical specialist to observe
excavation activities. Identifying acid-producing rock quickly is imperative to prevent or
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minimize negative environmental impacts and prevent or mitigate impacts to the project. If the
project is one where encountering APR is anticipated, the qualified geotechnical specialist can
ensure that the planned mitigation is adequate and properly executed. If it is a project where the
potential for encountering APR exists, then the qualified geotechnical specialist can provide the
oversight necessary to identify if such materials are encountered, assist in developing a
mitigation plan to address the problem, and ensure that the mitigation plan is properly executed,
while assisting to minimize impacts to the project.

1.6.1.6 Voids

Voids beneath a project site, either naturally occurring from the solutioning of soluble
bedrock (i.e., limestone, dolomite, marble) or human-made from mining, will require treatment if
they are known or anticipated to impact the proposed construction, or have an impact on long
term performance. Whether to treat voids will typically be determined during the design phase,
although often the exact extent/limits of the void are not known at this time. Additionally, voids
not identified by the design subsurface exploration may be encountered during construction.
Whatever the situation, the geotechnical specialist can provide assistance and a level of
assurance that:

The locations of anticipated voids are properly identified

The existence and extent of the anticipated voids are verified

Proposed mitigation of anticipated voids is properly monitored and executed
Unforeseen voids are identified and delineated

Effective mitigation proposals for the unforeseen voids are developed

Mitigation of unforeseen voids is properly monitored and executed

Quantities required for payment are tracked

Voids are adequately filled, and verification of such is provided (assuming means
or measures exist to assess the adequacy of void filling operations).

NN E

1.6.1.7 Landslide Remediation

Landslide remediation projects are often challenging since the construction work must be
performed within an unstable area, and there are frequently other constraints (such as
maintenance of traffic or right-of-way restrictions) that control or limit stabilization options.
These projects commonly:

e Require adherence to a strict construction sequence

e Have restrictions on stockpile locations, haul road locations, working in adverse
weather conditions, length of excavation limits and more

¢ Include instrumentation such as slope inclinometers and piezometers

e Require judgment to determine if modifications to contract plans or control of
construction activities are required due to observations made or conditions
encountered during construction

e Require careful monitoring of subsurface conditions and slope movement during
remediation activities.
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This work should be conducted under supervision of a qualified, on-site, geotechnical
specialist, to ensure that the mitigation plan is properly executed and constructed. The on-site
geotechnical specialist may also be able to identify potential problems with the planned
mitigation, and/or provide options to either avoid such problems or adjust the plan when
anomalies are encountered.

1.6.1.8 Temporary Shoring

Contractor submittals are required for temporary shoring conditions. These submittals are
required to document the proposed design, materials, and methods to be used for the temporary
shoring. Review of these submissions by a geotechnical specialist, either in house or by
consultant reviewer, having knowledge and experience with the design and proposed
construction of the temporary shoring is required.

1.6.2 Geotechnical Pre-Construction Meeting

Any project involving specialty geotechnical work, sensitive or complex geotechnical
issues or conditions, significant foundation work, complex or difficult subsurface conditions,
large earth structures, mitigation of geotechnical hazards, or repairs of geotechnical related
failures or instabilities, should have a pre-construction meeting that includes the DGE or their
representative (who is familiar with the project including subsurface conditions, the design and
proposed construction activities) and project construction personnel. A geotechnical pre-
construction meeting should be considered for the types of projects discussed in Section 1.6.1,
and possibly others. The meeting should cover any of the conditions discussed above to:

Provide a situational awareness and understanding of the condition(s)

Establish necessary relationships, channels of communication, and protocols
Define responsibilities, constraints and needs (of all parties)

Plan and coordinate any activities required during construction

Identify any potential weakness in coordination efforts

Establish protocols to address any anticipated or unforeseen problems

Identify specific problems or conditions that are anticipated or have a potential for
developing.

Noook~wbdPE

Benefits of a geotechnical pre-construction meeting may include:

1. The geotechnical specialist can make the inspection staff aware of specific areas
of the project that are of geotechnical concern (e.g., unstable ground, landslide
and settlement prone areas, sinkholes, potential areas of acid-producing rock, etc.)

2. The geotechnical specialist can identify geotechnical details and/or special
provisions that are in the contract and describe their purpose and importance.
Explaining the purpose/rational behind these will aide inspection staff during
construction if questions arise.

3. The geotechnical specialist and construction inspection staff can discuss possible
variations to the subsurface conditions that may be encountered and how it affects
the proposed details and special provisions.
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4. The construction inspection staff can ask specific questions regarding the contract
plans, details and special provisions. They can also discuss any concerns with the
proposed construction and discuss ways to complete the work. The use of
alternate details, methods, materials, etc. can be discussed.

5. Contact information of geotechnical and inspection staff can be exchanged so that

if geotechnical related questions arise during construction they can be addressed
in a timely manner.
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2.1 INTRODUCTION

This chapter of the publication provides guidelines, recommendations, and considerations
for performing both office and field reconnaissance. Numerous references are discussed that
should be used for performing office reconnaissance, and guidelines and recommendations are
provided to aid in performing field reconnaissance.

The term “reconnaissance” is generally defined as a “preliminary survey to gain
information”. From a geotechnical engineering standpoint, reconnaissance refers to the search of
available information to gain an understanding of the topographic and geologic features of a
project site. The term reconnaissance used herein refers to both office and field reconnaissance.
Office reconnaissance consists of locating and reviewing topographic and geologic information,
and any available geotechnical records from past projects at or adjacent to the proposed project
location. Available information typically includes maps, reports, publications, and aerial
photographs. Field reconnaissance consists of physically inspecting the project site to observe
and document topographic and surficial geologic features.

Office reconnaissance should typically be performed before field reconnaissance.
Information obtained from office reconnaissance will usually be more general in nature
compared to site specific observations made during field reconnaissance. Field reconnaissance is
used to further investigate significant findings identified during office reconnaissance, and to
make observations that are not possible from the information reviewed during office
reconnaissance.

2.1.1 Purpose

The primary and global purpose of the reconnaissance phase of geotechnical engineering
is to obtain the information necessary to develop and support a subsurface investigation (and lab
testing) plan that is appropriate for the proposed design and construction activities.
Reconnaissance also provides a valuable source of documented existing conditions along the
proposed alignment that can serve to help identify specific design and/or construction needs. One
of the main objectives of reconnaissance is to gain an understanding of the subsurface conditions
(i.e., soil, rock, and water) at a project site without or before performing a subsurface exploration
(e.g., borings, test pits, etc.). Published information is almost always available to indicate the
type(s) of rock that underlie a site, and oftentimes information is available to provide an
indication of soil type(s) and thickness. Published data can also provide preliminary information
relative to groundwater conditions. Visual observation, assessment, and identification of soil and
rock in natural exposures, stream/riverbeds/banks, roadway cuts, excavations, etc., may also
provide information on soil and rock types underlying a project site.

Another main objective of reconnaissance is to observe topographic features, both from
available information and site observations. Topographic features such as terrain, landslides,
vegetation, seeps, and others may provide insight on the underlying soil and rock. Additionally,
site observations are needed to gain an understanding of the access and equipment needs to
complete the subsurface exploration and may provide insight on project constructability.
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The information obtained from reconnaissance is used for subsequent geotechnical tasks.
In most cases, the information will be used to help develop the subsurface exploration program.
In cases where a subsurface exploration will not be performed, for example possibly during the
Alternatives Analysis or Preliminary Design Phase of a project, the reconnaissance information
may be used to help formulate preliminary geotechnical recommendations.

2.1.2 Level of Effort

Reconnaissance may be required during each phase (i.e., Alternatives Analysis,
Preliminary Design, and Final Design) of a project in which geotechnical involvement is needed,
or it may only be needed during one phase of a project. When reconnaissance is needed, the level
of effort required to adequately complete reconnaissance will vary based on the:

Phase of the project

Type, size, and complexity of the project
Complexity of the topography and subsurface
Presence of geohazards

Amount of available information

In general, as the project advances through the various design phases, reconnaissance will
become more detailed and focused since the roadway alignment, profile, structure location(s),
etc., are better established. Additionally, as more geotechnical information is obtained
throughout the design phases, reconnaissance should be concentrated on those areas that are or
appear to be geotechnically significant.

Projects that include an Alternatives Analysis Phase, like a new roadway alignment, are
generally considered to be complex. Reconnaissance performed during the Alternatives Analysis
must include all the alignments being considered; therefore, although reconnaissance must be
thorough, it does not necessarily have to be overly detailed because the main purpose of the
Alternatives Analysis is to identify pros and cons of the various alignments to help select the
preferred alignment. As the project progresses through the preliminary and final design phases
with the single, preferred alignment, more detailed reconnaissance is required to aid in providing
geotechnical design and construction recommendations. Projects that do not involve alternatives
analysis, such as roadway widenings and/or structure replacements, may only require one phase
of reconnaissance since a detailed reconnaissance can most likely be completed at the onset of
the project.

2.1.3 Presentation of Findings

Relevant findings from office and field reconnaissance must be documented in the
appropriate geotechnical report(s). This is very important to both provide a record of the
information reviewed and relevant findings and to allow the information to be easily retrieved
and used during subsequent phases of the project. Proper documentation will help ensure that
important information is not overlooked and effort to perform this work is not duplicated during
a latter phase of the project. A detailed discussion of these requirements is provided in Chapter 1
of this publication.
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It is most useful to present relevant features identified during office and field
reconnaissance on project specific mapping. This presentation helps to better understand the
location of the features with respect to the proposed project and potential impact of the various
conditions and gain a “global” sense of project conditions and needs. For example, it is useful to
show bedrock formation contacts, faults, anticlines/synclines, landslides, and other features that
are or may be relevant to the geotechnical design and/or construction as they relate to one
another. Features that cannot be presented on project mapping must be shown such that their
location to the project can be determined. Relevant information that cannot be shown on
mapping must be summarized in the text of the report.

2.2  OFFICE RECONNAISSANCE

Office reconnaissance should typically be performed before field reconnaissance. Office
reconnaissance commences with a search for available information on topography, soils, and
geology. Available information must be reviewed, and relevant/potentially significant
geotechnical information should be further investigated during field reconnaissance. Included in
this section are common sources of geotechnical related information. These sources, which
include maps, publications, reports, aerial photographs, and others, should be used to perform
office reconnaissance. Note that sources and links presented below were current as of May 2016;
however, it is likely that at least some of these sources/links will change over time.

2.2.1 Project Plans, Profiles, and Cross-Sections

Any available project specific plans, profiles, and cross-sections must be reviewed. This
may include information from previous projects at the site. These not only have to be reviewed
to gain an understanding of the project, but they may reveal information important to the
geotechnical aspects of a project. Landforms and terrain (i.e., geomorphology) are the first
indicators of subsurface conditions. If project specific mapping with contours is available, it
should be studied carefully for information it can offer in assessing geotechnical needs and
concerns. For example, steep terrain could be an indication of colluvial/talus slopes, shallow
bedrock, bedrock outcrops, or landslide potential. Hummocky and/or downslope “bulging”
terrain could also be an indication of landsliding. Flatter terrain may be an indicator of weak
soils that are not able to support “steep” slopes and may be an indicator of soft soils.

Review of the project specific plans also provides an indication of areas where
subsequent field reconnaissance should be concentrated. These areas include deep cuts, high
fills, structure locations, steep terrain, low lying/wetland areas, and areas of irregular topography.
However, regardless of the topographic features or the proposed construction, field
reconnaissance must be performed for all areas of the project because topographic features are
not necessarily indicative of subsurface conditions.

2.2.2 Project Specific Geotechnical Information

Once the proposed alignments are reviewed, project specific geotechnical information, if
available, must be obtained and reviewed. Consultants must request this information from the
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Department. Project specific geotechnical information will most likely not exist for projects that
involve new alignments; however, there may be useful information from nearby roadways and/or
structures. Existing geotechnical information should exist for roadway widening/improvement
projects and for structure widening/replacement projects. Project specific information could
include geotechnical reports, roadway subsurface profiles, structure boring tracings, design
drawings, boring logs, and as-built plans. The Department’s gINT database will be a primary
source of geotechnical information as it becomes populated with gINT project files. However, as
of 2016, only Central Office and the Districts have access to the Department’s gINT database.
Therefore, Districts can provide relevant gINT project files to Business Partners, or Business
Partners can request that Districts provide any existing relevant gINT project files for reference.
Project specific geotechnical information will be more detailed compared to information
obtained from published sources; therefore, it is very important to obtain and review. This
information is not only important to review to help prepare the subsurface exploration program,
but it also may be of enough quality/detail to reduce the scope of the subsurface exploration
program. Care should be taken when assessing existing subsurface information as standards for
data collection have evolved over time. It is important that the procedures and practices used to
obtain the information are identified and understood.

2.2.3 Topographic Maps

As previously discussed, topographic maps can provide very useful geotechnical
information. Topographic maps include contours at various intervals depending on the slope of
the terrain and scale of the map, and these maps show natural and cultural features. Topographic
maps also can be used to evaluate site access, which is important when planning field
reconnaissance and subsurface explorations as well as constructability as a project evolves.
These maps should be one of the first items reviewed during office reconnaissance.

Topographic maps were first published by the United States Geological Survey (USGS)
in 1882. Most USGS map series are divided into quadrangles bounded by two lines of latitude
and two lines of longitude. For example, a 7.5-minute quadrangle map, covers an area of 7.5
minutes of latitude by 7.5 minutes of longitude. Note that, although quad maps appear to cover a
rectangular area, they are not exactly rectangular due to the curvature of the earth’s latitude and
longitude lines. Common published scales for USGS quad maps in order of decreasing detail are
provided in the table below.

Quadrangle Size Scale Equivalent R[e)presentation in Map
istance
7.5 minute 1:24,000 1 inch = 2,000 feet
15 minute 1:62,500 1 inch = approx. 1 mile
30 x 60 minute 1:100,000 1 inch = approx. 1.6 miles
1-degree x 2-degree 1:250,000 1 inch = approx. 4 miles

USGS topographic maps, which include maps that cover Pennsylvania, can be downloaded free
of charge from the Downloadable USGS Topographic Maps.
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Project specific mapping is typically done to a large scale of 1:600 (1 =50"), which is
much more accurate than published topographic maps. However, sometimes smaller scale
mapping can provide a better overall “picture” of the project site and can reveal information that
larger scale mapping cannot. For example, landslides and/or unstable slopes, alluvial
deposits/fans, and sinkhole features are sometimes more apparent on smaller scale mapping.
Published mapping is also advantageous to review because mapping is typically available from
various time periods (i.e., decades or centuries). Review of mapping from various time periods
can indicate past land usage and reveal features that are no longer visible or apparent. For
example, over time, stream/river channels may have meandered or filled in, railroads may have
been abandoned, and mine workings (e.g., deep mine opening, strip mine, mine spoil, etc.) may
have been reclaimed. Additionally, over 5,000 Historical Topographic Maps covering areas of
Pennsylvania are available online from the USGS website. These maps may also be useful for
investigating past land uses and changes in topographic features.

Topographic maps are also important to review because they can provide an indication of
geotechnical items that may require further/careful exploration. For example, ground contours
provide extremely useful information. A project site located in an area of closely spaced contours
indicates steep terrain. Steep terrain typically indicates the presence of colluvium, relatively
shallow bedrock, and/or bedrock outcrops. The soils on these steep slopes are often at their
natural angle of repose; therefore, cut slopes excavated steeper than the natural slope angle may
not be stable, and surcharge loads (e.g., embankment fill, pavement, structure, etc.) placed on
these slopes may not be stable without special geotechnical treatments. Irregular, hummocky,
and downbhill sloping/bulging contours could also be an indication of landsliding. Conversely, a
project site containing widely spaced contours indicates flat or gently sloping terrain. Flat terrain
could be a sign of past landsliding due to underlying weak material, and it can be an indication of
soft, wet soils.

2.2.4 Aerial Photography and Imagery

Aerial photography is the process of taking photos of the ground using a camera that is
typically mounted to an operated or remotely operated aircraft (e.g., plane, helicopter, drone,
etc.). If remotely operated aerial surveillance or drones are used for aerial photography, they
must maintain compliance with all federal, state, and local regulations regarding operations and
use. Aerial photography is another source of topographic and geologic information that is
extremely useful during office reconnaissance and should be reviewed for new roadway
alignment projects and landslide remediation projects. Roadway widening and structure
replacement projects may not benefit from the review of aerial photography; therefore, it is the
District Geotechnical Engineer’s/Project Geotechnical Manager’s (DGE/PGM?’s) responsibility
to determine if review is necessary. Also, note that satellite imagery of a project site is
commonly available to view, and can be used in the same manner as aerial photography.

2.2.4.1 Non-Rectified Aerial Photography
Non-rectified aerial photographs have not been corrected for camera tilt, lens distortion,

changes in terrain elevations, and flying height. These photographs cannot accurately be used to
measure true distances; however, they are still useful in reviewing project history and features.
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The Pennsylvania Geological Survey (PGS) Library maintains collections of hard copy
non-rectified aerial photographs from 1946 to 1999. These photos must be viewed at the PGS
library located in Middletown, PA. The photographs are not available electronically. These
photographs can be checked out for up to one month, and appointments for obtaining them may
be scheduled online using the Calendar for PGS Library Appointments.

The PGS collections are from the U.S. Geological Survey and U.S. Department of
Agriculture (USDA). Coverage area is statewide and photograph scales vary from 1:20,000 to
1:80,000. The photography includes both leaf on and leaf off (i.e., the presence or lack of
foliage), most are black and white, but some of the photographs are color infrared. The PGS
collection of aerial photographs consists of four (4) series, and they include:

Agricultural and Stabilization Conservation Series (1946-1981)

U.S. Geological Survey (mostly late 1960’s and 1970’s)

National High-Altitude Program (NHAP, initiated in 1980)

National Aerial Photography Program (NAPP, late 1980’s thru 1999)

An online source for non-rectified aerial photography is currently housed and made
accessible through Pennsylvania Spatial Data Access (PASDA). The PGS had thousands of
historical (1937—72) aerial photographs from the Agricultural and Stabilization Conservation
Series scanned and put online.

The USGS offers their aerial photography and other imagery on their Earth Explorer
website. Some low-resolution images may be downloaded for free. However, users are charged a
fee for higher resolution images.

One of the limitations of non-rectified vertical aerial photography is the lack of apparent
relief. To view aerial photography in three dimensions, a mirror stereoscope is used to look at
stereopairs of photographs. A stereopair consists of a pair of photos with enough overlap
(typically 60%) between successive photos. Ideally, the review of aerial photography using a
stereoscope should be performed by a trained individual, typically a geologist with experience
viewing aerial photography. However, even an untrained eye can detect important features from
aerial photographs.

When reviewing aerial photographs, it is best to obtain photographs taken during as many
different time periods as possible. Review of photos from different time periods may reveal
important features which may not be visible at present time. This could include excavations from
small quarry or mining operations that have been backfilled (possibly with waste
material/debris), or buildings that have been demolished but still have foundations in place.
Review of photos may also show changes in the topography and vegetation, which can be an
indication of the presence of seeps/water or landsliding. Tonal variations (changes in the color or
shade of the topography) can be an indication of dense vegetation (darker shades) due to the
presence of water, and tonal differences can be the result of abrupt changes in topography due to
landsliding (e.g., head scarp, toe bulge, etc.). Changes in stream/river location can also be
observed.


https://www.pa.gov/services/dcnr/schedule-a-time-to-visit-the-pennsylvania-geologic-survey-library.html#accordion-92cf2aa7e4-item-dafc339c09
https://www.pasda.psu.edu/
http://earthexplorer.usgs.gov/
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Site specific aerial photography provided by commercial aerial-photography companies
can also be useful to complete the project reconnaissance if available and/or necessary.

2.2.4.2 Digital Orthorectified Aerial Photography

Orthorectified aerial photography, which is commonly termed digital orthophoto, digital
orthophotograph, or digital orthoimage, has been geometrically corrected or “orthorectified”
such that the scale is uniform, and the photo has the same lack of distortion as a map. The digital
photo has been corrected so that its pixels are aligned with the longitude and latitude lines and
have small defined coverage. Orthophotos can be used directly to measure true distance because
the photo has been adjusted for topographic relief, lens distortion, and camera tilt. As part of
office reconnaissance, a good preliminary project base map consisting of superimposed
topographic contours on a digital orthophoto base should be obtained. Digital orthophotography
can be accessed at several online sources. A few of these sources are listed below:

e Pennsylvania Spatial Data Access (PASDA) is the official public geospatial
information clearing house for the Commonwealth of Pennsylvania. The
Pennsylvania Imagery Navigator (PIN) has been developed by PASDA for fast
and easy access to digital orthophotography and other imagery.

e Another source for aerial photography is the Department’s Photogrammetry Asset
Management System (PAMS). This site is for a geographic search for available
aerial photography as well as traditional survey data (ground control and
benchmark information).

e 7.5-minute digital orthophotos covering Pennsylvania with topographic contour
overlay can be downloaded from the USGS.

2.2.4.3 LIDAR Imagery

Light Detection and Ranging (LiDAR) is a surveying method that uses laser light to
measure distance and create a three-dimensional image. LiDAR can be used to survey the ground
surface or structures, and LiDAR data can be collected using ground based or airborne
equipment. Due to the large number of data points that are collected, LIDAR can be successful at
penetrating vegetation to accurately survey ground surface. However, in heavily vegetated areas,
such as coniferous areas, LIDAR survey may not be successful. A LIDAR Data set for the entire
Commonwealth of Pennsylvania can be found on PASDA’s website.

2.2.5 Published Geological Information

Valuable information with respect to soils and geology is available through the
Pennsylvania Department of Conservation and Natural Resources’ Bureau of Topographic and
Geological Survey (DCNR and PGS), and much of the information is available electronically at
the DCNR PGS Publication Index. The following publications and mapping products must be
reviewed for all projects if applicable.
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2.2.5.1 Pennsylvania Geological Interactive Maps

The Pennsylvania Geological Survey Interactive Map provides bedrock geologic
mapping statewide. The user can locate the project location and determine what geologic
formation(s) are present in and around the project. A brief description of the formation(s) is also
provided. In addition to bedrock geology, earthquake epicenters, mapped sinkholes/closed
depressions, and glacial limits are included. All the data presented on PGS interactive geologic
map can be extracted to GIS or AutoCAD formats or to Google Earth. Customized PDF files of
maps can also be created using the application/tool available on the website.

Similarly, valuable information can be found using eMapPA, which is a GIS based
website and mapping tool that focusses on the display of geologically and environmentally
relevant data. In addition to DEP-permitted facilities, there are over 50 map layers relating to
administrative and political boundaries, culture and demographics, mining, streams and water
resources, and transportation networks.

2.2.5.2 Pennsylvania Geological Publications

The PGS maintains a web page that includes links to Geologic Publications specific to
Pennsylvania. This web page should be used to determine if relevant publications are available
for the project area. If available, publications covering the project area should be reviewed for
pertinent information. If a publication of interest is not available online, the PGS can be
contacted through a link on the web page to determine how to obtain it.

PGS Map 61, Atlas of Preliminary Geologic Quadrangle Maps of Pennsylvania,
compiled and edited by Berg and Dodge (1981) is no longer in print but can be accessed online.
This publication can be used to determine the geologic formation(s) underlying most project sites
throughout the state. If the 7.5-minute quadrangle map that contains the project area is not
included in Map 61, then the 7.5-minute quadrangle is addressed in greater geologic detail in
another PGS publication. Note Map 61 is dated, and numerous geologic maps, publications, and
GIS based online mapping applications have since been released providing more detailed
geologic mapping than in Map 61.

PGS Environmental Geology Report 1 (EG-1), Engineering Characteristics of the Rocks
of Pennsylvania, by Geyer and Wilshusen (1982) is also a very useful publication. After
determining the geologic formation(s) present at the project site, EG-1 can be used to obtain
preliminary engineering information about the project bedrock formation(s). Bedrock
information in this publication includes description of rock type(s), bedding, fracturing and
weathering, drainage, foundation and cut slope stability, ease of excavating and drilling, and
porosity and permeability. Bedrock geology information can also be obtained online from the
PGS Interactive Geologic Map.

2.2.5.3 PGS Open-File Reports

The PGS completed a series of investigations to map karst features in carbonate rocks in
Pennsylvania. Locations of surface depressions, sinkholes, and surface mines and caves were
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compiled. Results of these investigations were released in a series of county based open-file
reports. The reports consist of a series of 7.5-minute quadrangle maps that contain the location of
karst features on a geologic base map. A list of these open file reports can be found on the PGS
Open-File Reports on Karst Features. Alternatively, the PGS maintains a PGS Sinkhole
Inventory Database.

2.2.5.4 Open-File Miscellaneous Investigation (OFMI) Report 05-01.1

Open-File Miscellaneous Investigation (OFMI) Report 05-01.1, Geologic Units
Containing Potentially Significant Acid-producing Sulfide Minerals (2005) includes a map of the
state indicating areas where bedrock may contain sulfide deposits, which when exposed, could
lead to the production of acidic drainage (i.e., acid-producing rock). This report should be
consulted for all projects to determine if acid drainage may be a concern on the project so that
appropriate planning/investigations can be taken.

2.2.5.5 Open-File Surficial Geology (OFSM) Reports

Surficial geologic maps depict unconsolidated deposits overlying bedrock. These maps
are primarily concentrated in the north and northeast glaciated portions of the state and provide
detailed landform information. These open-file reports are available online at Open-File Surficial
Geology Reports.

If the project area is covered by one these reports, they are very useful as they map
surficial deposits that are prone to slope stability problems and identify surficial deposits that are
known to cause slope stability issues. The maps also contain isochore lines that indicate the
approximate thickness of surficial overburden deposits. This information can be used to
preliminarily determine approximate boring depths, which is an important aspect of planning a
subsurface exploration program. The surficial geology maps portray a variety of deposits,
including alluvium, boulder deposits, alluvial fans, wetlands, fill deposits, colluvium, glacial till,
glacial lake clay deposits, and bedrock.

2.2.5.6 Landslide Susceptibility

The USGS has published numerous Professional Papers, Open-File Reports, and
Miscellaneous Field Studies Maps related to landslide susceptibility. These publications include
mapping of landslide susceptible areas and inventory of historical and active landsides. Most of
these reports and maps focus on the Pittsburgh and surrounding region. These publications are
available from the USGS Publications Warehouse. For example, initiate a search for
“Pennsylvania Landslides” to get a list of available publications. If the project is within the
Williamsport 1- by 2-degree quadrangle, the PGS Environmental Geology Report titled
Landslide Susceptibility in the Williamsport 1- by 2-degree Quadrangle, Pennsylvania, by
Delano and Wilshusen (1999) must be reviewed. This publication includes a landslide
susceptibility map and supporting text. This publication is now available online at the following
link: Landslide Susceptibility in the Williamsport Quadrangle.
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2.2.5.7 Stratigraphic Columns

The Department of Conservation and National Resources (DCNR) and the Pittsburgh
Geological Society provides stratigraphic columns for central and western Pennsylvania to
represent the vertical location of rock units. A typical stratigraphic column displays a sequence
of rocks arranged with the youngest rock unit at the top and the oldest rock unit at the bottom.
Most of these figures focus on the Pittsburgh and surrounding region. The DCNR stratigraphic
column figures are available online as well as the Pittsburgh Geological Society stratigraphic
column of the Pittsburgh region.

2.2.6 Other Maps and Publications
2.2.6.1 Coal Deposits and Mine Maps

Subsidence associated with the underground extraction of coal is a prevalent geologic
hazard. After coal is removed from the ground, the roof of the mine begins to collapse. The
sagging of rock layers may propagate to the surface. Land subsidence can be devastating to a
roadway, bridge foundation, retaining wall, or other highway structure. According to the
Pittsburgh Geological Society, areas situated more than 200 feet above an abandoned room and
pillar mine generally do not suffer major damage from subsidence caused by abandoned mines.

Coal deposits and mined coal seams are predominantly located in the Main Bituminous
Field in the western part of Pennsylvania. There is a small bituminous field in the north central
part of the state (primarily District 3-0), and there are some anthracite coal fields in the eastern
(central and northern) part of the state. These coal fields are shown on the PA DCNR Map 11,
Distribution of Pennsylvania Coals.

If a project site is located within the Bituminous or Anthracite Coal Fields of
Pennsylvania, research should be performed to determine if the project site is subject to mine
subsidence. The Pennsylvania Department of Environmental Protection (DEP), Bureau of
District Mining Operations should be contacted to obtain a Coal Status Report for the project
site. Currently, the California District Mining Office handles all requests for obtaining mining
information at a project site. Information on how to obtain a Coal Status Report can be found
online.

The PGS has numerous publications related to coal deposits and mining. Mineral
Resource Reports M 89 thru M 94 are useful because they contain information on coal crop
lines, mined-out-areas and structure contours for several counties, including Allegheny, Butler,
Fayette, Clarion, Washington, and Westmoreland.

The Pennsylvania Mine Map Atlas is also a useful source for coal mining and oil/gas well
information. This Atlas contains Works Progress Administration (WPA) Mapping that was
drawn in the 1930’s. All mining shown on these maps is assumed to have taken place before
1935, and “active” oil/gas wells shown on these maps most likely are no longer active.
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Historical mine maps can be obtained from the National Mine Map Repository (NMMR).
The actual maps are not available online. The website only lists a map inventory to determine
which maps are available. To obtain actual copies of mine maps, contact the NMMR directly.
Contact information is available on their website. There is a processing fee charged by NMMR
for mine map requests. Small requests are typically sent via email, but for larger requests the
mine maps are copied to a CD and sent by mail. The entire mine map collection of the NMMR
resides in the Pittsburgh, PA office.

2.2.6.2 Flood Maps

Flooding on a project site can be destructive and life-threatening, so it is important to
account for the impact of possible flooding from rising river levels or more extreme
precipitation. Land-borne flooding may occur in rivers when the flow rate exceeds the capacity
of the river channel and overflows banks or may occur due to an accumulation of rainwater on
saturated ground. Planning for flood safety involves many aspects of analysis and engineering
that should be considered during office reconnaissance, including:

Observation of previous and present flood heights and inundated areas
Statistical, hydrologic, and hydraulic model analyses

Mapping inundated areas and flood heights for future flood scenarios
Long-term land use planning and regulation

Each topic presents distinct yet related questions with varying scope and scale in time,
space, and the people involved. USGS provides useful flood resources and hydraulic maps
(historic and interactive) that includes water availability, flood areas, surface drainage
precipitation and climate, geology, availability of ground and surface water, water quality and
use, and streamflow characteristics. Federal Emergency Management Agency (FEMA) has Flood
Maps searchable by an address or longitude and latitude coordinates. Also, Pennsylvania has a
source for Flood Map Information.

2.2.7 Water Well Inventory and Water Resource Publications

Often planning of a subsurface exploration involves drilling in proximity to water supply
wells and springs. The construction phase of the project may involve blasting and/or large
quantities of earth moving. All these activities can have the potential to adversely impact water
supply wells in both quality and quantity. Therefore, it is necessary to research and locate any
existing water supply wells or springs that may be adversely impacted. The following resource
should be used to locate water supply wells and springs that may be impacted by a subsurface
exploration or construction activities. In addition, the hydrologic information can provide some
indication of the presence and depth of groundwater in terms of its impact on construction and
influence on the engineering properties of soil and rock.

The PGS maintains the Pennsylvania Ground Water Information System (PaGWIS) that
consists of a large Access database containing data for wells, springs, and groundwater quality
throughout Pennsylvania.
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2.2.8 Soil Survey Publications

General soils information may be obtained by consulting the U.S. Department of
Agriculture (USDA) county soil survey report. These reports, which may be accessed through
the local Natural Resources and Conservation Service (NRCS) office or online via the NRCS
Web Soil Survey, provide soils mapping overlain on aerial photographs and descriptions of soil
map units. The soil survey provides tables of soil physical and chemical properties and suitability
for various uses. Soil classifications in these publications are based on the USDA system, not the
engineering classification systems (i.e., USCS or AASHTO) typically used for roadway/structure
projects and are generally intended more for agricultural use. However, if site specific soil
information is not available from test borings, these USDA publications can provide an
indication of the soil conditions to be expected on a project site.

2.2.9 Previous Subsurface Exploration Data

If a project is on or near an existing alignment, previous subsurface information may be
available and requested from the DGE/PGM. Existing geotechnical information and well drilling
logs, if available, can contain relevant information. This information can be useful in setting
preliminary boring locations and depths. The Department’s gINT database will be a primary
source to obtain previous subsurface exploration data. This database will be populated with gINT
project files, and queries can be performed to search for nearby projects. Currently, only Central
Office and Districts have access to this gINT database. Therefore, Districts can provide relevant
gINT project files to Business Partners, or Business Partners can request that Districts provide
any existing relevant gINT project files for reference.

Most Department projects consist of improvement or replacement of existing alignments,
structures, and facilities. Often roadway geotechnical engineering reports, structure foundation
reports, construction records, as-built drawings, and/or pile driving records for existing structures
are available. If available, maintenance records for nearby roadways and structures can provide
indications to subsurface conditions and provide long term characteristics of the site.

2.2.10 Previous Site Use

It is important to obtain and review any documentation of previous site use particularly
those that could identify the potential for hazardous waste. The knowledge and identification of
hazardous subsurface materials could affect the subsurface exploration approach as well as
specific project needs. If potentially hazardous materials are discovered, adjustments to the
subsurface exploration may need to be made to protect the onsite workers and to comply with
environmental regulations. If during office reconnaissance or the subsurface exploration
potentially hazardous substances are determined to be present within the project area, the PGM
should notify the DGE and discuss potential adjustments to the subsurface exploration or the
need for necessary precautions during subsurface explorations.

Other previous site uses to be considered is whether there is a potential for archeological

artifacts to be discovered at the site or if the site was previously used as a drainage area or basin.
If there is a potential for artifacts to be discovered, an archeological investigation should be
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completed before commencement of the subsurface exploration. The PGM should confirm with
the DGE as to whether an archeological investigation is required before the commencement of
the subsurface exploration. If the site was previously used as a drainage area or basin, the
potential of an active sinkhole area should be considered.

2.3 FIELD RECONNAISSANCE

After review of the proposed alignments and available geotechnical information, field
reconnaissance of the proposed alignments, including structure locations, is required. Ideally,
perform field reconnaissance after the alignments have been field located with flagging/stakes by
others. Field reconnaissance of all alignments is required, and the full length of the alignments
must be viewed. However, concentrate on portions of the alignments identified as potentially
significant (from a geotechnical perspective) based upon review of available geotechnical
geological information and the proposed construction. Some examples include:

e Aerial photographs showing lush vegetation may indicate seeps and springs that
could result in early warning signs for possible locations for landslides

e Mapped sinkholes, landslides, mines, spoil piles, etc.

e Areas of gently rolling terrain that are often favorable, but may also be an
indicator of subsurface conditions unable to support steep slopes

e Rapidly changing contours and bodies of water that may indicate rapidly
changing subsurface conditions

If significant rock cuts are proposed along an alignment, obtain representative rock
discontinuity (bedding and joints) measurements from outcrops or cut slopes and identify
potential needs for rockfall control and/or mitigation. These measurements can be used in a
conceptual design stereonet analysis to estimate permissible rock cut slopes. Estimating slopes of
deep rock cuts are valuable in determining approximate required limits of disturbance and
earthwork balance.

Locate pertinent geotechnical features observed during field reconnaissance on project
mapping. A camera and a hand- held GPS unit are very useful for performing this task, and a
high level of accuracy is not necessary at this phase of the project. If necessary, flag areas of
interest for later conventional survey by a licensed surveyor to locate features on project
mapping. Reconnaissance performed during the Alternatives Analysis Phase is intended to
identify significant features that may have an influence on the selection of the preferred
alignment, may require specific attention during later design phases, and will assist in
scoping for the next phase of design. More detailed field reconnaissance is conducted during
the Preliminary Design Phase once the preferred alignment has been selected.

It is essential for the PGM to complete field reconnaissance to develop firsthand
appreciation of the geologic and topographic conditions, and become well-informed of
geotechnical issues, site access, and drilling/construction conditions present at a project site. As
previously stated, field reconnaissance should proceed only after completion of office
reconnaissance and, if private property is involved, after Notice of Intent to Enter Letter(s) have
been received by property owner(s). Completion of office reconnaissance aids in identifying
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geotechnical issues of concern that the PGM should focus on during field reconnaissance. All the
information collected during office reconnaissance should be present during field
reconnaissance. This enables the PGM to verify findings and document any site conditions that
do not agree with the office component of reconnaissance including project maps, plans,
sections, subsurface profiles, and as-builts, etc.

The main objective of field reconnaissance is to determine the key geotechnical issues
that will have an influence on the project design. Some examples of field conditions that are
important to geotechnical exploration and design include:

Terrain

Soil exposure
Creek/Stream/Riverbeds/Banks/Scour
Rock Outcrops

Utilities

MPT planning for drilling

Wetlands

Guiderail — post spacing

Hazardous materials

2.3.1 Dirilling and Boring Location Observations

During field reconnaissance, proposed test boring or geotechnical testing site locations
and field conditions should be identified and/or reviewed, documented, and photographed. Field
confirmation of these locations is required. The PGM must verify that the proposed boring
location and drilling method will successfully obtain the required geotechnical information
needed to complete the design. Correct placement of borings reduces or eliminates the need for
additional borings that increase cost and time necessary to complete the subsurface exploration.
During the review, document all potential and/or observed utilities, site restrictions, required
traffic control, private properties, environmental concerns, accessibility, and any other features
or conditions that may impact the execution of a subsurface exploration.

Identify the type of drilling required or confirm that the proposed type of drilling is
actually the best suited for the given site conditions. Revise drilling methods according to site
conditions if necessary. Note potential drilling issues such as shallow groundwater, artesian
conditions, loose or heaving sands, cobbles or boulders, pinnacled rock, and voids. Local
experience and knowledge (including residents), topographic maps, and well information are a
few of the more valuable tools to identify potential artesian conditions. Every effort should be
made to identify potential artesian conditions as these could be especially problematic during
drilling operations. If the investigation proposes special sampling equipment, verify its
applicability and practicality during field reconnaissance.

Complete an initial determination of what type of drilling equipment is best suited for the
terrain and the anticipated subsurface conditions. Depending on the project, more than one type
of drill rig may be needed to complete the subsurface explorations. Exploration equipment, drill
rigs, grout mixers, and support equipment access should be reviewed and photographed to
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determine if site access improvement will be required before commencement of the subsurface
exploration program. If access improvement will be required, document appropriate equipment
needed such as a bulldozer or skid-steer. In addition, if water will be required for drilling, a
source of water should be identified and documented along with any conveyance needs to supply
water to the drilling equipment.

Observe and document any potential problems with utilities such as overhead and
underground power lines, gas lines, and telecommunications lines. Although utility clearances
(i.e., PA One Call) will need to be obtained before the subsurface exploration begins, the
locations of the utilities can influence where borings can be located and ultimately the design of
the project. Observe and note traffic control requirements according to Publication 213 to
accomplish the field exploration program. Consider the practicality of the proposed subsurface
exploration program with respect to public inconvenience and travel delays. If borings are
planned over water, reconnaissance should note the required size of barge best suited for the job,
locations for launching the barge, depth of water, and barge anchoring details.

2.3.2 Environmental/Property Damage Considerations

Identify and document any potential impacts the exploration program may have on local
groundwater and surface water. Note the presence of any wetlands. If the project is near a
watercourse determine if erosion and sedimentation control is required to prevent or mitigate the
amount of turbid drill water from entering the watercourse. Determine if property damage will or
may result from the movement of drilling equipment and drilling activities. For example, trees
may need to be cut, or benching may need to be completed. Anticipate what types of site
restoration will be required to repair potential site and property damage.

2.3.3 Site Conditions

There are numerous features and observations that are important with respect to the
geotechnical aspects of the project. Some of these features that should be considered while
performing field reconnaissance are: condition/performance of existing facilities (pavements,
embankments, cut slopes, guiderail, structures, etc.), soil and rock exposures,
subsidence/sinkholes, mine subsidence, acid drainage, dead/stressed vegetation, stained ground,
scarps, seeps, wetlands, hummocky terrain or bulges, bent or tilted trees, tension cracks in the
ground or pavement, tilted or irregular guiderail, and evidence of acid-producing rock.

2.3.3.1 Rock Exposures/Outcrops

Examine and/or photograph outcrops or exposures that warrant future investigation
(detailed structural/discontinuity mapping). Preliminarily assess the stability of existing rock
slopes and evaluate relative performance. Measure orientation of bedding and cut slope angle. If
possible, indicate rock folding and faulting, seepage, joint patterns, and strata breaks or marker
beds.
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2.3.3.2 Sinkholes/Karst

For project areas underlain by carbonate bedrock (limestone and dolomite), the PGM
should confirm the presence of mapped or known sinkholes and closed depressions, identify any
other karst features not currently mapped, and determine if there is a known sinkhole history.
Determine if surface mining operations are located nearby. If karst features are identified, their
dimensions should be measured and photographed if it is safe to do so.

2.3.3.3 Mine Subsidence

For projects located in the anthracite or bituminous coal fields of Pennsylvania,
subsidence associated with underground mining is of concern. After coal is removed from the
ground, the roof of the mine often begins to collapse over time. The sagging of rock layers may
propagate to the surface resulting in land subsidence. The PGM should cautiously and
thoroughly investigate the project site for signs of mine subsidence, especially if the review of
mine maps indicate mining has occurred less than 200 feet beneath the project.

2.3.3.4 Seeps/Perched Groundwater

Seeps are probably the most common feature present in landslides and landslide prone
areas. Seeps typically indicate high or perched groundwater. High groundwater causes soil to
become saturated, which in turn decreases the shear strength of the soil. Additionally, saturated
soils are heavier than unsaturated soils; therefore, they cause increased driving force, which
promotes slope instability. Saturated soil can also result from broken or leaky water (potable,
storm drainage, or sewer) pipes and from concentrated flows of stormwater runoff. Often seeps
and wet areas will be characterized by areas of lush vegetation and vegetation typical of
wetlands.

2.3.3.5 Unstable Slopes/Landslide Features

Hummocky terrain is typically present in areas of current or past landslides or unstable
slope activity. Slope failures generally do not produce uniform displacement of soil throughout
the sliding mass. Additionally, larger slope failures often have smaller failures develop within
the larger slide area. Thus, where landsliding has occurred, the ground surface is generally a
hummaocky or non-uniform slope.

Where trees are present on a slope that is moving, or has moved, the trees will typically
be tilted or bent. If both new and old growth trees are tilted, that is an indication that failures are
more recent. If only old growth trees are tilted and bent and new growth trees are straight, then
slope movement most likely occurred in the past and the slope is currently not moving. The
limits of the tilted/bent trees can be a good indication of the limits of the landslide.

More obvious signs of slope failures include the presence of scarps, tension cracks in soil
and/or pavement, or tilted/misaligned guiderail. Scarps develop at the failure surface, where
material has moved downward, usually at the top and along the sides of the slide. Scarps,
particularly associated with active landslides, are commonly sparsely vegetated. When a failure
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occurs, earth materials move downhill, and the materials at the top of the slide experience
tension. If enough movement occurs, cracks may form perpendicular to the direction of
movement at the crown of the landslide. These cracks, sometimes referred to as tension cracks,
are typically continuous or are made up of numerous smaller cracks and generally extend the
entire width of the landslide.

If a slide is active, these tension cracks will typically widen as movement continues.
Tension cracks may not be present in areas where landsliding occurred in the past and is not
ongoing due to erosion and filling of the tension cracks. Tension cracks can form in pavement,
which are oftentimes more pronounced due to the rigid nature of pavement compared to soil.

Where roadways with guiderail exist within a project, the alignment of the guiderail can
provide an indication of slope movement. Guiderail that is tilted or is not in a relatively
consistent alignment most likely indicates slope movement. This movement may be more of a
surficial nature, particularly where guiderail is installed near the top of the slope and the slope is
steeper than 2H:1V. Misaligned guiderail can also result from poor compaction near the edge of
the slope.

2.3.3.6 Structures

Before field reconnaissance for structure replacement or widening projects, review past
inspection reports. During field reconnaissance for a subsurface exploration in support of a
structure design, document and photograph any existing structures or abandoned foundations that
may impact the design and construction of the new structure. Look for any signs of settlement or
lateral movement. If suspected, surveying may be required to determine the magnitude of
movement.

For structures that span bodies of water, inspect structure footings if exposed and the
stream bank up and downstream from the structure for evidence of scour. The presence of riprap
around a bridge foundation may indicate a past scour problem, particularly for older structures.
Movement of riprap can also be an indication of scour. Observe and document if cobble or
boulder size material is present within the stream bed because this can impact drilling production
and/or drilling technique.

2.3.3.7 Hazardous Materials

Discuss potential for encountering hazardous materials on the project site with project
environmental staff. It is likely that a Phase | Environmental Site Assessment has been
completed before field reconnaissance. If documentation indicates the project site does contain
or may contain hazardous materials, special attention should be made during field
reconnaissance to locate and further document these areas. Some signs of the presence of
hazardous materials include prior land use (e.g., gas stations, etc.), stained/mottled soil, little or
no vegetation, and odors. In addition, observe and document any signs of previous drilling
investigations or excavations such as patched or damaged asphalt, and hummocky ground
surface. Observe the topography of the project site and determine the general groundwater flow
direction. Look for signs of active or historic remedial activities such as monitoring wells, and

2-17



PUB. 293, Chapter 2 — Reconnaissance in Geotechnical Engineering April 2025

onsite remediation systems (e.g., vent pipes, etc.). Information pertaining to the procedure if
hazardous/contaminated materials are encountered during any phase of the geotechnical
investigation is specified in Publication 222, Section 103.09(e).

2.3.3.8 Acid-Producing Rock

The presence of acid-producing rock (APR) is widespread in Pennsylvania and could
have a significant impact on a project; therefore, it is important to determine if it may be present
as early as possible. As discussed in Section 2.2.5.4, the Pennsylvania Geological Survey has
produced a map of potentially acid-producing rocks (OFMI Report 05-01.1). This reference
should be the first step in determining if a project may be impacted by APR. Check this map and
any other publications that may be available to determine if the project lies in an area where APR
is known to be present. Also, check if past local projects encountered APR. During field
reconnaissance, observe and document any indications of the presence of APR, such as yellow or
orange precipitate in stream bottoms and/or heavily corroded metal pipes. As indicated in OFMI
Report 05-01.1, in most cases in Pennsylvania acidic drainage involves the weathering (i.e.,
exposure to air and water) of iron sulfide minerals. The most common iron sulfide mineral is
pyrite, and the less common are pyrrhotite and marcasite. Coal, dark/black shales, rocks with
pyritic minerals, and rocks with low amounts of calcareous minerals (i.e., acid buffering
minerals) should be especially considered as having the potential to produce acidic drainage. If
any indications of APR are documented or observed on a project, follow the provisions presented
in Chapter 10 for additional information.
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3.1 INTRODUCTION

This chapter of this publication provides guidelines, recommendations, and
considerations for planning and executing subsurface exploration programs. Included are
minimum requirements for number, location, and depth of test borings depending upon the
complexity of the planned construction, the complexity and severity of the geologic conditions,
and the risks and costs associated with system failure and/or service interruption. This chapter
also discusses drilling equipment, tools, procedures, and other topics associated with subsurface
explorations not addressed in Publication 222.

The subsurface exploration program is one of the most important geotechnical tasks for
most projects. A properly planned and executed exploration program will provide the
information needed to perform geotechnical analyses and develop geotechnical design
recommendations. Consider that all transportation facilities and related assets are constructed on
earth materials (i.e., soil and rock). Next, consider that unlike virtually all other construction
materials (e.g., concrete, steel, aggregates, etc.), earth materials are not manufactured so there are
no manufacturing quality control programs for these unprocessed natural earth materials. Lastly,
realize that there is an extremely high level of variability in these earth materials. Consequently,
the subsurface exploration and laboratory testing programs are the main tools used to estimate
the earth material properties/characteristics that underlie a site.

It must be understood that all projects are unique, and the subsurface exploration program
for each project must be carefully contemplated and planned to fit the needs and constraints
specifically associated with the project. Simply using the minimum requirements indicated in
this chapter for preparing the subsurface exploration program is not an acceptable
approach — they are absolute minimum requirements. While there may be instances of
relatively uniform, non-complex, favorable subsurface conditions where these minimum
requirements could suffice, following the absolute minimum requirements will often result in
inadequate or insufficient subsurface information to efficiently (i.e., safely and cost effectively)
design the geotechnical features of the project.

Before planning the subsurface exploration, several tasks discussed in Chapter 1 of this
publication must be completed. These include review of plans, profiles, and cross-sections,
review of available geotechnical data, and field reconnaissance. As previously discussed, the
proposed subsurface exploration program must be documented in a “Subsurface Exploration
Planning Submission”. Requirements for this submission are included in Chapter 1 of this
publication. This submission must be reviewed and approved by the District Geotechnical
Engineer (DGE) before performing the exploration. The subsurface exploration must be
administered and performed according to requirements in Publication 222.

A useful reference when planning or performing a subsurface exploration program is the

latest version of “Subsurface Investigations — Geotechnical Site Characterization”, Publication
No. FHWA NHI-01-031.

3-1



PUB. 293, Chapter 3 — Subsurface Explorations April 2025

3.1.1 Purpose

The purpose of a subsurface exploration is to characterize the materials (soil, rock, and
groundwater) underlying the project site. Characterization includes identifying the material
types, physical properties, depths, thicknesses, and ground water conditions present at the
specific boring/testing location. This includes collecting soil and rock samples for laboratory
testing in order to establish the soil and rock parameters needed for geotechnical analyses and
design. The detail these materials must be characterized will depend on several factors, including
the design phase of the project (i.e., Alternatives Analysis, Preliminary or Final Design), the
complexity of the proposed construction, the complexity of the subsurface conditions, and the
risks and costs associated with failure of the various facilities and sub-facilities involved, and
service interruption. As examples:

e A subsurface exploration performed during the Alternatives Analysis Phase will
be less comprehensive than explorations performed during the Preliminary and
Final Design Phases.

e Complex projects, like new alignments and large structures, and projects in urban
settings, will require a more detailed exploration compared to less complex
projects, like minor roadway or bridge widenings and bridge replacements.

e Projects underlain by complex subsurface conditions, like carbonate rock, folded
and faulted stratigraphy, mined areas, problematic soils, landslide prone areas,
etc., will require a more detailed exploration compared to less complex subsurface
conditions like horizontal stratigraphy or dense/competent overburden soils.

e Projects involving limited access and/or high ADT routes, significant potential
service interruption, routes for emergency services, major economic impacts,
excessive detours, or other similar high risk or major consequence conditions may
dictate a more extensive subsurface exploration to mitigate risks and/or severe
consequences.

As a project progresses through the various design phases, information obtained from
previous phases must fully be used in the subsequent design phases. At a minimum, the
previously obtained information should aid planning of future subsurface explorations and,
where possible, supplement, complement, or verify final design explorations. When possible,
borings drilled during the Alternatives Analysis and Preliminary Design Phases of a project
should be located and drilled to depths that meet the requirements of the Final Design subsurface
exploration. When possible and appropriate, in-situ testing should also be performed to aid in
optimization and efficiency of Final Design.

3.1.2 Subsurface Characterization

The following must be performed to adequately characterize the subsurface conditions at
a project site:

¢ Identify the subsurface strata (i.e., soil and rock), including physical description,

stratum thickness, soil origin (e.g., residual, alluvial, colluvial, etc.), and stratum
top and bottom elevations

3-2



PUB. 293, Chapter 3 — Subsurface Explorations April 2025

e Collect information to assess engineering properties of soil strata, including color,
grain-size distribution, density/consistency, structure, cohesion, and moisture
content

e Collect information to assess engineering properties of rock strata, including rock
type, color, hardness, weathering, rock quality designation, condition of joints,
and presence of solutioning

e Record groundwater level(s), preferably obtaining seasonal variations

e Obtain soil and rock samples for laboratory testing

Other items that may have to be completed to characterize the subsurface include:

e Installation and monitoring of instrumentation (e.g., piezometers, inclinometers,
etc.)

e Performing in-situ tests (e.g., cone penetrometer testing (CPT), vane shear testing
(VST), pressuremeter testing (PMT), permeability, etc.)

e Conducting geophysical survey(s) (e.g., electrical resistivity, seismic refraction,
etc.)

3.1.3 Subsurface Exploration Methods
There are several methods that can be used to obtain subsurface information, as follows:

e Test borings (e.g., standard penetration testing (SPT), thin-walled tube sampling,
auger sampling, rock core drilling, etc.)

e In-situ testing (e.g., CPT, VST, PMT, etc.)

e Geophysical Investigations

e Test pits

Although all of these methods should be considered when planning a subsurface
exploration, test borings are required to be performed on all projects where it is necessary to
collect subsurface information and samples. Test borings alone are often adequate on small
and/or less complex project sites, whereas large, complex projects with adverse geologic
conditions may require the use of additional subsurface exploration methods. As needed and
where beneficial, other subsurface exploration methods may be used to augment the test boring
information. For example, test pits are a low cost, efficient method of subsurface exploration, for
generally shallow conditions.

3.2  TEST BORINGS

Test borings are very versatile and are most commonly used in Pennsylvania for
collecting subsurface information for transportation projects. They can be performed in most
locations and are capable of being advanced through most subsurface conditions. Test borings
can meet the main goals of a subsurface exploration including identifying soil and rock strata,
characterizing the strata, measuring groundwater levels, and collecting samples for laboratory
testing. Test borings can be performed with a variety of drilling equipment, tools and methods.
Methods for advancing test borings, and detailed requirements for recording information/data
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obtained from test borings must be performed according to Publication 222 and applicable
AASHTO and ASTM standards referenced in Publication 222. Any subsurface exploration
sampling, testing, monitoring or instrumentation not specifically addressed in Publication 222 or
Publication 293 must follow relevant AASHTO or ASTM standards, unless indicated or
specified otherwise.

3.2.1 Planning Subsurface Exploration Program

As a project advances through the various design phases (i.e., Alternatives Analysis,
Preliminary Design and Final Design) the requirements of the subsurface exploration program
become more comprehensive. During the Alternatives Analysis Phase, the subsurface
exploration is intended primarily to characterize subsurface conditions sufficiently to assist in
selection of a preferred alignment. As the design becomes more focused and detailed in the
Preliminary and Final Design Phases, the subsurface exploration program also becomes more
focused, comprehensive, and thorough in order to obtain subsurface information necessary for
design purposes and to adequately identify and investigate any areas of concern or significance
that may have an impact (positive or negative) on the project.

The complexity of the project, subsurface conditions, and risk factors form the basis for
developing the subsurface exploration program. The higher the level of complexity or more
significant the risk factors in either the project or the subsurface conditions, the greater and more
focused the level of effort (e.g., number and depth of borings, instrumentation, etc.) is required
during the subsurface exploration.

The availability of reliable existing subsurface information will help determine the scope
of the proposed subsurface exploration program. Projects with available subsurface information
that is poor in quality, not sufficient or verifiable at the time of planning, generally require more
exploration (i.e., greater number and depth of borings and sampling) compared to projects where
the subsurface conditions have some existing reliable characterization. In situations where
apparent, reliable information is available, the exploration may be more focused and limited. In
all cases; however, enough exploration must be conducted to verify any subsurface information
not obtained by the final designer (i.e., Department or consultant) for design-bid-build projects.
For design-build projects, adequate and reliable subsurface information must be provided as part
of the geotechnical design guidance report to permit potential project teams to produce a design
concept that can be bid with a level of risk consistent with a comparable design-bid-build project.
Adequate is defined as a comparable level of subsurface exploration necessary to permit a design
consultant to produce a design to the standards and quality expected for a normal design-bid-
build project.

For large projects, it is frequently beneficial to have at least two subsurface exploration
programs or phases. The first exploration program, during the Alternatives Analysis or
Preliminary Design Phase, is intended to gain a broad understanding of the subsurface
conditions. Additional exploration, during the Preliminary and/or Final Design Phases, can focus
on the areas of the project where complex construction is proposed and where complex
subsurface conditions that impact proposed construction are anticipated. A single subsurface
exploration program will most likely be enough for small projects.
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3.2.2 Subsurface Exploration Planning Meeting

A meeting between the Project Geotechnical Manager (PGM) and DGE should be
considered before finalizing the subsurface exploration program. This meeting is strongly
encouraged for large and/or complex projects and for projects with complex geology and is
especially important for large/complex projects where a field meeting between the PGM and
DGE was not previously held. The need for this meeting should be identified during
development of the scope of work for the project design phase.

There are several approaches when conducting a subsurface exploration planning
meeting. For large projects, it is generally necessary to conduct an office meeting to review the
proposed construction in context with the proposed subsurface exploration program. The office
meeting would be followed immediately (i.e., the same or next day) by a field view meeting to
review the proposed exploration plan in context to both existing and proposed field conditions.
On small projects, either an office meeting or a field meeting may be enough. A field meeting
should be conducted if the DGE has not previously viewed the project site. The subsurface
exploration planning meeting should be conducted after the search of available/published
literature and field reconnaissance has been completed and after the proposed subsurface
exploration program has been developed by the PGM. After the meeting, the subsurface
exploration program must be finalized and submitted to the DGE for review and approval. The
Test Boring Plan and Schedule of Proposed Borings must be included in the “Subsurface
Exploration and Planning Submission”. Refer to Chapter 1 of this publication for the
requirements of this submission. A generalized laboratory testing program must also be
submitted with the proposed subsurface exploration plan for approval. This laboratory testing
program will be finalized after the subsurface exploration is completed.

3.2.3 Test Boring Plan and Schedule of Proposed Borings

The main products/deliverables of the “Subsurface Exploration and Planning
Submission” are the Test Boring Plan, Schedule of Proposed Borings, and the generalized or
preliminary laboratory testing program. The Test Boring Plan shows the location of the test
borings. The Schedule of Proposed Borings, which is included in Attachment 1 of the Subsurface
Boring, Sampling, and Testing Contract (SBSTC), provides estimated test boring depths, boring
location (station, offset, and/or coordinates), soil sampling type(s) and intervals, rock core
drilling type and length, and other requirements as needed (e.g., instrumentation, grouting, MPT,
etc.) for each individual test boring. The Test Boring Plan and Schedule of Proposed Borings,
once approved by the DGE, become part of the SBSTC. Any proposed changes to the plan or
schedule after the initial approval must be submitted to and approved by the DGE.

Development of the Test Boring Plan and Schedule of Proposed Borings is dependent
upon a variety of factors including the design phase of the project, the complexity of the
proposed project, the complexity of the subsurface conditions, and the availability and reliability
of existing subsurface information. Although there are similarities and generalities for any
project when planning a subsurface exploration, each project is unique with its own set of
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knowns, unknowns, constraints, complexity, geologic setting, etc. and must be planned per the
needs of the specific project.

3.2.4 Guidelines for Establishing Number, Location, and Depth of Test Borings

Development of the subsurface exploration program, including the number, location, and
depth of test borings, must account for a range of both general and project specific conditions. As
discussed above, all projects are unique, and specific requirements that address every situation
with respect to number, location and depth of test borings relative to project needs and
conditions, cannot be provided in this publication. Instead, guidelines are provided in this
publication to aid in assembling an adequate and efficient subsurface exploration plan.

The Test Boring Plan and Schedule of Proposed Borings are developed based on the best
available information. The best available information often includes published information, field
reconnaissance, and the proposed construction. Site specific subsurface information, such as
previously drilled borings, may or may not be available. If available, consideration must also be
given to the accuracy, reliability, and applicability of the information. The actual conditions
encountered may differ significantly from those indicated from existing available information. It
is essential that an adequate number of confirmatory borings be conducted to verify the accuracy
of any historical subsurface information. Unless existing subsurface information was obtained
from a previous phase of the current project or was obtained within the last 10 years using
current subsurface investigation standards and practices, never rely solely upon historical
subsurface data.

It is critical that the PGM maintain close contact with the drilling inspector(s) during the
subsurface exploration to evaluate the actual subsurface conditions and the applicability,
accuracy, and reliability of existing information, and to make modifications to the program as
necessary to obtain sufficient reliable information to permit preparation of a final design. Close
communication helps ensure the necessary information is obtained and helps prevent
excessive/costly drilling. Any changes to the approved subsurface exploration program must be
approved by the DGE. It is also critical that the certified drilling inspector keep thorough and
accurate records of all drilling operations with thorough daily documentation of progress,
directives, compliance, safety, traffic control, and any significant or unusual events or
encountered conditions.

Tables 3.2.4-1 and 3.2.4-2 provide requirements for the minimum level of effort for
subsurface exploration. It is not possible to provide a single comprehensive set of requirements
or recommendations that address the needs of every project, nor is it appropriate to do so. The
Department obtains the services of qualified professionals to assess the specific needs and
conditions of individual projects and the unique subsurface conditions and challenges that every
project presents. Therefore, there is an expectation that sound professional technical assessment
be used to determine, plan, and execute the level of effort necessary to adequately identify and
define the project specific subsurface conditions to a degree consistent with the project
complexity and risk.
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Table 3.2.4-1 — Number and Location of Test Borings

Area of Design Number and Location of Borings? (Listed herein are absolute
Exploration Phasel minimums that do not consider complexity of geologic conditions, project
or site complexity, or risk factors.)
Roadway? Alternatives | Approximately one boring every 1,000 feet or more. Consider
Analysis placing at least one boring in each section of proposed deep cut
and fill. Where topography varies considerably in proposed deep
cut/fill, also consider two transverse borings to develop
subsurface cross-section.
Preliminary | Approximately one boring every 500 to 1,000 feet. Place at least
Design one boring in each section of proposed deep cut and fill. Where
topography varies considerably in proposed deep cut/fill, provide
two transverse borings to develop subsurface cross-section.
Final Approximately one boring every 300 feet or less. Where
Design topography varies considerably in proposed deep cuts/fills, and at
critical analyses locations (e.g., slope stability, settlement, etc.),
provide two or more transverse borings to develop subsurface
Cross-sections.
Bridge®* Alternatives | One boring per structure. Consider an additional boring for long
Analysis bridges where topography and geology varies considerably.
Preliminary | Same as above. If borings were drilled during the Alternatives
Design Analysis Phase, additional borings may not be necessary for the
Preliminary Design Phase.
Final Provide a minimum of two borings per substructure unit. Provide
Design a minimum of three for substructures 100 feet or more in
length/width. Provide an additional boring for each wingwall
over 25 feet in length. For wingwalls over 50 feet long, follow
guidelines for Retaining Walls. For bridges supported on non-
redundant, large diameter drilled shafts, provide one boring
located within the footprint of the shaft. One boring per
substructure unit may be acceptable for small (less than 50-foot
span), two lanes, low ADT bridges underlain by flat geology if
the borings indicate uniform subsurface conditions.
Culvert®4 Alternatives | One boring per culvert.
Analysis
Preliminary | See guidelines for Bridge above.
Design
Final Provide minimum of two borings (one at inlet and one at outlet).
Design Provide additional borings for culverts over 100 feet long
(maximum boring spacing is 100 feet). Provide borings for each
wingwall over 25 feet in length. For wingwalls over 50 feet long,
follow guidelines for Retaining Walls.
Retaining Alternatives | Minimum one boring per wall with a maximum spacing of 1,000
Wall3# Analysis feet. Consider additional boring(s) if topography varies

3-7




PUB. 293, Chapter 3 — Subsurface Explorations

April 2025

Area of Design Number and Location of Borings? (Listed herein are absolute
Exploration Phasel minimums that do not consider complexity of geologic conditions, project
or site complexity, or risk factors.)
considerably along wall. Place within footprint of wall, or on
face for linear walls.
Preliminary | Minimum two borings per wall with a maximum spacing of 500
Design feet. Place within footprint of wall. For cut walls, consider
placing additional borings just behind the active earth pressure
wedge.
Final Minimum two borings per wall with a maximum spacing of 100
Design feet. Stagger borings between the front and back of the proposed
footing. For cut walls, place additional borings with a maximum
spacing of 300 feet just behind the active earth pressure wedge.
Sound Alternatives | One boring per 1,000 feet of sound barrier wall. Consider
Barrier Analysis additional boring(s) if topography varies considerably along
Wall3# wall.
Preliminary | Minimum two borings per wall with a maximum spacing of 500
Design feet.
Final Minimum two borings per wall with a maximum spacing of 200
Design feet.
Pavement Preliminary | Approximately one boring every 1,000 feet or more to collect
Design® Design sample for CBR testing. Borings are not needed in proposed
roadway fill sections. Obtain pavement core(s) for match-in-kind
and overlay projects. Consider using roadway boring to collect
CBR sample.
Final Same as preliminary design except one boring every 500 to 1,000
Design feet.
Dynamic Final One boring per foundation.
Message Design
Sign
Special Mined Projects located in areas where mining (deep or strip) has
Conditions | Areas occurred will most likely require borings in addition to the
guidelines discussed above for all design phases. Use available
mine maps to help locate borings. Consider the use of additional
exploration techniques like air-track drilling and geophysics. The
subsurface exploration technique(s) must encompass each
substructure unit and the entire structure site.
Carbonate | Projects located in areas of carbonate geology may require
Geology borings in addition to the guidelines discussed above for all
(Limestone, | design phases. However, it may be more beneficial and cost
Dolomite, | effective to use other additional exploration techniques like air-
etc.) track drilling and geophysics where borings indicate extremely
Special variable subsurface conditions. The subsurface exploration
Conditions technique(s) must encompass each substructure unit and the
(cont.) (cont.) entire structure site.
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Area of
Exploration

Design
Phase!

Number and Location of Borings? (Listed herein are absolute
minimums that do not consider complexity of geologic conditions, project
or site complexity, or risk factors.)

Claystone/
Mudstone
Geology

Projects located in areas of claystone or mudstone geology may
require borings in addition to the guidelines discussed above for
all design phases.

Landslides

Cross-section borings through the landslide are required. Locate
borings within the landslide near the head scarp and toe of the
landslide. Add intermediate borings when the length (transverse)
of the landslide exceeds approximately 200 feet. Place cross-
section borings every 200 to 300 feet (longitudinally) along the
slide. Also, provide borings above the landslide head scarp.

Acid-
Producing
Rock

See Chapter 10 of Publication 293 for boring requirements.

Temporary
Support of
Excavation

Consider adding boring(s) in area(s) of anticipated temporary
shoring if structure borings are not enough with respect to
location and/or depth.

Notes: 1.

Previously discussed in this publication, the goal of the subsurface exploration
during the Alternatives Analysis Phase is to gain a general understanding of the
subsurface conditions, and to identify favorable/unfavorable geotechnical
conditions to aid in the selection of the preferred alignment. Also, on some
projects only one subsurface exploration program may be necessary, and it may
be conducted during the Preliminary Design Phase. If this is the case, the
guidelines for the number and location of borings for the Final Design Phase must

be followed.

In addition to the design phase, the number and location of borings will depend
upon the geologic complexity of the site and the complexity of the proposed
construction. In general, projects with complex geology (e.g., folded and/or
faulted stratigraphy, carbonate geology, mined areas, etc.) will require more
borings compared to projects situated in less complex geology (e.g., horizontal
stratigraphy, etc.). Additionally, more borings will generally be required for
projects with deep cuts, high fills, long span bridges, high retaining walls, etc.

3. Where possible use structure borings to also satisfy roadway boring requirements.

4. Ideally locate borings within the footprint of the proposed foundation, except as
discussed with retaining cut walls. The adequacy of borings drilled outside of the
foundation footprint and the acceptable distance outside of the foundation should
be determined on a case by case basis. Borings drilled outside of the footprint for
lightly loaded foundations (approximately 2 to 3 tsf.) and/or in non-complex,
uniform geology may be acceptable if they are approximately ten feet close.
Borings drilled outside of the footprint for heavily loaded foundations and/or in
complex, folded and/or carbonate geology generally will not be acceptable.
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Where borings cannot be drilled within the footprint of the proposed foundation,
borings must enclose footprint.

5. See Section 3.7.10 for further details about borings and sampling for pavement
design purposes.

Table 3.2.4-2 — Depth of Test Borings

Area of Boring Depth'23
Exploration
Roadway Embankments — Extend borings a minimum of two times the proposed

embankment height unless competent material (medium dense granular or hard
cohesive) with sufficient thickness is encountered.

Cuts — Extend borings ten feet below the proposed subgrade elevation.

At-grade areas — Extend borings minimum of five feet below proposed
subgrade. Borings may need to extend deeper depending upon known or
anticipated adverse or complex geologic conditions, or other factors where
increased boring depths may be necessary to adequately define subsurface
conditions.

Bridge Spread footing on bedrock, piles bearing on bedrock, and micropiles socketed
into bedrock — For non-carbonate bedrock extend borings ten feet below
estimated bottom of footing/pile tip elevation. If potentially slaking rock
(claystone or mudstone) is encountered at bottom of boring, continue boring up
to an additional ten feet (maximum) in an attempt to encounter more competent
rock. For carbonate bedrock and areas where deep mining has occurred extend
borings 20 feet below estimated bottom of footing/pile tip elevation. Note:
Minimum pile length for integral abutments is 15 feet according to DM-4, but
for long spans additional length may be needed to satisfy bending. If bedrock is
shallow, ensure that sufficient bedrock is cored to extend ten feet minimum
below estimated pile tip elevation.

Spread footing on soil — Extend borings the greater of 30 feet or two times the
estimated footing width (2B) below proposed bottom of footing elevation.
When rock is encountered, extend borings a minimum of ten feet into
recoverable rock (greater than 80% recovery) or 15 feet of low recovery rock.

Friction piles/piles bearing in soil — Extend borings 20 feet minimum below the
estimated pile tip elevation, or a minimum of two times the maximum pile
group dimension, whichever is greater, unless rock is encountered.

Drilled shafts bearing/socketed into bedrock — Extend borings a minimum of

Bridge three shaft diameters below the estimated tip elevation, or two times the
(cont.) maximum shaft group dimension, whichever is greater, but not less than ten
feet.
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Area of Boring Depth'?3
Exploration

Wingwalls — refer to Retaining Wall requirements.

Culvert Box Culvert - Refer to Roadway Embankment requirements, but borings must
extend a minimum of ten feet below the bottom of the culvert. If bedrock is
encountered above, at or within five feet of the proposed bottom of the culvert,
core a minimum of five feet of rock below the bottom of the culvert. In
carbonate rock or mined areas, it may be necessary to core additional bedrock.

Arch culvert or open bottom culvert (i.e., strip footings) — Refer to Bridge
(spread footings on rock or soil) requirements.

Retaining Spread footing on soil — Extend borings a minimum of two times the height of
Wall the proposed wall unless rock is encountered.

All other retaining wall foundation types — Refer to appropriate Bridge
foundation requirements.

Linear walls (soldier beam and lagging, sheet pile, etc.) — Extend borings along
face of wall a minimum of four pile diameters below the estimated shaft tip
elevation, but not less than ten feet. For shafts embedded in bedrock drill ten
feet minimum below tip in non-carbonate bedrock, and 20 feet minimum below
tip in carbonate bedrock and deep mined areas. For sheet pile walls drill ten feet
minimum below the estimated sheeting tip elevation.

Soil and rock anchors — Extend borings a minimum of five feet below lowest
elevation of anchor.

Sound Spread footing on soil — For isolated footings (L<2B) extend borings a

Barrier Wall | minimum of two times the footing width below the bottom of footing elevation.
For continuous footings (L>5B) extend borings a minimum of four times the
footing width below the bottom of footing elevation. For footings with
5B>L>2B use linear interpolation between depths of two and four times the
footing width beneath the bottom of footing elevation.

Spread footing on rock — See requirements for Bridge spread footings on rock,
although 20 feet requirement for carbonate rock and mined areas may not be
necessary if footings are lightly loaded.

Drilled shafts in soil — Extend borings a minimum of four pile diameters, but
not less than 10 feet, below estimated tip elevation.

Sound
Barrier Wall | Drilled shafts in bedrock - For non-carbonate rock extend borings ten feet
(cont.) below estimated tip elevation. For carbonate rock extend borings 20 feet below

estimated tip elevation.
Pavement Extend borings minimum of three feet below the proposed subgrade elevation.
Design
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Area of
Exploration

Boring Depth'?3

Dynamic
Message
Sign

Spread footing on soil — Extend boring two times the footing width below the
bottom of footing or 10 feet into competent soil (medium dense granular or
hard cohesive), whichever is less.

Spread footing on rock — See requirements for Bridge spread footings on rock,
although 20 feet requirement for carbonate rock and mined areas may not be
necessary if footings are lightly loaded.

Drilled shaft — Extend boring a minimum of 20 feet below the top of drilled
shaft into competent soil (medium dense granular or hard cohesive), or 10 feet
into bedrock, whichever is less.

Landslide

Extend borings beneath the failure plane, and ideally extend borings ten feet
into bedrock. If bedrock is not encountered extend borings a minimum of 20
feet into competent soil (i.e., dense to very dense cohesionless soil and hard
cohesive soil).

Notes: 1.

In general, borings should not be stopped in loose cohesionless soil, very soft or
soft cohesive soil, fill, or organics. They should also not be stopped in voids,
soil/clay seams, or coal seams in bedrock. Borings should be stopped in
competent material that is believed to be stable from a settlement and stability
perspective. Borings must also never be stopped at SPT refusal with an
assumption that bedrock has been encountered. Unless the depth of the boring at
SPT refusal satisfies information requirement for the various design elements the
boring may serve, never assume that bedrock has been encountered. If it is
important to know where top of competent bedrock is, continue the boring until
the presence of bedrock can be verified. Where bedrock controls the boring depth
criteria, a minimum bedrock core recovery of 80% should be obtained for the
required depth.

In general, the boring depth criteria is applicable to all design phases since ideally
borings performed during the Alternatives Analysis Phase and the Preliminary
Design Phase will be used for final design. Consideration can be given to not
advancing the borings to the depths indicated above for the Alternatives Analysis
Phase only. Also, when considering the required depth of borings, be aware and
recognize that any boring may serve the project design beyond the primary
purpose of the boring (i.e., the specific design element or feature a boring is
intended for obtaining relevant subsurface information). Borings may provide
valuable information for more than one project design element and have a
cumulative impact of increasing both the overall accuracy of and confidence in
the design model and the level of risk. In rare instances, the total depth of a boring
may not be dictated by the needs of the specific design element that dictates the
location of the boring, but by a more global project need or requirement.
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3. As mentioned in Note 1, if soil borings are stopped before the minimum criteria is
achieved because it is believed that bedrock was encountered, perform bedrock
core drilling (five feet minimum) in an adequate number of borings to verify that
bedrock, and not cobbles, boulders, or some other obstruction, was actually
encountered.

Relative to overall design and construction costs, the subsurface exploration and
associated laboratory testing is monetarily extremely small. Cost for this work is estimated in the
range of two tenths of one percent (0.2%) of total combined design and construction cost. This is
the cost of identifying and quantifying the most significant single unknown on any project
involving material with the least quality control, the greatest variability, and that presents the
highest risk for any design and construction venture. An adequately planned and executed
subsurface exploration and laboratory testing plan provides a significant and cost-effective
approach to risk management for any highway design and construction project.

3.2.5 Contingency Test Borings

In situations where it is unclear as to the appropriate number, location, and depth of test
borings, “contingency” borings should be included in the subsurface exploration program. These
contingency borings should only be drilled if deemed necessary after drilling the primary test
borings. For example, when drilling for a structure underlain by pinnacled bedrock (e.g.,
limestone, etc.) or extremely variably weathered bedrock (e.g., schist, gneiss, etc.), contingency
test borings can be included on the Test Boring Plan between the primary borings, and shown on
the Schedule of Proposed Borings. If the primary test borings indicate relatively uniform
subsurface conditions, the contingency test borings may not have to be drilled. Conversely, if the
primary test borings indicate a significant variation in the subsurface conditions at one or more
of the proposed substructures, the contingency test boring(s) can be drilled. As another example,
when drilling for a relatively small structure underlain by flat bedded stratigraphy, one of the two
borings at each substructure could be labeled as contingency borings, and only drilled if the
primary borings show that the subsurface conditions are not uniform across the site.

In many situations, it may be prudent to specify contingency borings as a matter of
practice rather than only in areas of uncertainty as discussed above. Having contingency borings
already built into an exploration program may save valuable design schedule and budget by not
having to obtain a supplement. Alternatively, in situations where subsurface conditions are more
uniform than anticipated, or in situations where uniform subsurface conditions are expected, the
contingency borings can simply be deleted, or the footage applied to another location on the
project where unanticipated needs develop.

It should be noted that test borings can be added during the subsurface exploration, such
as, when unforeseen conditions are encountered by the scheduled borings; however, if
uncertainty in the number and location of test borings exists during planning of the subsurface
exploration program, it is preferred to include “contingency” test borings so that they can be
surveyed, discussed, coordinated, etc. in advance of actually performing the subsurface
exploration program.

3-13



PUB. 293, Chapter 3 — Subsurface Explorations April 2025

In any situation where contingency borings are included in a subsurface exploration
program, it is imperative to have a mechanism established to assess when it is necessary to drill
the contingency borings. This is simply a matter of good communication and planning. If
contingency borings are included, timely assessment and decisions during the subsurface
exploration program keeps the process efficient and coordinated, helping assure a better product.

3.3 TESTPITS

Test pits are another option that should be considered for investigating subsurface
conditions at a project site. Test pits should not be used instead of test borings, but should be
used as a supplemental exploration method to test borings. Test pits are generally more
appropriate to explore subsurface conditions for proposed roadways but are sometimes useful for
structure explorations. Test pits may be especially useful or beneficial for exploring shallow
conditions or when it is suspected that an extensive zone of cobbles/boulders may be
encountered. A test pit can easily and inexpensively clarify or verify subsurface conditions that
may be important to design or construction. Publication 222, Section 210 provides guidelines
and requirements for test pit operations.

Test pits are advantageous for numerous reasons, including:

1. Test pits expose a large area of the subsurface that often provides a better visual
understanding of soil stratification compared to test borings

2. Test pits provide a good understanding of oversized material (e.g., coarse gravel,
cobbles, boulders, etc.), which is difficult or cannot be sampled with test borings

3. Test pits are a good method for investigating uncontrolled fills, including

construction debris

Test pits are relatively quick and inexpensive

Test pits provide an indication of ease of excavation

Test pits are a good method for investigating borrow sources and/or obtaining

bulk samples for laboratory testing

7. Test pits can be used to determine depth to groundwater, including seasonal high
groundwater level and infiltration rate, which are sometimes needed for
stormwater design.

o oA

Test pits do have some shortcomings, including:

=

Test pits are limited to a relatively shallow depth, typically approximately 10 feet.

Test pits generally cannot be advanced into bedrock.

3. Test pits may not be able to be advanced below the groundwater level,
particularly in cohesionless soils.

4. Test pits create a relatively large area of disturbance and require additional area to

temporarily stockpile excavated material.

Terrain must be relatively flat for test pit equipment to access.

6. If the exploration requires an individual to enter a test pit, they are subject to

Occupational Health and Safety Administration (OSHA) regulations. Depending

on soil conditions, depth of test pit, groundwater conditions, and surcharge loads,

N

o
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an excavation support protection system may be required if excavation slopes
cannot be laid back according to OSHA regulations.

3.4 EXAMPLE PROJECTS

As previously indicated, exact boring requirements (i.e., locations and numbers) cannot
and should not be specified in this publication due to the multiple unknowns and variables
involved with any given project, and the variability of geologic conditions. Keeping this in mind,
below are examples of typical subsurface exploration programs for Department roadway and
bridge construction projects. These typical scopes must be considered within the context of
project specific needs, complexity, risks, and geologic conditions, in determining the subsurface
exploration requirements for a specific project.

1. Final Design Phase for a box culvert replacement with no roadway widening or vertical
profile change: box culvert is 75 feet long, new box is approximately same size as
existing, wing walls are 15 feet long and new pavement will match existing.

e Since the culvert is less than 100 feet long, and wingwalls are less than 25 feet
long, a minimum of two test borings are required. A boring must be drilled at the
inlet and outlet of the culvert.

e Consider a contingency test boring located between the two primary test borings
if there is indication that the subsurface conditions may not be relatively uniform
beneath the proposed culvert. Drill the contingency test boring after the two
primary test borings are drilled and only if needed to better define the subsurface
conditions.

e Drill test borings to depth of two times the embankment height or deeper until
dense/hard material of sufficient thickness is encountered.

e Include at least one pavement core to verify the existing pavement section.

2. Final Design Phase for a two-span bridge replacement with minor approach embankment
widening: the bridge is 120 feet long; spans a roadway (pier in the median),
approximately 35 feet wide, wing walls are 20 feet long, existing foundations are
unknown, 50 feet of minor approach embankment widening on each side of the bridge,
15-feet high approach embankments, five feet (max.) widening on each side of
embankment, and new pavement to match existing pavement section.

e Drill two borings at each substructure unit. These should extend ten feet into
bedrock. If bedrock is deep, say more than approximately 50 feet below original
ground surface (i.e., not roadway embankment surface) and overburden soil is
granular and dense to very dense, consideration can be given to not advancing
borings into bedrock. This assumes friction piles and/or spread footings on soil
will be used. However, it is always good practice to advance borings into rock to
have the needed information to be able to consider deep foundations supported on
bedrock. In a situation where rock is very deep, and near-surface soils are
inadequate for a spread footing, it is important that borings be conducted to a
sufficient depth to ensure that adequate resistance can be mobilized for friction
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piles, or to a depth necessary to adequately assess alternate ground modification
or improvement methods.

e Drill one boring on each side of the bridge (two borings total) near the toe of the
existing embankment in the widening areas. Extend these borings approximately
ten feet below ground surface to determine if undercutting is needed before
widening the embankment.

e Obtain one pavement core on each side of the bridge.

3.5 CONSIDERATIONS WHEN PLANNING SUBSURFACE EXPLORATION
PROGRAM

3.5.1 Mandatory Pre-bid Meeting

During preparation of the SBSTC, the PGM and DGE must decide if a Mandatory Pre-
Bid Meeting will be required. If it is determined that a Mandatory Pre-Bid Meeting is necessary
or prudent, this requirement, along with specifics regarding date, time, and location of the
meeting, must be included in the SBSTC bid documents. The Mandatory Pre-Bid Meeting is
addressed in Article | of the Instruction to Bidders in the SBSTC located in Publication 222.
When a Mandatory Pre-Bid Meeting is required, drilling contractors must attend in order to be
eligible to submit a bid to perform the subsurface exploration program.

The need for a Mandatory Pre-Bid Meeting must be determined on a project by project
basis. The main purpose of a Mandatory Pre-Bid Meeting is to ensure that the drilling contractors
understand the subsurface exploration requirements of the project so they can bid the work
accordingly. The boring locations must be staked/marked before the meeting is conducted. In
situations where it is not practical or feasible to stake boring locations before the meeting, the
location of each boring must be clearly identified in the field during the meeting. Minutes of the
meeting must be prepared by the PGM and distributed to all attendees. The meeting minutes
become part of the SBSTC.

A Mandatory Pre-Bid Meeting should be considered for projects that include:

e A large quantity of work, multiple drill rigs or an aggressive schedule

e Non-standard work items (e.g., instrumentation, in-situ testing other than SPT,
borehole camera work, etc.)

e Boring locations that are difficult to access, require considerable private property
coordination, are located with railroad right of way (ROW), or require significant
maintenance and protection of traffic

e Sensitive environmental considerations (e.g., potential subsurface contamination,
wetlands, high quality waterways, etc.)

e Considerable maintenance and protection of traffic (MPT) requirements or MPT
requirements for difficult conditions or high-volume roadways

e Performing work under a Health and Safety Plan (HASP)

e Potentially unsafe drilling conditions.

Conversely, a Mandatory Pre-Bid Meeting is typically not necessary for projects that include:
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e “Standard” work items (e.g., split-barrel sampling, SPT, rock core drilling,
pavement cores, auger borings, etc.)

e Readily accessible test boring locations, no or limited private property owner
coordination, or no work on railroad ROW.

e No or limited maintenance and/or protection of traffic.

3.5.2 Subsurface Exploration Capabilities of the Department

The Geotechnical Section of the Bureau of Project Delivery, Construction Materials
Division (i.e., Central Office Geotechnical Section), has capabilities and equipment that can be
used to augment traditional subsurface exploration techniques. Equipment includes:

Piezocone penetrometer testing (CPT) equipment

Down hole camera for viewing voids in bedrock and other subsurface features
Laser cavity surveying system for “large” void mapping

Vertical and horizontal inclinometers

Vibrating wire piezometers (standard and drive point)

Borehole vane shear test (VST) equipment

The PGM and DGE should consider the usefulness of this equipment when planning the
subsurface exploration program. If deemed useful, contact the Central Office Geotechnical
Section staff to discuss further and arrange use of the equipment.

3.5.3 Utilities

Utilities are a major concern when performing excavations, which includes test borings
and test pits. The PGM, Department, and drilling contractor have responsibilities regarding
locating above and below ground utilities before performing a subsurface exploration program.
A design phase PA One Call must be made by the designer (i.e., Department for in-house
projects, or otherwise, consultant) early in the project. This task is usually performed by the
roadway or bridge designer. Utility information obtained must be presented on the Test Boring
Location Plan, and any utility information observed during site visits should be added if not
already shown. Before any drilling activities, including test borings and test pits, the drilling
contractor is also required to perform a PA One Call. Currently, PA One Call requires a
minimum of three days advance notice before the start of drilling, and the borings/excavations
must be clearly marked in the field with white paint. A stake with white flagging attached or
painted white is acceptable. Note that PA One Call does not locate Department owned utilities as
the Department does not subscribe to PA One Call. Department owned utilities must be cleared
by the Department. The DGE can provide guidance as to how this is accomplished. Similarly,
other privately owned utilities may not be located by PA One Call and must be located by the
owner of the utility or by a utility locating contractor.

Consideration must be given to the location of utilities when preparing the subsurface
exploration program. When preparing the Test Boring Location Plan, locate borings as needed to
gather the necessary subsurface information but as far away from utilities as possible. Borings
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must be located a minimum of 10 feet away from overhead utilities, regardless of whether the
overhead utility contains power. According to Publication 222, Section 103.10, the PGM (or
DGE for in-house projects) must contact the utility company if overhead power lines are in the
vicinity of the proposed borings. For voltage to ground under 50kV, the minimum clearance is
ten feet. For voltage to ground over 50kV, the minimum clearance is ten feet plus four inches for
every 10kV over 50kV. If these minimum clearances cannot be met, the drilling contractor must
make special arrangements with the utility company to permit the work to be completed (e.g., de-
energize line, shield line, etc.). Note that in most cases 20 feet of clearance between test boring
equipment/tools and an overhead utility is sufficient according to OSHA regulations.

3.5.4 Health and Safety Plan (HASP)

Publication 222, Section 103.09(d), discusses requirements for performing the subsurface
exploration under the direction of a Health and Safety Plan (HASP). A HASP must be prepared
for subsurface exploration programs where known or suspected site hazards exist. The
subsurface exploration work must be performed according to the HASP.

The drilling contractor is responsible for the health and safety of its employees and any
subcontractor’s employees; therefore, the contractor must develop a site-specific HASP for the
project. As indicated in Publication 222, Section 103.09(d), the site-specific HASP must be
submitted to the Department’s Environmental Manager for review and acceptance. The
consultant/Department must provide the contractor with information regarding the known or
suspected site hazards; however, it must be made clear that other hazards may exist. This
information can be provided as a narrative in Attachment Il of the SBSTC.

The consultant and/or the Department must prepare separate HASP’s for their employees
to follow while on site performing drilling inspection or other tasks. A generic HASP is provided
in Publication 222, Appendix C that indicates the general framework of a HASP. This is generic
and must be modified/amended as necessary to address site specific conditions and concerns.
According to Publication 222, Section 103.09(e), if potentially contaminated material is
encountered during the subsurface exploration that was not previously suspected, the exploration
operation must be halted in a safe and controlled manner. The PGM must immediately notify the
DGE, and the DGE must contact the District Environmental Manager.

3.5.5 Maintenance and Protection of Traffic (MPT) and Time Restrictions

Where possible, test borings should be located off the traveled roadway and shoulders in
order to avoid the need for maintenance and protection of traffic. Test borings located on the
roadway or shoulder pose a risk to motorist and worker safety, and MPT can be a costly item for
the drilling contractor to provide. However, in many situations test borings located on the
roadway or shoulder are needed in order to obtain the necessary subsurface information for a
project.

Publication 222, Section 215 provides general requirements for MPT. Site specific MPT

requirements must be added to the SBSTC to indicate the specific boring(s) where MPT is
required/anticipated, and to indicate which Pennsylvania Typical Application (PATA) drawing
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from Publication 213 applies to each boring. Attachment 1, Schedule of Proposed Borings must
indicate which borings require MPT by including the designation “MPT” in the column titled
“OTHER”. Attachment Il can be used to list which traffic control scenario/figure from
Publication 213 applies to each boring. The Department traffic/highway Engineer must review
and approve the proposed MPT requirements for the test boring plan and any subsequent
modifications to the plan.

In addition to MPT requirements, time restrictions sometimes apply to test borings
located on the roadway or shoulder. Time restrictions typically apply to interstates or heavily
traveled roadways. Drilling is sometimes prohibited during peak travel hours, on holidays, and
days surrounding the holidays when travel volumes are typically high. There may be situations
when drilling is only permitted at night and early in the morning. The Department will determine
if time restrictions apply to any of the test borings, and the consultant/Department must include
these restrictions in the SBSTC. Attachment 11 can be used to present these requirements.
Additional restrictions may be necessary to prohibit boing operations during inclement weather
such as fog, heavy rain, snowstorms, and freezing rain, or periods immediately after snow and/or
freezing rain events when emergency vehicles and snow/ice removal operations are active, and
equipment requires clear unobstructed access to the roadway.

3.5.6 Minimum Number of Required Drill Rigs and Allotted Time to Complete Work

The minimum number of drill rigs required for a project must be indicated in the SBSTC,
Subchapter 5A “Instructions to Bidders”, Article C. Either the specific number or a range in
number of drill rigs required must be stated in Article C of the contract. Additionally, the number
of calendar days allotted to complete the work must be provided in the Contract Agreement (i.e.,
Form TR-445A for PennDOT Contract Agreements, or Form TR-446A for Consultant Contract
Agreements). The required number of drill rigs will be a function of the project schedule, the
estimated drilling footage, the estimated production rate (footage drilled per shift) and other
controlling factors.

e The overall project schedule is the first consideration when estimating the number
of required drill rigs particularly when the subsurface exploration information is
needed to complete the geotechnical tasks. In many cases, the geotechnical work
must be completed fairly early on in a project since other disciplines rely on the
geotechnical recommendations/considerations.

e For smaller projects, such as single to several span structures and/or minor
roadway projects, one drill rig will be adequate in most cases. For larger projects,
like numerous span structures and/or major roadway projects, multiple drill rigs
will typically be needed.

e Projects where the estimated drilling footage is in the range of 500 feet or less can
generally be conducted with one drill rig. Projects with more than approximately
500 feet of estimated drilling should consider the use of more than one drill rig.

e Numerous considerations must be made when estimating the time it will take to
complete the subsurface exploration. Typically, it is reasonable to estimate that
each operating drill rig will complete 30 to 40 linear feet of drilling per eight-hour
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work shift. This may be higher in weaker soils or rock, or lower in denser or more
granular soils or harder rock.

e Situations that reduce the per shift production rate of a drill rig include limited
working hours due to traffic or other restrictions, deep soil sampling and SPT,
obstructions (e.g., cobbles, boulders, demolition fill, etc.), denser soils, pinnacled
bedrock, voids in bedrock, thick zones of highly weathered rock, very hard rock
formations, difficult access to/between borings, borings drilled in/on water,
borings requiring railroad flagging/coordination, inclement weather, and more.
“Deep” wireline rock core drilling, say 30 feet or more, in individual borings can
help increase the per shift production rate of a drill rig, along with shallow
overburden and truck accessible test borings.

e In addition to the production rate of the drill rig, time estimates for completing
subsurface explorations must account for mobilization (and demobilization),
grouting of borings, instrumentation installation, equipment repairs, and more.

3.5.7 Temporary Potable Water Supply

Potable water sources including wells, springs, or other ground water supplies used for
human consumption can be impacted by drilling. Consideration must be given to the location and
type (e.g., shallow uncased, deep cased, etc.) of these water sources when preparing the
subsurface exploration program. When preparing the Test Boring Location Plan, locate borings
as needed to gather the necessary subsurface information, but as far away as possible from
potable water sources. If the PGM/DGE determine there is a possibility that potential impact by
drilling could occur, the Boring Contract should be amended to alert the contractor to be
prepared to provide a temporary potable water supply. Publication 222, Section 218 provides
general guidelines and requirements for hooking up, maintaining, and disconnecting a temporary
potable water supply for impacted property owners.

3.6 TEST BORING EQUIPMENT, TOOLS, AND PROCEDURES
3.6.1 Dirill Rigs/Machinery

Drill rigs/machinery used to perform test borings are mounted on a variety of equipment
to allow access to most locations. Truck mounted drill rigs are the most efficient when borings
are located on relatively flat ground and are easy to access. Drill rigs mounted on tracked and all-
terrain vehicles/machinery are necessary when borings are located on uneven terrain, in shallow
(less than a few feet) water, and/or when access to boring locations is difficult. Drill rigs
mounted on skids are useful on steep terrain where winching may be necessary to reach the
boring location, or where the drill equipment must be supported on cribbing or a benched slope.
Skid mounted drill rigs are typically smaller than other types of drill rigs so they are also useful
in tight spaces, and they can be set in place by a crane. A drill rig placed on a barge is necessary
for drilling in more than a few feet of water, and depending upon the size of the barge any
size/type drill rig can be used.

It is the contractor’s responsibility to select the type of drill rig used to perform the work.
Selection of equipment will depend not only upon the location of the borings, but also upon the
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equipment owned/available to the contractor, depth of proposed borings, auger/casing
requirements, in-situ testing requirements, instrumentation installation, etc. During field
reconnaissance, potential boring access and equipment needs should be considered and discussed
in the Subsurface Exploration and Planning Submission. Generally speaking, borings accessible
with a truck mounted drill rig will be less expensive than borings that require an off-road type of
drill rig. Therefore, when possible and if the required/necessary subsurface information can be
obtained, borings should be located so that they are accessible with a truck mounted drill rig.

Publication 222, Subchapter 5E “Standard Specifications for SBSTC”, Section 201
addresses mobilization of drilling equipment. Mobilization (and demobilization) includes all
work necessary to move to and from the site. Mobilization (and demobilization) includes
movement of drill rig(s), tools, personnel and materials to and from the project site required to
complete the work. Mobilization also includes costs associated with obtaining permits and
insurance, site restoration and clean up, and any other items required to complete the work.
Mobilization for drilling equipment is a lump sum item, is independent of the number of drill
rigs required by the contract, and is independent of whether the borings are located on land or in
water. Mobilization does not include movement between borings, or work associated with
accessing borings (e.g., vegetation/tree clearing, site leveling, guide rail removal, etc.). The cost
of these must be included in the per foot price for advancing the borings.

3.6.2 Test Boring Advancement and Support in Soil

There are several methods to advance test borings and support boreholes in soil to permit
the desired sampling and testing. These include hollow-stem or solid flight augers, flush thread
steel casing, and mud rotary. Borehole advancement and support must be done according to the
requirements of Publication 222 and ASTM standards, where required by Publication 222.

The method of borehole advancement must be indicated in the SBSTC in Attachment 1,
Schedule of Proposed Borings. The advancement method is typically selected by the drilling
contractor (i.e., indicated as “NS”) unless a specific method is desired by the Engineer and
within the requirements of Publication 222. Caution should be used when requiring a specific
method of advancement and support, because if this method is unsuccessful, it may result in
additional costs for the contractor to supply alternate equipment to complete the work. Payment
for borehole advancement and support in the SBSTC is incidental to the cost of soil sampling.

The soil boring diameter must also be specified in Attachment 1 of the SBSTC.
Typically, the minimum required inside diameter of the augers or casing, or hole diameter if
using drilling mud, is approximately 3.5 inches. This diameter will permit standard split-barrel
sampling, NX or NQ rock core drilling, and undisturbed sampling with 3-inch diameter thin
walled samplers/tubes. If a larger hole diameter is needed due to sampling, instrumentation, etc.
requirements, it must be specified in Attachment 1.
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3.6.2.1 Hollow-Stem Augers

In Pennsylvania, test borings are typically performed using continuous flight hollow-stem
augers. Hollow-stem augers can be advanced through most soils encountered in Pennsylvania;
however, advancement with hollow stem augers is often difficult in soils containing obstructions,
such as cobbles, boulders, and demolition debris. Hollow-stem augers cannot be advanced
through bedrock unless it is very soft and/or highly weathered, and even in these rocks it can be
difficult and slow. Hollow-stem augers provide support of the borehole through soil and permit
sampling and testing to be performed at the desired depths. Augers typically come in 5-feet-long
sections, have a cutter head on the lead/bottom auger, and are joined by mechanical (typically
bolts) connections.

Advancing borings with augers should be done without introducing water into the augers.
Groundwater, including perched areas, can be more accurately detected when water is not used
to advance the boring. Additionally, the natural moisture content of the soil, particularly coarse-
grained soil, is not altered by the introduction of drill water. Lastly, augering without water is
typically the quickest and least costly method of advancing borings.

A mechanical center/pilot bit assembly is used inside of the augers during advancement
to prevent soil from entering the augers. In some soils, a “natural plug” may form at the bottom
of the auger during advancement that may prevent disturbed soil from entering the augers.
However, as indicated in Publication 222, it is not acceptable to rely on a natural plug because its
formation is unpredictable and sometimes difficult to measure/detect. Consequently, a center bit
assembly MUST BE USED when advancing the hole with hollow-stem augers.

If disturbed material enters the augers after removal of the center bit assembly, a roller bit
or other cutting tool along with water, if approved by the PGM, can be used to flush disturbed
material from the inside of augers to permit sampling at the desired depth. Extreme caution and
care must be used when cleaning the augers with water so as not to disturb the soil below, and
this practice should only be used when necessary. Once the augers reach the top of rock, rock
core drilling can be performed through the augers.

Although hollow-stem augers are versatile, they do have limitations. They can advance
through most soils, but they may obtain refusal (i.e., stop advancing) in:

e Very dense soil, like some glacial tills
e Cobbles/boulders within the overburden or in embankment fill
e Fill materials with obstructions such as concrete or other construction debris.

Additionally, where rock must be penetrated to sample softer (soil) material below, like in
carbonate geology or deep mined areas, hollow stem augers typically cannot be used.
Additionally, when hollow-stem augers encounter pinnacled bedrock, they often “wander” or
“walk”, preventing soil sampling and rock core drilling tools from being inserted through the
augers. Consequently, the hole may have to be abandoned and redrilled. In these situations,
rotary drilling with casing or mud will most likely be required.
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3.6.2.2 Drilled and Driven Steel Casing

Steel casing is another method used to advance test borings and support boreholes. Like
hollow-stem augers, sampling and testing can be performed through the casing at desired depths.
Casing typically comes in 5-feet-long sections, is joined by threaded ends, and is equipped with
either a drive or cutting shoe on the lead/bottom piece of casing. Casing is typically advanced by
the rotary method, but it can also be advanced by driving with a drop hammer. A casing
advancer, roller bit, or other cutting tool along with water is used to flush disturbed material from
the inside of the casing to permit sampling at the desired depth. Bits that discharge water from
the bottom or otherwise disturb the soil at the top of the sampling interval are not permitted.
Casing advanced by the rotary method and equipped with an appropriate cutting bit can be used
to advance through cobbles, boulders, obstructions, and bedrock. The rotary method of
advancement is much more efficient/quicker compared to advancement with a drop hammer.
Additionally, casing is often more effective than hollow stem augers when advancing borings in
pinnacled bedrock. Once casing refusal is met at the top of bedrock, rock core drilling can
proceed through the casing.

3.6.2.3 Mud Rotary

Mud rotary drilling is also an option to advance test borings and support boreholes,
although a much less common method in Pennsylvania compared to hollow-stem augers and
casing. This method relies on drilling fluid (i.e., mud), which is heavier than water, to support the
uncased borehole. Sometimes casing or augers, in addition to mud, are used in the upper part of
the boring above the groundwater to help maintain borehole stability. Drilling mud typically
consists of water mixed with powdered bentonite (clay). Other additives that are not toxic or
potentially harmful, including polymers, can be used to create or enhance the drilling mud. The
borehole is advanced by using a cutting bit, often a roller bit, attached to drill rods. Mud is
circulated through the drill rods during advancement to keep the borehole filled/supported and to
carry the cuttings to the surface. Once the desired depth is reached, the drill rods are removed
from the borehole and the sampling and testing equipment is inserted through the mud. Once the
top of rock is encountered, rock core drilling can be performed through the drilling mud.

The mud rotary method is often used when drilling in deep, coastal plain deposits below
groundwater. The use of mud eliminates the need to advance and retrieve long strings of
augers/casing, which can be very time consuming and labor intensive. Preparation/start-up for
mud rotary drilling is typically more time consuming compared to augers and casing; therefore,
it is generally not advantageous for relatively shallow overburden conditions that are often
encountered in Pennsylvania. The use of drilling mud can cause environmental concerns
including disposal of the mud and/or sediment contamination of waters, but these concerns can
typically be addressed with on-site containment and treatment. The use of drilling mud can also
be used in conjunction with augers or casing to help control artesian conditions or running
sands/blow-ins.
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3.6.2.4 Solid Stem Augers

Solid stem augers have limited use for subsurface explorations. The main use for solid
stem augers is to collect bulk, disturbed soil samples from relatively shallow depths (i.e., ten feet
or less). At greater depths, it is difficult to determine the actual depth from which the soil
cuttings originated, and if groundwater is encountered, the cuttings are often not representative
of the in-situ conditions. Refer to Publication 222, Section 216 for requirements for bulk
sampling with solid flight augers. Since the augers are solid, soil sampling and testing tools
cannot be inserted through the augers like they can with hollow-stem augers. If SPT’s or other
sampling methods are required, the solid stem augers must be removed from the hole, leaving it
unsupported. Unsupported boreholes will typically collapse at relatively shallow depths,
particularly if groundwater is encountered, and they are generally prohibited. Therefore, solid
stem augers are generally not permitted to be used to advance a boring in soil when sampling,
testing, rock core drilling, instrumentation installation, or any other procedure requiring an open
hole is needed. Another use for solid stem augers is to probe for the top of bedrock when coring
of the bedrock is not required; however, caution must be used when determining top of rock with
this approach, as the “apparent” top of rock could be a cobble, boulder, or other obstruction.

3.6.3 Test Boring Soil Sampling

As previously indicated, one of the main goals of the subsurface exploration is to obtain
samples of the various soil strata underlying the site for visual classification and laboratory
testing. Soil samples obtained from boreholes are considered either disturbed or undisturbed.
Disturbed soil samples are collected in a way that alters the in-situ state of the soil, whereas
undisturbed samples are collected to maintain as much as possible the in-situ state of the soil.
Methods used to obtain disturbed soil samples include split-barrel sampling and bulk sampling
with augers, and a method used to obtain undisturbed soil samples is the thin-walled tube
(Shelby tube) sampler.

3.6.3.1 Spilt-Barrel Sampling and Standard Penetration Testing (SPT)

The most common method in Pennsylvania of obtaining disturbed soil samples is split-
barrel sampling, sometimes referred to as split-spoon sampling. Split-barrel sampling, in
conjunction with Standard Penetration Testing (SPT), is an ideal method to: visually classify
soil, estimate soil density/consistency and moisture content, and collect disturbed samples for
laboratory testing. In addition to these, this method is commonly used because the equipment is
readily available and rugged, the procedure is relatively easy, and nearly all soils and some very
weak rocks can be sampled/tested. Split-barrel sampling and SPT must be performed according
to Publication 222 and ASTM D1586 (where Publication 222 allows) for Department projects.

It should be noted that extreme care must be taken when performing SPT in order to
achieve the best quality and most representative data possible. The specifications for performing
the testing must be carefully and closely followed because numerous items affect the results.
These items include preparation of the borehole, condition of the sampler, hammer and drill rods,
type of hammer system used, number of rope wraps around the cathead, and distance the
hammer is dropped, and proper measurement of 6-inch increments and recording of hammer
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blows. It is also important that the boring log clearly describes the hammer system used to
perform the standard penetration testing in order to correct the recorded N-values for hammer
efficiency in cases where N-values are used to select soil parameters.

The split-barrel sampler consists of a hollow steel barrel. For Department projects, the
required barrel length is 24 to 30 inches, and the inside and outside diameters of the sampler are
1.375 and 2.00 inches, respectively. The barrel is split in half lengthwise, and the ends are
threaded. An open/hollow steel shoe is threaded onto the bottom of the tube, and the top threads
of the barrel are used to attach the sampler to the drill rods. A schematic of the sampler is shown
in ASTM D1586.

Split-barrel sampling and SPT are performed by advancing the test boring to the desired
depth by using one of the methods (i.e., hollow-stem auger, casing, or mud) discussed above.
Note that the first sample and SPT typically begin at ground surface. Once the desired depth is
achieved and all drill cuttings are removed from the boring, the sampler is attached to steel drill
rods and lowered to the bottom of the boring in a controlled manner (e.g., not dropped, free-fall,
etc.). The sampler is advanced 1.5 feet into the undisturbed ground starting at the bottom of the
borehole with a 140-pound hammer dropped from a height of 30 inches. The number of hammer
blows to advance the sampler each of the three, six-inch increments (i.e., 1.5 feet total)
constitutes the Standard Penetration Test (SPT), and these numbers are recorded on the boring
log. The sampler is then removed from the borehole, and the split-barrel sampler is opened to
remove the soil sample for visual classification and storage.

The recorded “N” value, which is the number of hammer blows to advance the sampler
per foot, is the sum of the last two six-inch intervals for the three sample increments. The blows
required to advance the sampler the first six inches are considered “seating blows” and are not
included in the determination of “N” value. The correction of “N” values for hammer efficiency
is discussed in Publication 222, Section 3.6.2. If a situation occurs when it becomes necessary to
acquire a two-foot sample, the recorded “N” value is the sum of the middle two six-inch intervals
for the four sample increments.

Split-barrel sampling and SPT can be performed continuously or at intervals. Continuous
sampling/SPT should typically be used on Department projects. Continuous sampling/SPT
means sampling and testing are performed every 1.5 feet without any gap/space between the
bottom and top of consecutive samples. Interval sampling means there is a gap/space between
the bottom and top of consecutive samples. A more detailed discussion on this is provided later
in this chapter. Additionally, specific guidance regarding SPT refusal criteria and when rock core
drilling should be performed are provided in Publication 222, Section 202.

Steel or plastic traps can be inserted between the shoe and barrel of the sampler if sample
recovery is poor. Traps are typically advantageous for very loose to loose cohesionless soils but
can be used anytime sample recovery is poor. These traps should only be used when needed, and
when used it must be noted on the boring log because traps can influence (i.e., increase) SPT
blow counts.
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3.6.3.2 Bulk Soil Sampling with Augers

Another method for obtaining disturbed soil samples is bulk soil sampling with augers.
This is a relatively inexpensive method to obtain disturbed samples of soil for visual or lab
classification at relatively shallow depths. Additionally, sampling with augers provides a larger
(bulk) sample that is needed for certain laboratory tests, including moisture density relation
(compaction) and California Bearing Ratio (CBR). Bulk sampling with augers can be performed
using either solid stem augers or hollow stem augers equipped with a center/pilot bit assembly.
Bulk sampling must be performed according to Publication 222, Section 216 and applicable
ASTM standards.

There are several limitations/disadvantages to bulk sampling with augers. Soil sampling
with augers can only be done to a limited depth, typically in the range of 10 feet. Past that depth,
it becomes difficult to determine the specific depth at which samples were actually obtained.
Another limitation of bulk sampling with augers is, generally, it is not successful below ground
water, particularly in cohesionless soil. Once saturated conditions are encountered with augers,
the resulting soil samples are generally too wet for visual classification or sample collection.
Sampling with augers also does not provide a quantitative measure of the in-situ
density/consistency of the soil like SPT provides. Lastly, the friction generated from advancing
the augers, particularly in dense/hard soil can generate significant heat that can alter the moisture
content of samples compared to the in-situ state.

3.6.3.3 Thin-Walled (Shelby) Tube Soil Sampling

Unlike the disturbed sampling methods previously discussed, undisturbed sampling
methods are intended to preserve the in-situ nature of the soil to the best extent possible.
Undisturbed soil samples are necessary when laboratory testing is needed to estimate in-situ soil
properties. These in-situ properties most commonly include shear strength and consolidation but
also could include unit weight and permeability. Undisturbed soil sampling is typically
performed in fine grained, cohesive soils that are very soft to stiff (i.e., SPT N-values less than
15 blows per foot). Consolidation and shear strength of these soils often have a significant
impact on projects, and estimating these soil properties is most commonly done by laboratory
testing since they cannot be estimated with SPT. Other in-situ testing methods including vane
shear and cone penetrometer, can be used to estimate shear strength and consolidation properties,
but these methods are not used as frequently as laboratory testing.

Cohesionless soil samples cannot be obtained using undisturbed sampling methods
because they lack the cohesion necessary for the soil to remain in the sampler during extraction
from the borehole. Undisturbed samples of cohesionless soils generally are not needed because
consolidation settlement is not a concern, and elastic settlement and shear strength properties can
be reasonably estimated from SPT. Shear strength properties can be estimated with SPT in
combination with lab classification testing for preliminary design and non-critical applications.
Disturbed samples can usually be used (i.e., remolded) to perform laboratory direct shear testing
to obtain representative estimates of shear strength of cohesionless soils for more complex
conditions or higher risk applications or situations.
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The most common method in Pennsylvania to obtain undisturbed soil samples is using a
thin-walled sampler, often referred to as a Shelby tube. Shelby tube samples must be obtained
according to Publication 222, Section 203 and applicable ASTM standards. Shelby tubes made
of 16-gauge brass, hard aluminum, or 16 or 18-gauge seamless steel, with a minimum length of
30 inches are required for Department projects. Sampler outside diameters ranging from two to
five inches are available, but the 3-inch diameter is the most common and must be used for
Department projects unless otherwise required and approved by the DGE. Three-inch diameter
samplers are preferred because they are readily available, fit inside standard augers/casing that
are typically used to advance borings, and are ideal for laboratory testing, including
consolidation, direct shear and triaxial shear.

Preferably, undisturbed samples should be obtained in a boring offset three to five feet
from a previously drilled SPT boring. By doing an SPT boring first, the depth of the material to
be sampled with the Shelby tube will be well defined, which should improve the likelihood of
obtaining a quality undisturbed sample. Consideration should be given to performing SPTs in the
offset boring above and below the undisturbed sample to ensure the material type and
consistency is the same as encountered in the adjacent SPT boring. Obtaining an undisturbed
sample in the SPT boring (i.e., not an offset boring) can be considered when the material to be
sampled is at considerable depth and SPT testing has been performed to the extent that the
material thickness/depth is well defined.

When undisturbed samples are required for a project, it is recommended that at least two
be obtained for each soil stratum being sampled, and possibly more depending upon the number
and/or type of tests proposed or anticipated. Consolidation and direct shear testing require fairly
small samples, so one Shelby tube sample with good recovery and of good quality will be
adequate to perform one set of these tests. However, triaxial shear and unconfined compression
tests require considerably more sample. For example, a three-point triaxial shear test will require
a good quality Shelby tube sample with nearly full recovery (e.g., 24 inches, etc.). Therefore,
when preparing the subsurface exploration plan, consideration must be given to the number and
type of laboratory tests that may be performed to estimate the number of Shelby tube samples
that should be obtained.

A minimum of two Shelby tubes is recommended regardless of the number and/or type of
tests proposed because the quality of the sample recovered is not known until it is extruded in the
laboratory. Sometimes a sample recovered in a Shelby tube is believed to be of good quality
based upon field observations, but upon extruding in the lab, the sample is found to be of poor
quality or is not the material type that was expected. Therefore, it is always prudent to obtain
more tubes than what is anticipated to be needed for laboratory testing.

A Shelby tube sample is obtained by advancing the boring with hollow-stem augers,
casing or mud, and removing disturbed soil to the desired sampling depth. The sampler is
attached to the drill rods and lowered to the bottom of the boring. The Shelby tube is pushed into
the undisturbed soil using the drill rig hydraulics. The sampler cannot be rotated or driven
because this can cause significant disturbance to the soil being sampled and result in erroneous
laboratory test results. Once the sampler has been pushed to the desired depth it must remain in
place for a minimum of 15 minutes. Before removing the sampler from the borehole, the drill
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rods should be manually rotated two full revolutions to shear the soil at the bottom of the
sampler.

Preserve and label the Shelby tube according to the technical provisions of Publication
222, Section 203, which includes sealing both ends of the tube with wax to maintain the natural
moisture content of the sample. Proper preservation and transportation of Shelby tubes are
critical to obtaining good quality and reliable laboratory test results. Once preserved, the Shelby
tube should be stored in an upright position with the top of the sample up (i.e., the same
orientation as in-situ condition). Tubes must be kept in a location free of disturbance/vibration
and must be protected from freezing or extreme heat. Do not store tubes in a vehicle. Deliver
Shelby tubes to the laboratory as soon as possible. In order to obtain laboratory test results that
are reliable and most representative of in-situ conditions, Shelby tube samples should be
extruded (i.e., in the same direction it was pushed in the field) and tested as soon as possible.

3.6.3.4 Piston Tube Sampler

A variation of the Shelby tube sampler is the piston tube sampler. The piston tube
sampler is typically used in very soft to soft, wet, cohesive soils that cannot be retained in a
standard Shelby tube sampler. Literature also indicates that this sampler can be successful at
retrieving samples of very loose to loose, cohesionless soils, like non-plastic silts and sands.

In general, the piston tube sampler consists of a Shelby tube equipped with a piston and
small diameter threaded piston rods that extend through the drill rods and connect the piston to
the drill rig. The piston fits snuggly in the Shelby tube, which creates a vacuum as the Shelby
tube is pushed into the in-situ soil and as the sampler is removed from the borehole. This vacuum
improves the likelihood of recovering an undisturbed sample compared to the standard Shelby
tube. Additionally, the piston keeps drilling fluid and soil cuttings out of the Shelby tube while
the sampler is lowered to the bottom of the borehole. The same sample preservation, storage,
handling and transportation procedures used for the standard Shelby tube must also be used for
the piston tube samples.

There are two basic types of piston tube samplers: the fixed piston sampler, and the free
or semi-fixed piston sampler. Both types use the same equipment described above, and both
types use a piston that is fixed in place at the bottom of the Shelby tube while the Shelby tube is
lowered to the bottom of the hole. As previously mentioned, this fixed piston at the bottom of the
Shelby tube prevents drilling fluid and soil cutting from entering the Shelby tube as it is lowered
into the borehole. The difference between the two samplers is while the Shelby tube sampler is
advanced into the in-situ soil at the bottom of the borehole, the piston is held fixed/stationary
(i.e., does not move with the Shelby tube sampler) with the piston rods when the fixed piston
sampler system is used, whereas the piston is free to travel/ride on top of the sample when the
free/semi-fixed piston sampler system is used. If the free/semi-fixed piston sampler is used, the
soil to be sampled must be of sufficient strength/consistency to push the piston upward as the
Shelby tube sampler is advanced. In most cases, if a standard Shelby tube sample cannot be
obtained because the soil is too soft, the fixed piston sampler is most likely the best alternate
method to try to retain a sample.

3-28



PUB. 293, Chapter 3 — Subsurface Explorations April 2025

The piston tube sampler is not commonly used for Department projects, and neither
Publication 222 nor ASTM has a specification for sampling with a piston tube sampler. The U.S.
Army Corps of Engineers (USCOE) EM-1110-1-1804 does provide guidance for using this type
of sampler. If a piston tube sampler is specified for use on a Department subsurface investigation
project, a modification to the standard SBSTC specifications must be made to provide the
contractor directions/requirements for performing this work.

3.6.3.5 Denison and Pitcher Tube Samplers

If relatively undisturbed samples of hard cohesive soils, soft rock, heavily cemented soils,
and stratum containing gravel are needed, which cannot typically be sampled with a Shelby tube,
a Denison or Pitcher tube sampler should be considered. Samples obtained from these types of
samplers should be considered partially disturbed and not undisturbed, although these samples
are often used for laboratory tests that are typically performed on undisturbed soil samples. The
same sample preservation, storage, handling, and transportation procedures used for the standard
Shelby tube must also be used for the Denison and Pitcher tube samples.

The Denison sampler is a double-tube core-barrel type sampler, although an additional
inner liner (i.e., triple tube) can be used to aid sample handling. Denison samplers can generally
either obtain four or six-inch diameter samples that are two feet long. The sampler consists of an
outer barrel equipped with carbide cutting teeth, and a smooth inner barrel equipped with a
cutting shoe, like a Shelby tube. The Denison sampler is advanced by rotating the outer core
barrel with conventional drill rods, flushing the cuttings from the borehole with fluid (i.e., water
or mud), and applying downward pressure on the sampler. Although the outer barrel is rotated to
advance the sampler, the inner barrel remains stationary. The Denison tube can also be equipped
with a basket type retainer, like those used in split-barrel samplers, to aid sample retention in
cohesionless strata.

The inner barrel of the Denison sampler is adjustable. It can be set flush with the end of
the outer barrel, or it can extend up to six inches beyond the end of the outer barrel, although it is
general practice that the inner barrel extends no more than three inches beyond the end of the
outer barrel. This distance is dependent upon the stratum being sampled. In soft/loose/erodible
strata the inner barrel should typically extend up to three inches beyond the end of the outer
barrel. The inner barrel is advanced/pushed ahead of the outer core barrel, which is very similar
to the standard Shelby tube procedure, while the outer barrel rotates and removes material from
around the sampler to make it easier to advance the sampler. In stiffer/denser strata the inner
barrel should generally be flush or extend minimally from the end of the outer barrel. The outer
core barrel rotates to advance the sampler and cut the sample, and the inner barrel further trims
the sample as it enters the inner barrel.

Although the distance the inner barrel extends beyond the outer barrel of a Dension
sampler is adjustable, it must be manually set before placing the sampler in the borehole. This
requires judgment and sometimes a trial and error type strategy to determine what
setting/extension results in the best sample recovery. Pre-setting the extension distance is also a
disadvantage when drilling in stratigraphy with alternating soft and hard layers. As a result of
this disadvantage, the Pitcher sampler was developed.
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Unlike the Denison sampler, the Pitcher sampler has a spring-loaded inner barrel that
automatically adjusts the extension of the inner barrel beyond the end of the outer barrel based
on resistance during drilling. In soft stratum, the spring extends so that the inner barrel shoe
protrudes into the soil below the outer barrel bit and prevents/reduces disturbance to the sample
from the drilling process/fluid. In stiff stratum, the spring compresses until the cutting edge of
the inner barrel shoe is flush with the crest of the cutting teeth of the outer barrel bit. Since the
Pitcher sampler automatically adjusts to the soil conditions, it is especially recommended for
sampling varved soils or stratigraphy with alternating hard and soft strata. Various Pitcher
sampler sizes are available. Samplers that obtain sample diameters of three, four and six inches,
and lengths of three to five feet are most commonly used.

The Denison and Pitcher tube samplers are not commonly used for Department projects,
and neither Publication 222 nor ASTM has specifications for sampling with these samplers. The
U.S. Army Corps of Engineers (USCOE) EM-1110-1-1804 does provide guidance for using
Denison and Pitcher tube samplers. If these samplers are specified for use on a Department
subsurface investigation project, a modification to the standard SBSTC specifications must be
made to provide the contractor directions/requirements for performing this work.

3.6.4 Rock Core Drilling and Sampling (Non-destructive Rock Core Drilling)

Bedrock sampling is required for most subsurface explorations, particularly subsurface
explorations for structures and roadway rock cuts and for project sites where rock is at a shallow
depth. When bedrock sampling is required, rock core drilling must be performed. Rock core
sampling is performed to:

Determine the elevation of the top of bedrock

Obtain rock core samples for visual inspection and laboratory testing

Identify the bedrock type

Describe bedrock color, hardness, weathering, bedding and discontinuity spacing,
dip magnitude, and Rock Quality Designation (RQD).

During rock core sampling, subsurface features encountered that could influence the
determination of a proper foundation may include voids, mines, or other zones of weakness such
as soil or clay infillings, discontinuities, and shear zones/faults. These features are often
identified not only in the recovered rock core samples but also during changes in drilling such as:

e Rate of Drilling — Increased or decreased drilling rate, which include tool drops or
rapid rates of advancement as these could be indicators of voids, soft zones, clay
soil seams, or highly weathered rock. Decreased drilling rates or lack of
advancement could indicate very hard rock conditions. Blocking off or plugging
of the core barrel can indicate highly fractured rock conditions or presence of clay
seams.

e Drill Water Conditions— Changes in the amount of drill water return to the surface
or loss of drill water return entirely can indicate the presence of voids, open
discontinuities, faults, weathered zones, and soil seams. Drill water return color
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should be documented for each core run as this can be an indicator to the degree
of rock weathering.

e Rock Core Sample Observations and Handling— If rock core losses are observed
documentation should identify and provide an interpretation for the core loss
particularly if the losses are thought to represent conditions different form the
core recovered. Measurements and observations such as core loss, core recovery,
and RQD should be measured while the core remains in the split inner tube, and
not after core segments are fitted together and placed in the core box. Rock core
samples should be oriented so that bedding or foliation is observed at its
maximum dip.

Rock core drilling is the process of recovering cylindrical samples (cores) of bedrock. A
core barrel equipped with a drill bit is attached to the bottom of the drill rods, and as the rods and
core barrel are rotated and advanced, the core is collected in the core barrel. Drilling fluid, which
typically consists of water but can also be a variety of slurries, is pumped through the drilling
rods and core barrel during advancement to flush cuttings from the boring and to lubricate and
cool the drill bit.

A variety of rock core drilling tools are available. Sizes/diameters of drill casings, rods
and core barrels have been standardized by the Diamond Core Drill Manufacturers Association
(DCDMA), and letter designations are used to differentiate the various sizes and types. The sizes
were selected by the DCDMA so that each tool size can fit inside the next larger size in case
telescoping of the hole is needed, for instance when drilling in a difficult formation. A listing of
some of the more common sizes available is included in ASTM D2113. Rock core drilling must
be performed according to Publication 222, Section 204 and ASTM D2113.

3.6.4.1 Core Barrels

The outside diameter of available core barrels typically ranges from approximately 1.2 to
3.9 inches, and the rock core samples that these core barrels obtain range from approximately 0.7
to 3.2 inches in diameter. For Department projects, the minimum outside diameter of the core
barrel permitted is 2.98 inches, which results in core sample diameters ranging from
approximately 1.75 to 2.3 inches. This minimum diameter corresponds to the NW, NX, and NQ
DCDMA core barrel designations. These “N” designation barrels will typically provide
acceptable results for most bedrock encountered in Pennsylvania. Larger diameter core barrels
(“H” and “P” designations) typically will provide better quality core samples. Therefore, when
drilling in a formation that is known to be weak, friable, etc. and rock core recovery and quality
may be a problem, consideration should be given to requiring larger core samples.

Core barrels can be single, double, or triple tube. The single tube core barrel is the most
basic core barrel, subjects the rock core to the most disturbance, and generally results in poor
drill core quality and recovery. The rock core in the single tube barrel is exposed to drilling fluid
over its entire length during the coring process and rotates with the core barrel once the core is
broken free from the in-place rock. Consequently, rock core recovery and quality are often poor
when a single tube core barrel is used. Therefore, single tube barrels are not permitted for use on
Department projects. Double tube barrels are the current minimum requirement for Department
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projects according to Publication 222, Section 204. Double tube barrels better protect the rock
core during drilling, which helps improve rock core recovery and quality. The double tube barrel
includes an inner steel barrel that protects the core from exposure to drilling fluid, although the
bottom of the core may be subject to the drilling fluid during the coring process. A triple tube
core barrel is similar to the double tube barrel, but it includes an additional liner to better protect
the rock core. The triple tube core barrel provides the best core protection and will yield the best
rock core quality and recovery. When drilling in a formation that is known to be weak, highly
jointed, friable, etc. and rock core recovery and quality may be a problem, consideration should
be given to requiring a triple tube core barrel.

3.6.4.2 Inner Core Barrels

The inner barrel(s) of the double and triple tube systems can be either rigid or swivel
type. A rigid type of inner barrel is fixed to the outer core barrel and rotates with the outer barrel.
This rotation causes problems, including crushing and grinding of the core, and core blockage.
According to Publication 222, Section 204, rigid type inner barrels are not permitted on
Department projects. Swivel type inner barrels are required on Department projects. Swivel type
barrels are the most common type used. They are attached to the outer barrel with a bearing that
allows the inner barrel to remain stationary while the outer barrel rotates. Since the inner barrel
does not rotate, a much higher level of protection is provided to the rock core.

The inner barrel of the double and triple tube systems can be either solid or split. Rock
core is removed from the solid inner barrel by tapping on the barrel with a hammer and catching
the core as it falls out of the bottom of the barrel. When the rock is thinly bedded, laminated, or
closely fractured, removal of the core from the barrel can be problematic. It is also difficult to
“reassemble” the recovered core to its in-Situ condition for measuring recovery and RQD, and
providing an accurate description. Therefore, according to Publication 222, Section 204, split
inner barrels are required on Department projects. Split inner barrels are split longitudinally in
half and held together with special tape placed at numerous locations along the barrel. Once a
core run is completed and the inner barrel is removed from the outer barrel, the tape is cut, and
the barrel halves are opened. The core in the inner barrel can be more accurately measured,
described and placed into the core box compared to core retrieved from a solid barrel. Use of a
split inner tube allows the inspector to examine the rock core in nearly the same position as it
was in the subsurface. It is advantageous for the drilling contractor to have two or more split
inner barrels on site to allow rock core drilling to proceed while the inspector measures and
describes the rock core from the previous core run while still in the split inner barrel.
Alternatively, a split/half round PVC pipe or a spare/damaged half of a split inner barrel can be
used to transfer the core from the inner barrel being used for rock core drilling.

The double and triple inner barrel systems can be either conventional or wireline. Both
types can be used on Department projects, but the wireline system is more common and efficient.
Removal of the inner barrel from a conventional core barrel is done by removing the core barrel
from the borehole, which requires removing all the drill rods from the borehole after drilling of
each core run is complete. Once the core barrel is removed, the outer barrel is disassembled, and
the inner barrel is removed. If additional coring is required, the core barrel and drill rods must be
reinserted into the borehole. This process is tedious and time consuming and returning the core

3-32



PUB. 293, Chapter 3 — Subsurface Explorations April 2025

barrel to the previous depth can be difficult, particularly in fractured rock formations. The
wireline core barrel system allows the inner barrel to be retrieved while the core barrel and drill
rods remain in place in the borehole. A tool, referred to as an overshot mechanism, is lowered on
a winch cable (i.e., wireline) through the drill rods to the core barrel. The mechanism locks onto
the inner barrel, and it is removed from the hole. The overshot mechanism is also used to return
the empty inner barrel into the outer core barrel so that rock core drilling may continue. The
wireline system is much faster than the conventional system, particularly for deep borings and/or
where considerable coring is required.

Conventional (i.e., not wireline) core barrels are available in three series, including “G”,
“M” and “T”. The “G” series is the most simple and rugged. These barrels expose the bottom of
the core to the drilling fluid that can erode the core. This series is not permitted on Department
projects. The “M” series core barrel is the most commonly used and is required on Department
projects. This series limits the exposure of the core to drilling fluid that minimizes erosion of the
core. Wireline core barrel systems, which are designated by “WL” are very similar to the “M”
series conventional core barrel. The “T” series is a thin walled barrel that provides a larger core
to borehole size/diameter ratio.

3.6.4.3 Core Bits

A rock core drilling bit is attached to the leading end of the core barrel, and the bit cuts
the rock core from the bedrock mass. Numerous types of bits are available, including diamond
bits, carbide bits, and sawtooth bits. Carbide and sawtooth bits are made from metal and are only
suitable for softer rocks or very dense overburden. These bits are less expensive than diamond
bits, but they do not have the longevity of diamond bits, and the drilling rate is slower compared
to the rate when using a diamond bit. Diamond type bits provide the best quality rock core and
can be used for soft and hard rock. Diamond bits are required for Department projects.

There are numerous types/designs of diamond bits, and the drilling contractor will select
the specific diamond bit design to use based on the rock type anticipated for the specific project.
Bit selection is dependent upon the diamond type and matrix, rock formation (i.e., hardness and
grain size), drill equipment power, and core barrel type. Sometimes the drilling contractor will
try various diamond bit types on a project to determine which provides the best quality rock core,
cores the most efficiently, and lasts the longest. Diamond bits do eventually become dull and
require sharpening/reconditioning. If during rock core drilling the quality of the core deteriorates
and/or the coring rate decreases, a likely cause is a worn core bit. The bit should be replaced as
necessary.

Diamond bits can either be surface set or impregnated. Surface set bits are used for most
conventional drilling operations. Larger diamonds are used for softer rocks, and smaller
diamonds are used for harder rocks. These bits can be problematic in formations that have
significant variations in rock hardness. Impregnated diamond bits include a mixture of diamonds
and metal powder, and typically have a longer life than the conventional diamond bits. These bits
can be used in both soft and hard rock formations, and they are typically used on wireline core
barrels since bit longevity is crucial. The bit longevity is important to ensure that the drill rods
and core barrel do not have to be removed while drilling a boring to replace the bit.
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Drilling fluid flow through diamond bits can either be side or face discharge. Discharge
through the side (inside to outside) is normally acceptable, especially in harder rocks that are not
sensitive to erosion. However, if drilling in softer formations and core recovery is a problem,
consideration should be given to the use of a bottom discharge bit to reduce core loss from
erosion.

Just above the core bit is the reaming shell. The reaming shell enlarges the hole to the
final diameter and provides adequate clearance to allow drilling fluid and cuttings to flow to the
surface. The reaming shell also serves as a centralizer for the core barrel. Similar to the bit, the
reaming shell can either be surface set with diamonds or impregnated with diamonds and metal
powder. Alternatively, the reaming shell can be made with tungsten carbide strips or other hard
surface materials.

3.6.4.4 Concrete Core Drilling and Sampling

For many subsurface exploration projects, it is necessary to obtain representative
concrete, bituminous concrete, or other human-made materials for pavement design, and to
obtain soil and rock samples that underlie these materials. A concrete cutting/coring barrel is
used to collect these samples and usually consists of a barrel with a diamond impregnated shoe
capable of cutting concrete, including reinforced concrete. Like rock coring, water is used to cool
the bit and clear drill cuttings. Concrete core drilling must be performed according to Publication
222, Section 205 and ASTM C42.

3.6.5 Unsampled Rock Drilling (Destructive Rock Drilling)

When rock drilling is needed but rock core samples are not required, destructive rock
drilling is typically more efficient and cost effective than rock core drilling. Destructive rock
drilling is useful for:

e Determining the top of bedrock elevation and bedrock type

e Investigating the variation in the surface of pinnacled or variably weathered
bedrock

e Defining voids and soil seams below the top of bedrock in solution prone

formations (e.g., limestone, dolomite, marble, etc.)

Defining limits of voids or seams in coal bearing formations

Installation of instrumentation (e.g., inclinometers, borehole camera, etc.)

Selecting pile or drilled shaft tip elevations

Estimating the need for predrilling for pile installation

Destructive drilling is typically only performed after enough rock core borings have been
conducted to characterize (e.g., type, hardness, quality, presence of seams/voids, etc.) the
bedrock at the project site. Destructive drilling is generally used to augment rock core drilling
information, rather than replace rock core drilling. Destructive drilling can be performed during
the design phase of a project, but more commonly destructive drilling is used during
construction. Destructive drilling is performed using equipment different than that used to
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perform rock core drilling. Thus, there will be additional mobilization costs associated with the
destructive drilling if rock core drilling is also being conducted. Therefore, when assessing if
destructive drilling should be performed to supplement rock core drilling, much consideration
must be placed against the greater efficiency of destructive drilling.

Destructive rock drilling can be performed with a variety of equipment, but typically is
most efficiently accomplished by the air rotary method. This method is often referred to as “air
track drilling” because compressed air is used, and the drill equipment is typically mounted on
tracked machinery. The air rotary method uses air and rotation of the drill rods to excavate/drill
the bedrock. A drill bit attached to the drill rods is rotated while compressed air is forced through
the drill rods. The compressed air exits through the drill bit to remove cuttings (rock chips and
dust) from the hole. Another version of the air rotary method, referred to as a down-the-hole
hammer, uses a hammer in addition to air and drill rod rotation. The hammer is attached to the
drill rods just above the drill bit, and compressed air is used to activate the hammer as well as
remove cuttings from the hole. The hammering action of the drill bit, in addition to the rotation
of the drill rods, improves the rate of rock excavation, particularly in harder rock. Water is often
used to suppress rock dust generated from the drilling process and to facilitate cooling of the
hammer bit. Drill bit diameters for the air rotary method typically range from approximately one
to three inches, whereas down the hole hammer drill bits typically range from 4 to larger than 20
inches.

Although core samples of the bedrock are not obtained from the air rotary method,
considerable information can be obtained, particularly when the drilling is observed by a trained
individual. The top of bedrock is generally easily determined because the drill reacts differently
when advanced through soil (i.e., unconsolidated material) compared to bedrock (i.e.,
consolidated material). Also, the cuttings, which consist of rock chips and dust, blown from the
hole can be examined by a trained individual to determine the bedrock type. Often a fine screen
or sieve is used to collect and examine the cuttings. Changes in the bedrock, for instance
weathered intervals or soft seams, can often be identified by color variations in the rock cuttings
and/or a change in the behavior of the drill rig. The rate of rod advance, per foot, should be
observed and recorded. This advancement rate can provide an indication of relative bedrock
hardness, and the presence of voids and soil seams.

Caution must be used when using the air rotary method in karst topography (e.g.,
limestone, dolomite, marble, etc.). Due to the high volume of air injected into the borehole, the
air rotary method can deteriorate subsurface conditions, particularly if very loose soils and/or
voids are present. If groundwater is encountered, these problems can be exacerbated since the
compressed air forces the water out of the borehole and throughout the subsurface, which can
cause additional erosion, formation of voids, etc.

Air rotary drilling is primarily intended for rock drilling (i.e., consolidated materials). Air
rotary drilling has no or very limited use for sampling, identifying or describing soil deposits. Air
rotary can advance through soil, typically for the sole purpose of reaching and drilling bedrock.
In some soils, like wet, clayey soil, the soil may clog the drill bit and prevent the soil cuttings
from being blown to the surface. If this occurs, boring advancement can be difficult, and may not
be possible. If advancement through soil by air rotary drilling is not possible, soil drilling must
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be performed using different drilling techniques/equipment. Temporary casing can be installed to
support the overburden and permit air rotary drilling of rock.

3.7 TEST BORING PROCEDURES/CONSIDERATIONS
3.7.1 Continuous versus Interval Standard Penetration Testing

Split-barrel sampling can either be done continuously or at intervals. Continuous spilt-
barrel sampling, which is typically used for Department projects, means sampling is performed
every 1.5 feet without any gap/space between the bottom and top of consecutive samples.
Interval sampling means there is a gap/space between the bottom and top of consecutive
samples. The typical intervals are three feet and five feet, and this distance is measured from the
top of consecutive samples. Therefore, three feet interval sampling means split-barrel sampling
starts every 3 feet, and there is a 1.5-foot gap/space between the bottom and top of consecutive
samples. Publication 222 SBSTC includes pay items for continuous and interval sampling, a
premium for borings on water, and premiums for deep (60 — 120 ft.) and extra deep (>120 ft.)
sampling.

Continuous sampling provides a more complete indication of the subsurface conditions
compared to interval sampling, but is more time consuming and will cost more than interval
sampling. Test borings performed for structure foundation design, landslide explorations, or
where the overburden is relatively thin typically should use continuous sampling. Interval
sampling should typically be used for geotechnical roadway design where the overburden is
relatively thick and subsurface conditions are uniform. In thick overburden deposits,
consideration can be given to performing a combination of continuous and interval sampling in
the borings. Continuous sampling can be used in the upper portion of the borings where stresses
from foundations and embankments are generally higher, and a more detailed understanding of
the subsurface conditions is needed. Interval sampling can be used at lower depths in the borings
where stresses from proposed construction will be lower; therefore, a detailed understanding of
the subsurface is not as critical.

3.7.2 Standard Penetration Test (SPT) Refusal

Generally speaking, SPT refusal occurs when very hard/dense material is encountered,
and the split-barrel sampler cannot be advanced or can only be advanced with excessive hammer
blows. Various definitions of SPT refusal exist throughout the drilling industry. Publication 222,
Section 202 must be followed for Department projects, and defines SPT refusal as one of the
following:

1. 50 blows/drops of the hammer advances the sampler one tenth of a foot (0.1 ft.) or
less

2. 50 blows/drops of the hammer advances the sampler three tenths of a foot (0.3 ft.)
or less for two consecutive 6-inch sampling intervals.

Once SPT refusal is achieved, the test boring will either be stopped, or rock core drilling
will commence. Whether to stop the boring or begin rock core drilling will be based on the
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purpose of the test boring and must be indicated in the Schedule of Proposed Borings. It is
important to follow Publication 222, Section 202 refusal criteria guidelines to ensure consistency
on individual projects across the state, and so that drilling contractors can bid the work
accordingly. Even if rock core drilling is performed, it is possible that SPT will be required in the
test boring if rock core recovery is less than 20%. See Publication 222, Section 202 for detailed
guidance on advancing the test boring after SPT refusal is encountered, and see Section 3.6.4 for
discussion on rock core drilling.

3.7.3 Rock Core Drilling Core Run Lengths

As discussed above and as indicated in Publication 222, Section 202, if
required/necessary, rock core drilling commences once SPT refusal is achieved. Rock core
drilling is typically performed by coring in intervals (i.e., core runs) ranging in length from two
to five feet. Five feet is the maximum core run length permitted on Department projects. The
core run length used is based on several factors, but must be according to Publication 222,
Sections 202 and 204.

The first rock core run should not exceed two feet in length. Limiting the first core run to
two feet aids in assessing if the quality of the material is suitable for continued rock core drilling,
or if a cobble or boulder was encountered. Based upon the material and material quality
encountered in the first 2-foot core run, a determination can be made as to whether SPT or rock
core drilling should continue. Additionally, the top few feet of bedrock are typically of poorer
quality (i.e., weathered or softer) than the bedrock below; therefore, a limited core run length of
two feet is required to better define the condition of the bedrock near the surface. If a longer core
run, say five feet, is used at the start of rock core drilling and poor rock core recovery is
obtained, it is often difficult to determine if the poor recovery is only from the upper portion of
the 5-foot core run, or if it is consistently poor throughout the entire core run. Therefore, limiting
the length of the first core run allows more accurate characterization of the bedrock, permits
better assessment of acceptable rock bearing elevation for spread footings and deep foundations,
and helps estimate means for excavating bedrock.

The rock core recovery percentage (i.e., length of core recovered divided by total length
of core run) from the first 2-foot core run is used to determine the next drilling action. If the rock
core recovery percentage is 80% or higher, a core run of up to five feet in length can be
attempted. However, if the first 2-foot core run recovery is less than 80% but greater than or
equal to 20%, the next core run must be limited to no more than three feet in order to help further
define the transition between the poorer and better quality bedrock. If the first 2-foot rock core
recovery percentage is less than 20%, additional standard penetration testing may be needed
before resuming rock core drilling. Refer to Publication 222, Section 202 for more details.

3.7.4 Sampling Highly Weathered/Very Soft Bedrock
Thick zones of highly weathered bedrock, which can be common with schist and gneiss,
and very soft bedrock, which can be common with claystone, coal and shale, are often very

challenging to sample. Such highly weathered and/or soft bedrock is typically hard enough to
result in SPT refusal, so a sample cannot be obtained with a split-barrel sampler. However, this
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material is frequently weathered/soft enough that drilling disturbance and water used during rock
core drilling destroys most, if not all, of the sample. Extra care must be taken when sampling
these types of bedrock so that adequate sample can be obtained for classification/characterization
purposes. Use the requirements of Publication 222, Section 204 to achieve the best results
possible.

Avoid conducting long lengths of SPT or rock core drilling if no to minimal sample is
recovered. Even if SPT refusal criteria according to Publication 222, Section 202 is not quite
achieved, but little to no sample is recovered after several attempts (i.e., 3 sample intervals or 4.5
feet), consider a short (i.e., 2 to 3 feet) rock core run. When rock core drilling in these types of
bedrock, discuss drilling techniques/methods with the drill operator to help improve sample
recovery. Discuss types of drill bits available, amount of water delivered to the bit during coring,
and down pressure/rate of advancement of the drill rods/core barrel. Use 2-footcore runs, and if
no or minimal sample is recovered after two or three core runs, attempt sampling by SPT.
Standard penetration testing, even if no to little sample is recovered, provides more information
(i.e., penetration resistance) for design and construction considerations compared to core runs
that obtain no to little recovery.

3.7.5 Sampling Pinnacled and/or Voided Bedrock

Rock core drilling in pinnacled and or voided bedrock can be difficult and challenging.
Pinnacled bedrock (i.e., carbonate rock with highly differential weathering) can have extreme
variation in the top of bedrock surface over very short distances. Drilling tools, including augers,
casing, split-barrel samplers and core barrels tend to “wander” on the pinnacled surface. Note
that casing seems to perform better in pinnacled rock compared to hollow stem augers. This
wandering can cause augers/casing to bow/bend to the point of breaking, or enough to prevent
sampling tools from reaching the bottom of the boring. Split-barrel samplers often get wedged in
the fractures in the pinnacled surface or simply shear off at the connection to the sampler rods.
Due to this drill tool “wandering”, boreholes sometimes must be abandoned, and a new test
boring performed nearby.

Carbonate bedrock (e.g., limestone, dolomite, marble, etc.) tends to have more soil seams
than other bedrock formations, and these seams can range in thickness from less than an inch to
several feet. Carbonate bedrock also can have rock “ledges” that overlie thick soil stratum, and
wide vertical or near vertical soil filled seams. Consequently, soil sampling is often required in
carbonate bedrock after bedrock core drilling has begun. The purpose of the boring and the
information required for design and construction will determine whether sampling of soil seams
below the top of bedrock is required. If soil sampling is needed below the top of bedrock, a few
options are available as discussed below.

For relatively thin soil seams, say less than a few feet in thickness, a small diameter split-
barrel soil sampler (i.e., 1.5 to 1.75-inch OD) may be appropriate to use. A standard 2-inch OD
split-barrel sampler is too big to be inserted through a standard N-size wireline core barrel. These
core barrels typically have a 2-inch or smaller inside diameter. This small diameter split-barrel
soil sampler is advantageous because the core rods and barrel do not have to be removed from
the hole to use this sampler, and the core rods function as casing to support the borehole while
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using the small diameter sampler. This sampler does not meet the Publication 222, Section 202
or ASTM specifications for normal SPT sampling; however, this sampler can be considered for
use in such special circumstances, as when attempting sampling and penetration testing below
top of bedrock surface, and available drill casing does not permit passage of a standard split-
barrel sampler. Note that, due to the large variation in available core drill barrel diameters, and
since some drilling contractors use customized tools, it is possible that a standard split-barrel soil
sampler will fit through some N-size core barrels.

Sampling of thick soil deposits below the top of bedrock will require that the core drill
rods and core barrel be removed from the borehole if a standard 2-inch OD split-barrel soil
sampler cannot be inserted through the core barrel. Assuming the core drilling rods must be
removed to insert the standard split barrel soil sampler, the borehole will be partially
unsupported. In these cases, it is necessary to advance the augers/casing through the bedrock. As
discussed earlier, augers most likely will not be able to advance past the top of bedrock.
Consequently, drilled in casing equipped with a diamond bit cutting shoe will most likely be
necessary to case the hole through bedrock and into the soil seam. Since casing may need to be
advanced through bedrock when drilling in carbonate bedrock, and since casing often performs
better when pinnacled bedrock is encountered, the use of drilled casing should be considered
(and may be required) when performing test borings in carbonate bedrock.

Voids in the bedrock, either occurring naturally in carbonate rocks or human-made from
mining, often present challenges or problems when rock core drilling. When a void is
encountered, drill water return to the surface will be lost. Loss of drill water return can also occur
in bedrock that does not have voids, for instance when an open fracture or highly
weathered/broken zone of bedrock is encountered. Nonetheless, drill water return is beneficial to
the driller to help ensure that adequate water is being delivered to the bit for cooling/lubrication
and to flush cuttings, so losing drill water return is a disadvantage. Encountering voids can also
present a problem if the core drilling rods and barrel have to be removed from the borehole (e.g.,
to replace the bit, free a stuck inner barrel, other mechanical issues, etc.), because it can be
difficult to replace the core barrel into the borehole beneath the void. The use of wireline drilling
tools significantly reduces the likelihood of having to remove the rods from the borehole, but it is
still occasionally necessary.

3.7.6 Inclined Drilling

Vertical borings are typically enough for exploration in horizontal to near horizontal
bedded geology and are used on most subsurface exploration projects. However, for steeply
bedded rock, or where complex folded and faulted geology is present, inclined borings may be
necessary to sufficiently explore subsurface conditions and increase the likelihood of the boring
intersecting steeply inclined discontinuities. In addition, inclined borings may be used where
surface obstructions prevent vertical holes.

The location and spacing of borings are dependent upon the orientation of the geologic
structure. For example, if known or suspected near-vertical joints, shear zones, or faults need to
be identified for design purposes, inclined borings may be completed to characterize them. The
length of the inclined boring should be based on the anticipated foundation type and lithology.
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Inclined borings are more time intensive and costly to obtain than vertical borings, and not all
drilling rigs can complete inclined borings. SPT sampling of the overburden is not feasible in an
inclined boring. Boring inclinations up to 30° from vertical are usually obtainable. Inclinations
greater than 30 degrees are generally not possible. It is important to understand that inclined
borings are subjected to alignment deviations due to the natural tendency of angled drill tooling
to deflect downward toward a vertical orientation with depth. Causes of borehole deviation can
include the use of worn or damaged equipment, hard rock zones, voids, and discontinuities
within the rock.

3.7.7 Grouting/Backfilling Boreholes

Once information is obtained from a test boring, it must be grouted/backfilled. Boreholes
must be backfilled with cement grout for a variety of reasons, including safety, preventing
groundwater/aquifer contamination, and preventing ground subsidence. Publication 222,

Section 209 provides requirements/guidance for backfilling of boreholes.

There are two primary reasons for properly backfilling boreholes. The first is an
environmental requirement to prevent potential contamination or cross-contamination of
aquifers. Boreholes must be properly backfilled to prevent surface water from entering and
possibly contaminating the groundwater. Possible groundwater contamination from surface water
influence is a particular concern when the borehole is in the vicinity of a spring or well that is
used as a drinking water source. When boreholes encounter multiple voids, the borehole must be
grouted in stages to ensure that the borehole is backfilled below and above each void so that
regional groundwater flow and flow within mine workings are not altered. Grouting boreholes
that have encountered multiple voids or a “large” void will require the use of grout baskets/plugs
to prevent grout loss into the voids. Small voids in carbonate bedrock can be grouted along with
the borehole instead of using a basket/plug.

The second main reason for backfilling boreholes is for safety. Borings that are not
backfilled, or not backfilled properly, can seriously injure a pedestrian. Cases have occurred
where pedestrians have been injured from stepping into an open borehole, and they have
requested financial compensation from the Department and/or consultant. Therefore, backfilling
boreholes must not only be done to protect the public, but it must be done to avoid potential
costly disputes. Boreholes not backfilled or improperly backfilled can also result in ground
settlement that could result in harm to the traveling public or damage to public and/or private
property. Open or improperly backfilled boreholes in carbonate bedrock can be conduits for
surface waters to enter the subsurface and cause erosion that eventually leads to ground
subsidence at the surface. The cost to backfill a borehole is minimal compared to the potential
cost of an injury to the public or damage to property.

Another potential critical need to properly backfill boreholes is when artesian conditions
exist. Boreholes not properly grouted in artesian conditions often result in latent damage to the
subsurface in the surrounding area that can undermine existing structures or cause subsurface
damage that is costly to repair or remediate. Borings drilled into an artesian aquifer that produce
flowing water at the ground surface must be backfilled with extreme care. Improper backfilling
when these conditions are encountered could allow leakage/piping that may degrade the
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subsurface and cause subsidence at the ground surface. If water flows from the borehole to the
ground surface, augers/casing should be extended above the ground surface to contain the water
(i.e., stop the flow). Once the flow is stopped, grouting should commence according to
Publication 222, Section 210. Augers/casing will have to temporarily remain in place during
grouting to prevent any flow of water from the borehole. If auger/casing stick up above ground
surface is not adequate to stop the flow from an artesian aquifer, additional measures will be
required to properly backfill the borehole. These measures could include the use of mechanical
packers and/or heavy weight grout.

Publication 222, Section 209 provides grout mixes and procedures for backfilling
boreholes. Three grout mixes are provided in Section 210. Type 1 is a neat cement grout that
should be used for backfilling most boreholes. Type 2 and 3 mixes contain bentonite and are
intended to backfill boreholes that are drilled in soft soils and soft/porous bedrock where grout
loss may occur and for backfilling around inclinometer casing. As indicated in Section 210, grout
should be placed in the borehole by pumping through a grout pipe placed at the bottom of the
borehole. The pipe used to monitor groundwater levels should be used to place the grout so that
the borehole remains cased/supported until grouting is completed. Similar to placing concrete
under water, the grout must be deposited through a pipe placed at the bottom of the borehole so
that any water in the borehole “rides” on top of the grout to the surface and does not get trapped
in the borehole. Water trapped beneath grout will often lead to settlement of the grout and
subsidence at the ground surface.

3.7.8 Groundwater

It is necessary to understand the groundwater conditions on a project site in order to
properly design the proposed highway facilities and determine the impacts of groundwater
during construction. Groundwater levels must be observed and recorded during the subsurface
exploration, and for some situations long term observation/monitoring is necessary. With a
thorough understanding of the groundwater conditions, necessary mitigation measures and
associated costs can be planned and implemented

3.7.8.1 Groundwater Monitoring during Subsurface Exploration

Groundwater must be observed and recorded during drilling of test borings, and for a
minimum 24-hour period after the completion of drilling before grouting. Where groundwater is
located within a permeable soil stratum, like sand or gravel, it can often be detected during split-
barrel sampling because the soil samples, and sometimes even the split-barrel sampler, will be
visibly wet once groundwater is encountered. When groundwater is located within a less
permeable soil stratum, like clay and clayey silt, groundwater is difficult to detect during
sampling. Requirements for observing/measuring groundwater levels in test borings are included
in Publication 222, Section 208.

Since the groundwater elevation is often difficult to determine during drilling, it must be
monitored after the completion of a boring. At a minimum, zero hour and 24-hour groundwater
levels must be observed in all borings. After the completion of drilling, but before the
augers/casing/mud are removed, PVC pipe with a slotted or perforated section at the bottom
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must be inserted into the borehole. This PVC pipe will prevent the boring from completely
collapsing once the augers/casing are withdrawn and permit groundwater observations.

The zero-hour groundwater reading is taken immediately after the augers/casing are
removed from the boring. This water level typically does not represent the static groundwater
level. If water is introduced into the boring during drilling for rock core drilling or flushing of the
borehole, the zero-hour water level in the boring will often be higher than the static groundwater
level. Conversely, when borings are drilled in low permeability materials and water is not
introduced into the boring during drilling, the zero-hour level is typically lower than the static
groundwater level because it takes time for groundwater to infiltrate into the borehole and
stabilize.

The 24-hour groundwater reading is taken approximately 24 hours after the zero-hour
reading. This generally provides a better representation of the static groundwater level since the
water level in the borehole has time to equalize with the water level in the surrounding soil/rock.
When borings are left open (i.e., not grouted) for a period longer than 24 hours, additional
groundwater readings should be taken and recorded on the boring log. At a minimum, the water
level in the boring should be recorded at the completion of drilling, 24 hours after the completion
of drilling, and immediately before grouting the boring. When observing the groundwater
elevation in very clayey soils, longer periods of observation (possibly including installation of a
piezometer) may be necessary, since it can take significantly longer than 24 hours for water
levels to stabilize in these very low permeability soils.

During the monitoring period ensure that surface water does not enter the boring since
this will most likely elevate the water level in the boring. This can usually be accomplished by
mounding soil around the top of the boring. Trapped drill water may also remain in the boring 24
hours or more after the completion of drilling. If trapped drill water is suspected it can be
removed with a mechanical bailer or by other means, and the water level can be monitored for an
additional 24 hours or more. Be skeptical of groundwater levels that are measured at or above
soil sample elevations that are described as dry or damp (or moist for granular samples). When
drilling near creeks, streams, rivers, etc., expect the groundwater level to be at or near the normal
water surface elevation of the waterway.

According to Publication 222, Section 208, water levels must be measured with
electronic water level indicators. Care must be taken when using these indicators. Before
inserting into the borehole, submerge the water level indicator probe into a bucket of water to
ensure it is operating properly. Additionally, these water level indicators, and in particular, the
tape type, can adhere to the side of the PVC casing due to water adhesion, and signal a higher
water level than actually exists. If this is suspected, use an alternate method, such as a weighted
tape, in conjunction with the electronic indicator to confirm the actual water level.

3.7.8.2 Long-Term Groundwater Monitoring
For projects where long-term groundwater readings are needed to determine if there are

seasonal or precipitation related variations in the groundwater level, piezometers should be
installed in designated test borings. There are numerous types of piezometers, including
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standpipe/Cassagrande, vibrating wire, and pneumatic. Publication 222, Section 206 provides a
specification for the installation of standpipe piezometers. Long-term groundwater monitoring
should be considered for landslide remediation projects, roadway projects with “large” proposed
cuts/fills, and other projects where groundwater could significantly impact design or
construction.

3.7.8.3 Confined and Unconfined Aquifers

Groundwater occurs in aquifers under unconfined or confined conditions. Multiple
aquifers at various depths typically underlie a project site, although usually only the uppermost
aquifer is encountered during a subsurface exploration for roadway projects because the borings
are typically shallow with respect to the depth of many aquifers.

Typically, the shallowest aquifer at a project site is an unconfined aquifer. An unconfined
aquifer is open to receive water from the ground surface, and the aquifer water level, often
referred to as the groundwater table, is free to fluctuate up and down. During wetter seasonal
periods (i.e., winter and spring) the water level of the aquifer typically rises, and during dry
seasonal periods (i.e., summer) the water level typically falls. In Pennsylvania, unconfined
aquifers often recharge streams and rivers; therefore, the unconfined aquifer water level is very
similar to the level of the adjacent stream/river. Sometimes “perched” groundwater is located
beneath a project site. Perched groundwater is water that is trapped above a low permeability
layer, such as clay. This term is used to describe a localized area of groundwater that has a higher
level than the level of the larger, regional aquifer.

Where water completely fills an aquifer that is overlain by a relatively impermeable or
impermeable layer of soil or rock (i.e., confining layer), the water in the aquifer is said to be
confined. A relatively impermeable confining layer is referred to as an aquitard, and a
completely impermeable confining layer is referred to as an aquiclude. This confining layer
prevents water from above entering the aquifer. Instead, the aquifer is recharged laterally. These
aquifers are often located beneath an unconfined aquifer.
3.7.8.4 Artesian Aquifers

Occasionally, water within confined aquifers is under pressure. These are referred to as
artesian aquifers. Artesian aquifers typically occur in valleys or at the base of mountains where
confined aquifers are recharged from a connection to water at higher elevations. The head of
water from the higher elevations pressurizes the water in the lower confined aquifer since the
water cannot rise due to the overlying confining layer. If the overlying confining layer of an
artesian aquifer is penetrated by a test boring, the water level in the test boring will rise above the
level in the aquifer to a level equal to the water pressure in the aquifer (i.e., height of water level
above top of aquifer equals the water pressure within the aquifer divided by the unit weight of
water). A well installed into an artesian aquifer is referred to as an artesian well, and if the water
in the well naturally flows to the ground surface it is referred to as a flowing artesian well.
Artesian conditions can also be encountered when drilling at the base or downstream of a
dam/water impoundment.

3-43



PUB. 293, Chapter 3 — Subsurface Explorations April 2025

Extreme care must be taken when an artesian aquifer is encountered by a test boring,
particularly if the water flows to the surface. If the flowing water is not stopped, it could carry
finer soil particles (i.e., silts and fine sands) to the surface, which is often termed piping. This
piping can cause ground settlement due to the loss of the material from underground. If water
flows from the top of the augers/casing during drilling, additional sections should be added
above ground surface to contain the aquifer water within the augers/casing. Typically, a 5-foot
section of casing will be adequate to contain the flow. If the water can be contained within a
reasonable height above ground surface, the boring may be advanced to completion. If the water
cannot be contained the boring should be abandoned and immediately grouted. Upon completion
of the boring, it is critical that the boring is properly grouted to prevent water leakage from the
borehole. Note that where flowing water conditions are encountered, foundations that penetrate
the artesian aquifer should be avoided where possible, due to potential degradation of the
subsurface from piping.

3.7.9 Running Sands

Sometimes when advancing a boring through soil, a condition referred to as “running
sands” or “blow in” is encountered. Running sands refer to cohesionless soil, typically sands,
which enter the boring through the bottom of the augers or casing. When encountered, the
running sand will often fill the casing with several feet or more of soil, preventing the sampler
from reaching the bottom of the hole.

This condition occurs when the groundwater level outside of the casing is higher than the
water level inside. This difference in water level causes the water pressure outside the casing to
force the cohesionless soil into the bottom of the casing. This typically happens when a boring is
being advanced through low permeability soil and then a high permeability layer (i.e., sand) is
encountered. The low permeability soil does not allow groundwater to flow quickly enough
inside of the augers/casing and creates the unbalanced water level. Running sands also occur
when watertight casing is used to advance the boring and groundwater cannot easily enter the
casing. Removal of the center bit from the casing once the desired sampling depth is reached
sometimes creates a vacuum that further accelerates the development of running sands.

Running sands can typically be avoided by introducing water into the augers or casing so
that the water level inside the casing is at or above the groundwater level. By doing this, the
water pressure at the bottom of the boring will be equal to or greater than the water pressure
outside of the boring, and soil will not run into the boring. If running sands are encountered, the
boring must first be cleaned by flushing with water using a roller bit, chopping bit, etc. to the
bottom of the augers/casing (i.e., the sampling depth). While removing the drill rods from the
boring, water should be pumped into the top of the augers/casing keeping them full. The sampler
should be lowered to the bottom of the boring, and drill rod stick up above ground surface should
be measured to ensure that the sampler is at the proper location. Before and during removal of
the sampler from the boring, the casing should again be pumped full of water. This procedure
should be followed for the remainder of the boring, or until the augers are seated into a less
pervious, cohesive material. If filling the casing with water does not prevent running sands, then
a heavier drilling fluid, like drilling mud/slurry, must be used to continue the boring.
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3.7.10 Pavement Design Borings

Recommended location and depth requirements for borings drilled to obtain information
on subgrade material for pavement design are provided in Tables 3.2.4-1 and 3.2.4-2. One
purpose of pavement design borings is to obtain bulk soil samples for laboratory testing to
estimate the subgrade strength. The Department’s current pavement design procedures require
the determination of the California Bearing Ratio (CBR) of the subgrade soil to estimate the
resilient modulus (M) of the subgrade soil. Another purpose of pavement design borings is to
obtain cores of the existing pavement for projects where overlay and/or match-in-kind pavement
construction is anticipated.

Soil samples for CBR testing should be collected on all projects where pavement design
is required. In addition, the use of dynamic cone penetrometer (DCP) or falling weight
deflectometer (FWD) may be considered for estimating resilient modulus if reliable correlations
are available and approved by the Department Central Office Pavement Design and Central
Office Geotechnical Sections. When collecting samples for CBR, or if conducting DCP or FWD,
additional samples should be collected to run index tests including gradation, Atterberg limits,
hydrometer, moisture density, unconfined compression tests, and resilient modulus tests so that
information and data can be collected to support the Department’s initiative to develop a reliable
method of correlation to estimate resilient modulus. These additional samples should be sent into
the Construction and Materials Division Laboratory for testing. When sending samples please
indicate that they are for the purpose of developing a resilient modulus correlation for the
Department; however, if they are also for project design, please indicate that as well. Where new
pavement will match existing pavement section(s), pavement design is not needed; therefore,
CBR testing is not needed.

Soil samples for CBR testing and pavement cores should be collected at 500- to 1,000-
foot intervals along the proposed alignment depending upon the variability of the subgrade.
Tighter (i.e., 500 feet) spacing should be used where the subgrade soils vary along the alignment,
and wider spacing is appropriate for more uniform subgrades. Ideally, collect CBR samples
within the limits of the travel lanes (i.e., pavement box), and alternate the sampling locations to
both sides of the roadway, particularly for multiple lane and divided highways. For existing
roadway alignments, it will likely be necessary to core through the existing pavement to obtain
the samples. Coring the existing pavement is also beneficial to determine or verify the existing
pavement section. For structure replacement projects where match-in-kind pavement is
anticipated, obtain at least one pavement core. Ensure the pavement core is obtained beyond the
limits of the bridge approach slab. When sampling beneath existing pavement, be sure to
penetrate through all existing subbase material before collecting the CBR sample to avoid
mixing the subbase with the subgrade.

In some cases, it may be necessary to locate the borings for CBR samples outside the
existing travel lanes in order to avoid the need for traffic control; however, this may not be
appropriate because the subgrade materials outside of the travel lanes may be different than the
subgrade under the pavement. Additionally, the subgrade beneath the pavement may have been
modified or stabilized before construction. When consideration is given to collecting CBR soil
samples outside of the existing travel lanes, study available historical information, including
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RMS data, design drawings, and as-built drawings, etc. to determine if subgrade stabilization
was performed. If a determination cannot be made, it is best practice to collect the CBR samples
from beneath the existing pavement section.

Collect soil samples within the top three feet of the proposed subgrade elevation for
pavement sections located at-grade or in soil cut. SPT is not necessary for pavement design
borings. Additionally, in cuts, collect samples of material above the subgrade if this material may
be used to construct roadway embankments. If embankments are to be constructed using known
off-site borrow material, collect and test samples from the proposed borrow source. If the
location(s) of the borrow source(s) is not known, consider adding requirements in the project
special provisions that require the contractor to sample and test proposed material to be used to
construct the upper three feet of embankments. In the special provision, provide the minimum
required CBR value, consistent with the approved pavement design.

Seventy-five (75) pounds of material is needed to perform the CBR test. However, if the

soil sample has material larger than the 3/4 in. sieve, obtain an additional sample so that the
oversize material can be replaced with finer grained material per the test method.
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4.1 INTRODUCTION

This chapter provides minimum requirements, guidelines, recommendations, and
considerations for planning laboratory testing programs. This chapter also provides guidance and
considerations for selecting soil and rock samples for laboratory testing and discusses
requirements for presenting the laboratory test results. A summary of the most commonly used
geotechnical tests is also provided, and detailed recommendations and guidance are provided for
some of the more complex tests.

Proper preparation and execution of a laboratory testing program is a critical and
necessary part of the geotechnical design process. It will provide soil and/or rock properties
needed to perform geotechnical analyses and develop appropriate geotechnical
recommendations. It must be understood that all projects are unique, and like the subsurface
exploration, the laboratory testing program must be carefully analyzed and planned for the
specific needs of the project. Simply using the minimum requirements included in this section is
not adequate for most situations. For other than very simple and highly favorable conditions,
such an approach will likely result in an inadequate design due to insufficient information.

4.1.1 Purpose

A laboratory testing program is performed to supplement visual observations made
during the subsurface exploration. A properly planned and executed laboratory testing program
will more definitively estimate the engineering characteristics of the soil and rock, and help
predict how the soil and rock will behave during construction and the service life of the roadway,
structure, etc. The value of adequate laboratory testing cannot be underestimated or overlooked.
An appropriate level of laboratory testing provides several substantial benefits, especially
relative to the minimal cost of the testing, such as follows:

e Drastically increases the level of knowledge and understanding of subsurface
conditions.

Provides a significantly higher level of confidence in proposed designs.

Reduces the risk of construction problems, delays, claims, and/or failures.
Reduces the risk of potential failures and service interruptions post construction.
Substantially increases the potential quality and longevity of the finished product.
Has the potential to significantly reduce construction and maintenance costs.

The laboratory test results, along with the information obtained from the subsurface
exploration, are needed to select the soil and rock parameters used for geotechnical analyses and
design. Relying solely on field observations/descriptions and Standard Penetration Testing (SPT)
is not sufficient for most projects. Field descriptions of soil and rock samples are only
approximations; therefore, they will not always be accurate. Also, SPT can only be used for
some types of granular soil, and only provides an estimate of density/consistency. SPT does not
directly measure shear strength, can only be used to correlate strength and density from
published information, and is only applicable for particular soil types. Furthermore, engineering
properties such as consolidation and shear strength can only be determined from laboratory
testing, particularly for fine-grained soils.
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The appropriate laboratory testing data provides a higher level of confidence in the soil
and rock parameters used for geotechnical analyses compared to only using field observations.
This confidence better ensures that the geotechnical design recommendations are appropriate and
safe for the proposed construction, while not being overly conservative and unnecessarily costly.
The time and cost to perform laboratory testing during the design phase is significantly less than
the time and cost associated with a problem during or after construction due to a design based on
erroneous soil and/or rock information. Additionally, the use of data from a laboratory test is far
more superior, and will provide much more reliable results, compared to situations where back
analysis is used to determine soil and rock parameters or provide designs instead of laboratory
testing. Back analysis is a tool that has limited applicability, must be used in an appropriate
manner consistent with actual conditions, and is best used (where appropriate) as a supplemental
check to help confirm a design developed using the most suitable level of laboratory testing.

4.1.2 Reasons Laboratory Testing Is Performed

Laboratory testing of soil and rock samples collected during the subsurface exploration is
performed for several reasons. The following sections discuss these reasons in detail.

4.1.2.1 Verification of Field Soil Descriptions

Subsurface exploration (drilling) observation and preparation of Inspector’s Field Logs
must be performed by Certified Drilling Inspectors according to Publication 222, Chapter 3.1.
The preparation of Inspector’s Field Logs requires the Certified Drilling Inspector to visually
describe soil samples obtained from the borings. Although the Certified Drilling Inspector must
be proficient at describing soil samples, it is important to verify some of these field descriptions
with laboratory testing. Laboratory classification testing provides a level of confidence in the
Inspector’s Field Log. When field descriptions generally agree with laboratory classification
testing, field descriptions can typically be used with a high level of confidence. Conversely, if
field descriptions and laboratory classification testing do not agree reasonably well, then there is
reason for concern and results in a low level of confidence in the Inspector’s Field Log. If field
descriptions and laboratory classification test results vary significantly, all samples collected
during the subsurface exploration must be reviewed by the Project Geotechnical Manager (PGM)
who must make revisions as appropriate. Note the distinction between the term’s description
and classification. A soil description is based on visual observations and simple field tests (e.g.,
rolling soil threads, squeezing/crushing dried soil balls with fingers, etc.), whereas a
classification is determined from laboratory testing (e.g., gradation, Atterberg limits, etc.).

Note that it is important to provide the laboratory classification results to the drilling
inspector who prepared the Inspector’s Field Logs. Comparing field descriptions to laboratory
classifications is an excellent way for drilling inspectors to improve their field description
skills/abilities.
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4.1.2.2 Determination of Material Properties

Field descriptions of soil and rock samples provide only a general indication of material
properties. For example, field descriptions can:

e Distinguish moisture content as being dry, damp, moist or wet.

e Roughly estimate the percentage of gravel, sand, and fine-grained (silt and clay)
particles.

e Predict whether a soil sample is non-plastic or has low, medium, or high plastic
fines.

e Roughly estimate soil relative density based on SPT-N60 or consistency based on
pocket penetrometer and Torvane field tests.

e Qualitatively estimate rock hardness and degree of weathering.

Although these general material property descriptions are useful, it is beneficial and necessary to
obtain specific material property values for some of the soil and rock samples. Specific material
property values can only be obtained by laboratory testing. These specific values not only verify
field descriptions, but they help to establish soil parameters and more accurately perform
geotechnical analyses.

4.1.2.3 Estimation of Engineering Properties

Engineering properties of soil (such as consolidation and shear strength) and of rock
(such as unconfined compressive strength) are sometimes needed to perform geotechnical
analyses. Evaluate and assign these properties as accurately as possible because these values will
have a significant impact on the geotechnical recommendations. These properties cannot be
estimated with an appropriate level of confidence without the use of laboratory testing,
particularly when working with fine-grained soils.

4.1.2.4 Comparison with In-Situ Testing

In-situ testing, such as a Cone Penetrometer Test (CPT), vane shear, or pressuremeter
tests, may be performed during the subsurface exploration to estimate engineering properties of
the soil. Although in-situ testing can be a very effective technique to estimate engineering
properties, it must be performed carefully and correctly to obtain representative results.
However, even when in-situ testing is performed correctly, circumstances may exist that yield
erroneous results not representative of the actual conditions. Therefore, if in-situ testing is used
to estimate engineering properties, laboratory testing should typically be performed to compare
the results with the in-situ test results. Note that SPT is an in-situ test; however, this test only
provides an indication of relative density/consistency and does not directly measure density,
strength, etc.

4.1.2.5 Chemical Analysis

Except for field resistivity testing, chemical analyses of soil and bedrock can only be
performed in the laboratory. Soil pH, resistivity, sulfate and chloride testing is typically always
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needed, especially if deep foundations are proposed to support a structure, and should be
considered when there is a potential for deterioration (e.g., corrosion of metals, disintegration of
concrete, etc.) when shallow foundations are proposed. These tests can and should be performed
in the laboratory. Acid-Producing potential of bedrock, and in some cases soil, is needed for
projects where acid-producing materials may be exposed in cuts/excavations. Chemical analyses
of water should also be performed for structures that convey flow from rivers, streams, creeks,
etc.

4.1.2.6 Selecting Resistance/Safety Factors

Laboratory shear strength testing of soil may influence the geotechnical resistance/safety
factors used for design. For example, the resistance factor used for spread footing foundations
bearing on soil is dependent upon whether the soil shear strength parameters used in the analyses
are based on laboratory test data or presumptive/assumed values. If laboratory shear strength test
data are used, a higher resistance factor is allowed compared to the resistance factor used with
presumptive/assumed shear strength parameters. Similarly, when slope stability analyses are
performed, shear strength parameters based on laboratory test results typically allow for a lower
safety factor compared to when presumptive strength values are used. Consequently, higher
resistance factors and lower safety factors associated with laboratory testing often result in more
economical designs compared to when laboratory testing is not completed. Refer to the
appropriate sections of this publication, or DM-4, as appropriate, for additional guidance.

42 DEVELOPMENT OF A LABORATORY PROGRAM

Before planning the laboratory testing program, several tasks discussed in Chapter 2 of
this publication must be completed. These include review of plans, profiles and cross-sections,
review of available geotechnical data, and field reconnaissance. As also previously discussed, the
proposed laboratory testing program must be documented in the “Subsurface Exploration
Planning Submission”. Requirements for this report are included in Chapter 1 of this publication.
This report must be reviewed and approved by the District Geotechnical Engineer (DGE) before
performing the laboratory testing, and any modifications to the originally approved laboratory
testing program because of findings from the subsurface investigation must be approved by the
DGE before testing.

Exact laboratory testing requirements cannot be specified in this publication due to the
multiple variables associated with a project, including size of project, complexity of project,
design elements (e.g., roadway, pavement, structure, etc.), type(s) of strata, thickness of strata,
consistency of strata, and others. Some basic requirements are provided herein, along with
guidelines and considerations that should be helpful for developing a laboratory testing program
tailored to the specific project.

Laboratory testing is required when borings are performed for a project during the
Preliminary and Final Design Phases unless otherwise approved by the DGE. At a minimum,
moisture content and classification tests (i.e., gradation and liquid/plastic indices) must be
performed to verify field descriptions. The number of tests performed and the need to perform
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other type(s) of tests will be dependent upon the size of the project, the proposed construction,
and the complexity of the subsurface conditions.

If borings are performed during the Alternatives Analysis Phase of a project, a very
limited laboratory testing program will most likely be enough. The Alternatives Analysis Phase
laboratory test program should include a limited number of laboratory classification tests. Other
testing (e.g., corrosion, rock strength, acid-base accounting, etc.) should be performed if it will
be helpful to evaluate the proposed alignment alternatives. Laboratory testing during the
Preliminary and Final Design Phases will be more comprehensive to help perform geotechnical
analyses and provide recommendations.

The laboratory testing program must be developed at the same time the subsurface
exploration program is developed. Similar to the subsurface exploration program, the laboratory
testing program is developed using available information, which at a minimum should include
plans, profiles, and sections of proposed construction, published soils and geologic information,
and field reconnaissance observations. The proposed laboratory testing program must be
presented in the “Subsurface Exploration Planning Submission”. Indicate the type(s) and
numbers of test proposed and discuss the purpose and benefit of each type of test.

Keep in mind that, in many cases, the proposed laboratory testing program presented in
the “Subsurface Exploration Planning Submission” will be developed with no to minimal site-
specific subsurface information. Therefore, once the test borings are drilled, the proposed
laboratory testing program may have to be modified if the actual subsurface conditions vary from
those that were anticipated. Any changes to the originally proposed laboratory testing program
must be discussed and approved by the DGE.

Another reason the laboratory testing program must be developed with the subsurface
exploration program is to ensure that the appropriate number and type(s) of samples are collected
during the subsurface exploration. For example, if CBR and/or moisture density relation testing
is proposed, collection of bulk samples must be included in the subsurface exploration program.
If consolidation or shear strength testing is proposed, collection of undisturbed samples (i.e.,
shelby tubes) must be included in the subsurface exploration program.

4.3  GUIDELINES FOR SELECTING LABORATORY TESTS AND SOIL AND
ROCK SAMPLES

As discussed above, the laboratory testing program is initially developed during the
planning of the subsurface exploration program, and then modified as needed based on the actual
subsurface conditions encountered by the subsurface exploration (i.e., test borings and test pits).
Below are some guidelines and considerations that can be used to develop the initial laboratory
testing program, to modify the program as needed once the site-specific subsurface conditions
are determined, and to select the appropriate soil and rock samples for laboratory testing.

1. Plot the boring information on the roadway profile, structure elevation view, etc.

to help understand soil/rock stratification. In addition to field descriptions, look
for similarities in color and density/consistency to help group possible stratum
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that have slightly different field descriptions. Include on the subsurface profile the
proposed roadway grade and/or bottom of structure footing elevations to
approximate their relationship to the soil/rock strata. Preferably these profiles
should be developed by the drilling inspector or office personnel as borings are
completed so samples for laboratory testing can be selected by the PGM and
retrieved as quickly as possible.

2. Consider the proposed construction and the anticipated geotechnical analyses and
recommendations that will be needed. Perform testing needed to appropriately
select the soil and rock parameters needed for the geotechnical analyses that are
anticipated to be performed.

3. Test soil samples from the various strata to adequately verify field descriptions
and identify necessary soil index and engineering properties. When approximately
four or fewer split-barrel samples are collected in a stratum, combine all the
samples to perform laboratory testing. The combining of soil samples will often
make it easier to update the Final Engineer’s Log with the results compared to just
testing a few of the samples. Additionally, since there will be some variation
among individual samples obtained from a stratum, it is best practice to combine
as many samples as possible/practical for laboratory testing to attain
representative results for the stratum.

4. For structure foundations, concentrate laboratory testing on soil stratum/samples
that are significant to the geotechnical design. For proposed spread footings
bearing on soil, concentrate the soil testing within the zone of influence of footing
stresses, which is approximately two times the footing width beneath the footing.
Shear strength testing should almost always be performed when spread footings
on soil are proposed. For spread footings bearing on bedrock and end/point
bearing piles driven to bedrock, soil testing will typically not be critical, although
classification testing to verify field descriptions is still necessary, and corrosion
testing will be needed in most cases when deep foundations are proposed. For
proposed friction piles, laboratory testing including, at a minimum, classification
and shear strength, is critical. If temporary shoring is anticipated, ensure enough
soil classification and/or rock compressive strength tests are performed for
selection of temporary shoring parameters. In some cases, soil shear strength
testing may also be appropriate for selection of temporary shoring parameters.

5. For roadway design, concentrate laboratory testing on soil stratum/samples that
are significant to the geotechnical design. Test pavement subgrade soils, soils
within the zone of influence of embankment stresses, soils in proposed cut slopes,
and soils that will be excavated and reused to construct embankments. Minimal
testing to no testing is typically required on excavated material that will be wasted
off site. An exception to this would be if wasted material needs to be tested for
acid-producing potential.
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6.

10.

11.

Minimal testing to no testing should typically be performed on samples collected
within a few feet of ground surface or at depths beyond the influence of
embankment or footing stresses. Structure footings are typically placed several
feet below ground surface for frost protection, and soils within a few feet of
ground surface are usually stripped/removed or compacted before embankment
placement; therefore, these soils are typically not critical to the geotechnical
design.

More testing is typically required on fine-grained soils compared to coarse-
grained soil. Coarse-grained samples are generally more accurately described in
the field, and their behavior is more predictable than fine-grained soil. Fine-
grained soils are often less favorable for construction compared to coarse grain
soils; therefore, it is important to have a good understanding of the gradation and
plasticity of fine-grained strata. Additionally, shear strength and consolidation
testing of fine-grained soils are often needed to estimate these engineering
properties since presumptive values are very unreliable.

Projects with horizontal/uniform subsurface profiles will typically require less
laboratory testing compared to non-uniform profiles.

Shear strength testing should typically be performed when spread footings bearing
on soil or friction piles are proposed, and when slope stability is a concern.

Consolidation testing should be performed when embankments are proposed to be
placed on fine-grained, compressible soil, and the compressible stratum is within
the stress influence of the embankment. It should also be performed when pile
downdrag is a concern. Typically, soil must be saturated (i.e., below groundwater)
and very soft to stiff consistency (i.e., N-value less than or equal to 15 blows per
foot) to be prone to significant consolidation settlement.

The number of tests, particularly shear strength and consolidation, performed for
a project will be dependent upon project specific conditions. Performing just one
of these tests can be problematic because the validity of the results cannot be
compared to other test results. If two tests are performed, and the results vary
significantly, it may be difficult to determine which result is representative. Three
or more tests are useful for comparison of test results and selection of design
parameters; however, this number of tests may not be appropriate for all projects.
For example, on small, less complex projects, performing just one test may be
appropriate. Consider a single span bridge replacement project where the
subsurface conditions are uniform, and shear strength testing is performed on
remolded granular soil for spread footing design. One shear strength test may be
appropriate because the test result can be compared to internal angle of friction
correlations with SPT to determine the reasonableness of the test results.
Conversely, for a new, multi-span bridge where spread footings and friction piles
are being considered, three or more shear strength tests would more likely be
appropriate.
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12. California Bearing Ratio (CBR) and moisture-density testing should be performed
when pavement design is required, and the pavement subgrade material is known
(i.e., in-situ subgrade or embankments constructed with on-site excavated soils).
CBR testing is not appropriate for projects where the pavement subgrade material
IS not known, such as a project with embankments constructed from an unknown
borrow source. CBR testing is also not necessary for projects where the proposed
pavement section is selected based on matching the existing pavement section.

13. Unconfined compressive strength testing of rock should be performed for
foundations bearing on bedrock, including spread footings, drilled shafts, and
micropiles. Unconfined compressive strength testing of rock should also be
performed for linear type retaining walls socketed into bedrock and when rock
anchors are proposed. This testing should also be considered for proposed rock
cuts to help evaluate rock excavation.

14. Slake Durability testing should be considered for shallow and deep foundations
founded on, and rock cuts or excavations within, claystone, shale and similar
weak rocks to estimate qualitatively the durability of weak, non-durable rocks.

15. Acid-Base Accounting testing should be performed on rock and/or soil that are
located within formations known to contain acid-producing soil/rock, and on
samples identified in the field that show signs of acid-producing minerals.

44  DISTURBED, UNDISTURBED, AND REMOLDED SOIL SAMPLES

Laboratory testing can be performed using disturbed and undisturbed soil samples
collected from the subsurface exploration. Additionally, for tests that require the soil sample to
be a specific size/shape for the testing apparatus, samples remolded from disturbed samples can
be used, if appropriate. Determining which type of sample to use for various tests will depend on
numerous factors, including test to be performed, soil type, field/construction condition being
modeled by the test, and types of samples collected during the subsurface exploration.

4.4.1 Disturbed Soil Samples

Disturbed soil samples, which include samples collected from a split-barrel sampler,
augers, and test pits, are best suited for laboratory index tests. Index tests include natural water
content, gradation, liquid and plastic limits, and others, which are listed in Section 4.8.4.
Disturbed soil samples are more economical to collect compared to undisturbed samples;
therefore, they should generally be used for tests that do not require an undisturbed sample.
Additionally, SPT’s performed while collecting split-barrel samples provide an indication of
density/consistency, and this complementary information is not obtained while collecting
undisturbed samples. Disturbed soil samples cannot be used for consolidation testing and should
only be used for shear strength testing under the proper circumstances (see discussion below on
remolded samples).
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4.4.2 Undisturbed Soil Samples

Undisturbed soil samples are required when conducting performance tests (e.g.,
consolidation tests, shear strength and permeability tests, etc.). Undisturbed samples should be
used anytime the goal of the testing is to simulate the in-situ or natural, in-place soil conditions.
Undisturbed samples can be used to test soil index properties; however, unless these index tests
are performed in conjunction with performance tests, disturbed samples should generally be used
because it is more economical.

Undisturbed samples are typically collected with a Shelby tube sampler. Shelby tube
samplers can generally be used in fine-grained soils that are very soft to stiff (i.e., SPT N-values
less than 15 blows per foot). If soil conditions do not allow sample collection with a Shelby tube
sampler (e.g., stiff/dense, high gravel content, etc.), relatively undisturbed samples can be
obtained with either a Pitcher or Denison tube sampler. A detailed discussion of these various
tube samplers is included in Chapter 3 of this publication.

When undisturbed samples are collected, it is best practice to obtain samples in addition
to what is believed to be needed for testing. The quality of undisturbed samples cannot be
determined until the sample is extruded in the laboratory, so additional samples should be
available in case sample quality is found to be poor upon extrusion. Also, if test results appear to
be erroneous or suspect, additional samples should be on hand so more testing can be performed.

4.4.3 Remolded Soil Samples

Some geotechnical tests, including shear strength and permeability, require the soil
sample be a specific size/shape for the testing apparatus (i.e., direct shear box, triaxial or
permeameter cell). Undisturbed soil samples from tube samplers are typically ideal for these tests
when modeling existing conditions. However, when it is not possible to collect undisturbed
samples, samples remolded from disturbed soil samples can be used. When modeling conditions
where soils are intended to be disturbed, remolded and compacted, only remolded samples (not
undisturbed samples) should be used for testing.

The remolding process cannot necessarily simulate the in-situ (undisturbed) soil
condition (i.e., density/consistency and soil structure), particularly for fine-grained soils. In such
cases, test results must be evaluated thoroughly by the design engineer to ensure the results
obtained are consistent with the materials and site/project conditions. When appropriate, values
can be compared to test results from published literature (of the same materials that were
prepared and tested in a manner modeling the same conditions) to aid in assessing the validity of
the results before use in analyses or design. For example, residual soils may contain relic rock
structure that increases the shear strength of the in-situ soil, and this relic rock structure cannot
be duplicated with a remolded sample. Alternatively, glacial deposits may contain varves, or
annual sediment layers that reduce the shear strength of the in-situ soil and cannot be duplicated
with a remolded sample.

Laboratory test samples remolded from disturbed samples are appropriate for shear
strength testing of granular soil. Granular soil can generally be remolded to closely simulate in-
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situ conditions. Additionally, it is typically not possible to obtain undisturbed samples of
granular soil due to lack of cohesion. Samples remolded from disturbed samples are also
appropriate for shear strength testing of soil that will be placed and compacted during
construction (e.g., embankment fill, select fill, etc.). Since relic structure, varves, etc. will not
exist in the compacted fill, the remolded laboratory samples will most likely be representative of
the field conditions.

4.5 LABORATORY TESTING PRECAUTIONS

Precautions must be taken when performing laboratory testing to help ensure that the test
results are representative of the in-situ conditions. These precautions must be taken in the field
while collecting, packaging, and transporting the samples, and in the laboratory while storing,
handling and testing the samples.

45.1 Collecting Samples

The correct tools (e.g., split-barrel sampler, Shelby tube, core barrel, etc.) and sampling
procedures, as indicated throughout Publication 222, Subchapter 5E, must be used when
collecting both disturbed and undisturbed soil and rock samples. The drilling inspector must
verify the depths at which the samples are being collected. Sampling depth can easily be
determined by measuring the length of drill tools/rods placed in the boring and subtracting the
length of drill rod “stick up” above ground surface. Additionally, it is critical that the boring is
cleaned and free of disturbed material before sampling to ensure that the sample collected is
representative of the material at the reported depth.

4.5.2 Sample Volume and Number of Samples

Ensure that an adequate volume or numbers of samples are collected during the
subsurface exploration, particularly undisturbed and bulk soil samples, such that both the needs
for core box record and all potential laboratory testing are satisfied. Relative to undisturbed
samples, multiple sample increments should be collected beyond those that are anticipated to be
needed for testing. When extruded in the laboratory, undisturbed samples may be found to be
damaged or inadequate for testing, so obtaining additional samples may be needed for testing.
Also, sometimes laboratory test results appear erroneous or may not be as expected. In these
cases, additional samples and testing will be needed. The cost of obtaining additional samples
during the subsurface exploration is significantly less than the cost of remobilizing drilling
equipment to obtain additional samples, or the potential costs and problems associated with
performing design without adequate information.

4.5.3 Packaging Samples

Packaging soil and rock samples properly is very important in ensuring representative
laboratory test results. Procedures indicated in Publication 222, Section 214 must be followed.
All samples must be clearly and accurately labeled to ensure the proper samples are tested.
Disturbed soil samples must be kept in sealed jars to retain the natural moisture content. Ensure
that the jar top and lid are clean to provide a good seal, and do not overfill jars. When bulk soil
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samples are collected, place a representative sample in a sealed jar within the bag for moisture
content testing. Shelby tubes and other undisturbed soil samples must be properly capped, sealed
with wax and taped to help secure the sample within the tube and retain the natural moisture
content. Undisturbed soil samples must also be carefully transported, as indicated in

Section 4.5.4.

Depending upon the type of rock, core samples may have to be “specially” packaged.
Fine-grained rocks, like claystone, mudstone, shale, siltstone, etc. should be wrapped in moist
paper towels and plastic wrap to retain the natural moisture and prevent deterioration before
laboratory testing. Rock samples should be transported with care to prevent breakage, and bubble
wrap or other cushioning material should be considered for protection. Once the rock core is
removed from the boring, the natural confining stress is removed, and the core may break along
weakly cemented joints. Wrapping the core in moist towels, plastic wrap, bubble wrap, tape, etc.
can help to prevent this breakage before laboratory testing.

4.5.4 Storing Samples

Storing samples properly is also important to obtain quality laboratory test results. Soil
and rock core samples should be stored in a location to prevent freezing or exposure to extreme
heat. If jar samples freeze, the jars may break, which will affect the natural moisture content and
may “contaminate” the soil and prevent testing. Similarly, if rock core samples freeze, moisture
within the sample may cause the core to break. Undisturbed soil samples are extremely sensitive
and must also be transported and stored in an upright position (i.e., same orientation as in the
ground), ideally in a Shelby tube box, and protected from vibration, dropping, rolling, etc. The
drilling inspector should take possession of undisturbed samples immediately after the driller has
preserved the sample and deliver to the laboratory as soon as possible. Undisturbed samples must
not be stored in a vehicle. Alternatively, temporarily store these samples in a secure location on
site or off site (e.g., office, home, hotel/motel room, etc.).

There is no exact time limit for how long samples can be successfully stored prior
laboratory testing. The acceptable length of storage time will be dependent upon sample type, the
testing to be performed, and how the sample is preserved/stored. Samples should be tested as
soon as practically possible, and in particular, undisturbed samples, samples that are tested for
natural moisture content, and “weak” rock samples. Soil and rock samples to be laboratory tested
should be selected while the borings are being performed or immediately after they are drilled,
and promptly delivered to the laboratory for testing.

The Publication FHWA-NHI-01-031, “Subsurface Investigations — Geotechnical Site
Characterization” does not recommend long term storage of soil samples in Shelby tubes. Soil
can cause the tubes to corrode, which leads to adhesion of the soil to the tube. This adhesion can
make it difficult to extrude the sample, and microscopic failures in the soil can develop during
extrusion. If undisturbed testing is performed on these samples, the results may be erroneous.
This FHWA publication also indicates that research has shown that undisturbed samples stored
more than 15 days can experience significant changes in strength characteristics and result in
unreliable test results.
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45.5 Visually Review Samples before Testing

Avoid preparing laboratory test work orders/requests based solely on the boring logs. The
PGM should visually inspect the samples selected for laboratory testing before laboratory testing
to ensure that field descriptions appear accurate and revisions to the laboratory test work
order/request are not needed. This should prevent unnecessary testing and ensure that the testing
needed for the geotechnical design is performed in a timely manner. If laboratory testing is being
done off-site, and the PGM cannot visually inspect the samples, the PGM should discuss the
testing with the laboratory testing manager to verify that the laboratory work order/request
appears reasonable. Additionally, when testing is performed on a soil sample from a Shelby tube,
the PGM should inspect the sample after extrusion to direct the laboratory on which part(s) of the
sample to use for testing. If testing is being performed off-site, digital photographs of the
extruded sample can be used by the PGM to direct the laboratory testing.

4.5.6 Selecting Samples from Shelby Tubes

As previously discussed in Chapter 3, Shelby tubes are the most common method in
Pennsylvania to obtain undisturbed soil samples to preserve the in-situ nature of the soil to the
best extent possible and to estimate in-situ soil properties. When testing samples extruded from
Shelby tubes, be sure to select representative portions of the sample for testing. Sometimes the
material recovered in the tube will not be consistent throughout the full length of the recovered
sample, and often the tendency is to select the “worst” (e.g., softest, weakest, etc.) portion of the
tube for testing. This approach is reasonable if the portion of the sample selected is
representative of most of the tube. It is not reasonable/appropriate to test a portion of the sample
that is unrepresentative of most of the tube and apply the test results to an entire soil stratum.
Doing this can result in overly conservative and costly design recommendations. If it is believed
that the localized “worst” portion of the tube is critical to the design (for instance, if it represents
the failure plane of a landslide), consult with the DGE to determine if additional testing is
necessary.

46  VERIFICATION OF LABORATORY TEST RESULTS

It is critical that the PGM review the laboratory test results immediately as they become
available to ensure that they are consistent with expectations. If the results are not consistent with
expectations, if they vary significantly between what are believed to be similar materials, or if
the results appear not to be representative due to sample disturbance, laboratory error, etc., the
PGM must determine if additional testing is required. This determination must be made quickly
so that additional samples can be selected for testing, and the testing can be performed without
adversely impacting the design schedule. If additional laboratory budget is needed to perform the
testing, the PGM must have approval from the DGE before performing the testing. Ideally,
sufficient samples, and in particular, undisturbed and bulk samples, should be collected during
the subsurface exploration to allow “unforeseen”, additional testing. If additional drilling is
needed to obtain the necessary samples for testing, the DGE must also approve of this work
before it is performed.
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4.6.1 Example Projects

As previously indicated, exact testing requirements cannot be specified in this publication
due to the multiple variables of a project. Keeping this in mind, below are examples of typical
Department roadway and bridge construction projects, and what a laboratory test program may
consist of based on the conditions indicated.

Example 1

Box culvert replacement with no roadway widening or vertical profile change: box
culvert is 75 feet long, new box is approximately same size as existing, wing walls are 15 feet
long and new pavement will match existing. Assume three borings were drilled (one at inlet, one
near mid length and one at outlet) and one pavement core.

Subsurface conditions: Subsurface conditions will generally have little impact on this
design/construction since it is a replacement with no profile increase or widening (i.e., no to
minimal increase in load on the foundation). A relatively simple laboratory testing program is
appropriate and may include:

e Four each — natural water content, sieve/gradation and liquid and plastic limits
(i.e., classification)

e One soil corrosion series (pH, resistivity, sulfate and chloride)

e One water corrosion series (pH, conductivity/resistivity, sulfate and chloride)

Note: Shear strength testing typically is not needed for box culverts since bearing
resistance rarely controls the design. Consolidation testing of saturated, cohesive soil may be
needed if the culvert increases the load on the foundation, such as, if the culvert is constructed
for a new roadway alignment or a roadway widening, or if the profile grade of an existing
roadway is being raised considerably.

Example 2

Two-span bridge replacement with minor approach embankment widening: bridge spans
a roadway (pier in the median); existing foundations are unknown; 50 feet of minor approach
embankment widening on each side of the bridge; 15-foot high approach embankments; 5-foot
(max.) widening on each side of embankment; and new pavement to match existing pavement
section. Assume eight borings were drilled (two borings for each substructure and one boring on
each side of bridge at toe of existing fill in proposed embankment widening area) and two
pavement cores were obtained.

Subsurface conditions: Assume borings indicate relatively uniform conditions across the
site, including shallow bedrock (less than 10 feet below median grade), loose to medium dense
granular overburden soil, and medium to very stiff sandy and gravelly clay embankments.
Proposed foundations include abutments (stub or integral) on H-piles and pier spread footing
bearing on bedrock.

4-13



PUB. 293, Chapter 4 — Laboratory Testing April 2025

Since the subsurface conditions are generally uniform and consist of granular soil, and
the foundations are not complex, a relatively simple laboratory testing program is appropriate
and may include:

e Eight each - natural water content, sieve/gradation and liquid and plastic limits
(i.e., classification)

e Two soil corrosion series (pH, resistivity, sulfate and chloride) from abutment
borings

e Five bedrock unconfined compressive strength tests from pier borings, or 20-point
load breaks if unconfined compressive strength tests cannot be performed

Testing justification: Water content tests should generally be performed to compliment
other testing. The eight classification tests should be adequate to verify field descriptions. Soil
corrosion test results will be used for abutment pile design, and bedrock strength testing will be
used for pier foundation design. Since soils are granular and foundations do not attain axial
resistance from the soil, soil strength testing is not needed. Additionally, embankment height and
widening are minimal, so stability analysis is not needed.

Example 3

Same bridge project as Example 2 above except subsurface conditions consist of thick
(50 feet or more), predominantly granular overburden overlying bedrock. Proposed foundations
alternatives include abutments (stub or integral) on friction or end/point bearing piles, and pier
on spread footing on soil or piles (friction or end/point bearing).

Compared to Example 2 above, the subsurface is slightly more complex since bedrock is
deep, and the foundations are more complex since friction piles and a spread footing on soil are
being considered. Consequently, more laboratory testing will be required, and it may include:

e Twelve each - natural water content, sieve/gradation and liquid and plastic limits
(i.e., classification)

e Two soil corrosion series (pH, resistivity, sulfate and chloride)

e Three shear strength tests (direct shear or triaxial shear)

Testing justification: Water content tests should generally be performed to compliment
other testing. The twelve classification tests should be adequate to verify field descriptions. Soil
corrosion test results will be used for pile design. Shear strength testing of soil is needed since
friction piles and a spread footing on soil are being considered.

Notes:

1. If soft, saturated cohesive soil is present, consolidation testing is most likely not
needed since minimal increased load will be placed on the soil since this is a bridge
replacement project with minimal embankment widening. The presence of this soil in
the subsurface will most likely require point/end bearing piles driven to bedrock
instead of friction piles or spread footings. Consequently, shear strength testing will
not be needed.
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2. If bridge spans a waterway (e.g., stream, creek, river, etc.), water corrosion testing
(i.e., pH, conductivity/resistivity, sulfate and chloride) is needed.

Example 4

Two-span bridge replacement/realignment: bridge replaces an existing structure, but on a
new alignment; bridge spans a roadway (pier in the median); existing foundations are unknown;
200 feet of approach embankment realignment on each side of the bridge; 15-foot high approach
embankments; and new pavement to match existing pavement section. Assume eight borings
were drilled (two borings for each substructure and one boring on each side of bridge beneath the
proposed approach embankment) and two pavement cores were obtained.

Testing for this scenario would be similar to that discussed in Example 3 above.
However, due to the realigned embankments, consolidation testing would most likely be required
if soft, saturated cohesive soil is present since these areas were not previously loaded by
embankment.

4.7 PRESENTATION OF LABORATORY TEST RESULTS

It is important that laboratory test results are presented and documented adequately and
consistently in boring logs, reports, plans, profiles, cross-sections and contract documents.
Proper presentation and documentation provides a permanent record of the laboratory testing,
allows the designer and reviewer(s) to better understand the laboratory test results and how they
influence geotechnical analyses and recommendations, and gives contractors additional soil/rock
information for consideration during bidding/planning of work.

The following are requirements for the presentation/documentation of laboratory test
results in various documents. The requirements must be followed unless directed otherwise by
the DGE.

4.7.1 Final Engineer’s Log

Laboratory AASHTO and USCS classification symbols must be shown on the Final
Engineer’s Log. As indicated in Publication 222, Chapter 3.6.3, field estimated USCS and
AASHTO symbols are denoted on the boring log with lower case letters. When laboratory
classification testing is performed, the Final Engineer’s Log must indicate which strata were
tested by using upper case letters for these symbols.

4.7.1.1 Overview of Final Engineer’s Log

One of the main goals of the Final Engineer’s Log is to identify the strata (i.e., soil and
rock layers) beneath a project site, and it is important to keep in mind that within each stratum of
soil and rock there will typically be some degree of variation. For example, a soil stratum may be
comprised primarily of lean clay with sand and gravel. The amount/percentage of clay, sand and
gravel in each split-barrel sample obtained from this stratum will vary, but this does not mean
each individual sample is its own unique stratum. Similarly, the color of the individual split-
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barrel samples may have some variation, and the plasticity of the samples will vary somewhat,
but again this does not mean each sample is its own unique stratum. Therefore, although detailed
information should be presented on the Final Engineer’s Log, do not lose sight of the overall
goal and purpose of the log. A Final Engineer’s Log that denotes numerous, thin soil strata that
have only slight variations is not the intent of the log, is typically not useful, and often creates
unnecessary work due to the complexity of the log.

Unlike previous versions of the Final Engineer’s Log, the current log does not include an
entry for a field AASHTO and USCS symbol for each split-barrel soil sample that is collected in
a boring. Instead, these symbols are only shown for each soil stratum identified/described, and
each soil stratum will typically include two or more split-barrel samples. Additionally, the
method to describe soil in Publication 222, Chapter 3.6.3 for field descriptions is adapted from
the Burmister Soil Description System and it is not related to the AASHTO or USCS
classification system. Therefore, multiple AASHTO and USCS symbols can apply to the same
field description. For example, a soil stratum field described as CLAY and SILT, would most
likely include AASHTO symbols A-6 and A-7-6, but could also include A-4, A-5 and A-7-5.
Similarly, the USCS symbol associated with this field description would most likely be CL, but
it could also include ML. Therefore, when preparing the Inspector’s Field Log, keep in mind that
it is expected/acceptable to have some variation in the soil within each stratum, and this can
include variation in the AASHTO and/or USCS symbols. Furthermore, when field and laboratory
AASHTO and USCS classification symbols do not agree, it is not acceptable to simply add a
stratum to the log for the samples that were tested and keep the stratum that was described in the
field for the samples that were not tested. It is the PGM’s responsibility to review all the field
and laboratory information and decide how to appropriately incorporate the laboratory
information on the Final Engineer’s Log. Several examples of updating a boring log with
laboratory test results are provided below.

4.7.1.2 Incorporating Laboratory Classifications onto the Final Engineer’s Log

As discussed above, laboratory AASHTO and USCS symbols must be shown on the
Final Engineer’s Log in capital letters. A laboratory classification is more precise than a field
description, and in order to clearly present the subsurface conditions, the field description on the
Final Engineer’s Log must at least closely resemble the laboratory classification. If they do not
closely resemble one another, the PGM must investigate the discrepancy and make revisions as
appropriate. There are several scenarios that may occur with respect to the Final Engineer’s Log
and laboratory classification test results. Some of these examples and guidelines for handling
them are discussed below, and a brief discussion is also included in Publication 222,
Chapter 3.6.2 under the fifth bullet.

Example 1

Assume four consecutive split-barrel samples are collected from a test boring, the samples are
similar, and this stratum is field described as F SAND and CLAY, some silt (a-6/sc). This field
description would indicate that there could be approximately equal amounts of fine SAND and
CLAY since the descriptor “and” (i.e., content > 35% according to Publication 222,

Chapter 3.6.3.1) was used. These are the only four samples collected from this stratum, the
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samples are combined to perform one laboratory classification test, and the test indicates that the
combined samples classify as they were described in the field (approximately equal amounts of
sand and clay). Since the field and laboratory symbols are the same, change the lower case
AASHTO and USCS letters to capital letters, and where applicable add the group number, on the
Final Engineer’s Log (i.c., A-6(8)/SC). Note that gINT will automatically update the AASHTO
and USCS symbols on the Final Engineer’s Log once the laboratory test results are entered into
gINT. Also, note that the field description may need to be changed depending upon the relative
amounts of the various constituents.

Example 2

Assume the same situation as above, except the USCS laboratory classification is CL
instead of SC. Similar to above, the AASHTO and USCS symbols from the laboratory test
results (i.e., A-6(8)/CL) must be shown on the Final Engineer’s Log in capital letters. Since the
laboratory gradation analysis indicates there is considerably more clay than sand, the field
description must be changed to be consistent with the laboratory classification (i.e., CLAY, some
fine Sand, some Silt).

Example 3

Assume eight consecutive split-barrel samples are collected from a test boring, the
samples are similar, and this stratum is field described as CLAY, little SAND (a-7-6/ch). The
middle four of the eight samples are combined to perform one laboratory classification test, and
the test indicates that the combined samples classify as A-6/CL. The laboratory test results must
be reviewed to determine how to appropriately modify the Final Engineer’s log. A change in the
field/visual description on the Final Engineer’s Log may be required. If the field description is
inconsistent with the laboratory classification, then the description on the Final Engineer’s Log
must be modified to be consistent with the laboratory classification. Furthermore, if the
field/visual description for adjacent materials that were not laboratory classified is the same as
the laboratory classified material, then the field/visual description of the non-laboratory
classified material must be changed to a field/visual description (i.e., lower case letters)
consistent with the laboratory classified material. No change is required if the field/visual
description for adjacent differs from the field/visual description of the laboratory classified
materials such that the original classifications of the adjacent materials are more representative
of the field/visual description.

4.7.2 Geotechnical Engineering Reports

Laboratory test results must be thoroughly documented in all geotechnical engineering
submissions/reports as indicated in Chapter 1.

4.7.3 Soil Profile for Roadway Plans

Laboratory test results must be graphically presented on the roadway profile according to
DM-3, Chapter 5.
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4.7.4 Drafted Structure Borings

As indicated in DM-4 Section 1.9.3, the information on the Final Engineer’s Log must be
presented on the drafted structure borings accompanying the bridge/structure plans. Publication
222 requires the use of Bentley gINT® Software and the Department’s gINT Library to produce
the Final Engineer’s Logs. Use gINT Software in conjunction with the structure boring and
laboratory test summary report formats available in the Department’s gINT Library to prepare
structure borings. Include soil and rock core laboratory test result tables on the structure borings.

48 GEOTECHNICAL SOIL, ROCK, AND WATER LABORATORY TESTS

The following sections provide information and guidance for various geotechnical soil,
rock, and water laboratory tests.

4.8.1 AASHTO Materials Reference Laboratory (AMRL)

Laboratory testing must be performed by an AASHTO Materials Reference Laboratory
(AMRL) accredited laboratory. It should be noted that AMRL certifies/assesses laboratories for
specific tests, not the laboratory in its entirety. Therefore, when selecting a laboratory for testing
services, ensure that the laboratory is accredited for each individual test that is proposed. Note
that most geotechnical related laboratory tests are accredited by AMRL, but not all tests. In cases
where AMRL does not certify a specific test proposed, any reputable laboratory may be used to
perform these tests. A summary of geotechnical laboratory tests is included in Section 4.8.4, and
the summary indicates whether each test is accredited by AMRL. A listing of laboratories with
their respective accredited test methods, and other information about AMRL can be found on the
AMRL website. The AMRL program has recently been renamed. It is now referred to as
AASHTO resource.

AASHTO assessments are performed in 2 ways. For selected tests (i.e., classification,
compaction, and California Bearing Ratio (CBR) tests), laboratories conduct tests on prepared
samples provided by AASHTO and the results are evaluated. This is referred to as the
Proficiency Sample Program (PSP). For more complex tests, such as consolidation and strength,
an auditor observes the lab technician for all or portions of the test, often concurrent with an
unofficial oral examination. The PSP program provides testing data from about 3,000 testing
laboratories on samples prepared by AASHTO to be of uniform composition. Conclusions can be
made based on the overall results of the PSP process. The following table presents the
Coefficient of variation (CV) of PSP data sets for tests included in the PSP process. Coefficient
of variation is the ratio of the standard deviation to the mean. In other words, it is the variation of
a data set with respect to its mean. The purpose of Table 4.8.1-1 is to provide an indication of the
variability and repeatability of various soil laboratory tests. For example, the maximum dry
density and optimum moisture content for moisture density testing show very low standard
deviations and coefficients of variation. When looking at Sample 169 for max dry density, we
see a standard deviation of 1.5 for a maximum dry density average of 124.5 Ib/ft2. In this case,
the standard deviation is only 1.2% of the maximum dry density value. However, when looking
at CBR, it is observed that the standard deviations and coefficient of variations are very high.
When looking at Sample 169 for CBR, we see a standard deviation of 5.4 for a CBR average of
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11.1. In other words, the standard deviation is 49% of the average CBR value. Clearly CBR
testing does not provide the consistency or repeatability of moisture density testing. This is the
way that Table 4.8.1-1 can be used to assess the repeatability of lab test data for parameter
selection. As shown below, CBR test results and hydrometer test results for clay sized particles
exhibit the highest variability in results.

Table 4.8.1-1 — AASHTO Proficiency Sample Program (PSP) for Laboratory Soil Tests*
with Data Variability

Coefficient
Equivalent | Classification | Total Standard of
AASHTO ASTM AASHTO No. Deviation, | Variation,
Test Designation | Designation | Sample No. | Labs | Units | Average S CV (%)

Particle Size Analysis of Soils by Hydrometer

169 65.28 3.09 4.7

Total materia 170 1209 68.71 3.04 4.4

otal materia 171 74.73 2.03 2.7

passing ihe No. 40 172 teto 7398 | 197 2.7

173 72.09 2.27 3.1

174 1256 67.50 2.53 3.7

169 53.08 2.94 55

Total materia 170 1215 57.58 2.96 5.1

otal materia 171 52.55 1.49 2.8

o hd e No- 172 120 51.04 | 135 26

17 48.17 2.1 4.4

17131 1262 4?1.53 2.22 5.1

| o 8 oo | 4z | o

sr;rgltlaelrr;:]iatr?r(l)%z T8 D422 (o 1132 | percent |— 48 —C o

173 39.10 3.74 9.6

174 1176 36.50 3.69 10.1

169 21.73 3.34 154

e e w

;mn?ller than 0.002 172 1129 29 88 3.36 147

A

R ———

Total material 171 15.56 3.15 20.2

smallerr;h:]n 0.001 172 1122 1583 318 201

173 8.79 2.83 32.2

174 1163 8.29 2.78 33.5

4-19




PUB. 293, Chapter 4 — Laboratory Testing April 2025
Coefficient
Equivalent | Classification | Total Standard of
AASHTO ASTM AASHTO No. Deviation, | Variation,
Test Designation | Designation | Sample No. | Labs | Units [ Average S CV (%)
Atterberg Limits
169 1494 32.46 2.03 6.3
170 54.73 3.51 6.4
Liquid Limit of 171 26.77 2.02 7.5
- T89 1525
Soils 172 29.53 2.14 7.2
173 26.11 1.36 52
174 1587 25.99 1.35 5.2
D4318 percent . : :
169 17.46 1.34 7.7
1489
170 17.58 1.83 10.4
Plastic Limit of 171 14.13 1.17 8.3
- 1524
Soils 90 172 > 14.25 1.23 8.6
173 1587 14.86 1.02 6.9
174 14.77 1.06 7.2
Specific Gravity of Soils
1.1
169 897 2.66 0.029
170 2.66 0.034 13
1.1
Passing 2.0 mm T100 D854 L7l 876 N/A 2.66 0.028
172 2.66 0.030 11
173 2.66 0.027 1.0
919
174 2.66 0.025 0.9
Moisture Density (Proctor) of Soils
8.5
169 1211 9.7 0.83
170 11.7 1.08 9.2
Optimum Moisture 171 9.3 0.59 6.4
Content - Standard 172 1208 | percent 9.7 0.56 58
173 8.2 0.58 7.1
174 1283 8.0 0.56 7.0
T99 D698 : : :
169 124.5 1.52 1.2
1211
170 118.1 1.86 1.6
Maximum Dry 171 126.7 1.31 1.0
Density - Standard 172 1208 pef 1255 1.22 1.0
173 129.2 1.41 1.1
174 129.8 1.44 1.1
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Coefficient
Equivalent | Classification | Total Standard of
AASHTO ASTM AASHTO No. Deviation, | Variation,
Test Designation | Designation | Sample No. [ Labs | Units [ Average S CV (%)
Moisture Content of Soils
169 516 9.9 0.19 1.9
Moisture Content 170 9.0 0.18 2.0
Immediately 171 591 9.4 0.15 1.6
Before 172 9.0 0.14 1.6
Compaction 173 9.0 0.13 15
535 . . .
T265 D2216 174 percent |85 0.13 15
169 1 9.8 0.23 2.3
Moisture Content 170 516 8.9 0.20 23
of Unused
Material 1;; 520 gg 81673 i;
Immediately After : : :
174 8.4 0.15 1.8
CBR
169 516 126.4 1.40 1.1
1;;’ w1 | o
of compacted . . .
specimen before 172 521 | bt T os 7 1.03 0.8
soaking 173 ca6 123.3 1.12 0.9
174 127.9 1.25 1.0
169 512 -0.160 0.20 -122.5
170 -0.115 0.16 -142.6
Swell - Percentage 171 