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1. PoLicy

It is the policy of the lllinois Department of Transportation (IDOT) to publish and maintain a manual that
establishes geotechnical policies consistent with the Standard Specifications for Road and Bridge
Construction and provides uniform procedures for geotechnical practices.

2. PERSONS AFFECTED

This policy affects the Office of Highways Project Implementation and Office of Planning and
Programming.

3. PURPOSE

The purpose of this policy is to provide for the publication of a manual that contains a compilation of
policies and guidelines which will define the lllinois Department of Transportation’s geotechnical
practices relative to achieving maximum production and quality performance in highway projects and
promote uniformity in geotechnical practices.

4. GUIDELINES FOR IMPLEMENTATION

The policies and guidelines which constitute the Geotechnical Manual are effective on the date noted
on the material itself. The manual covers subject areas such as:

A. Clarification of corresponding sections of the Standard Specifications for Road and Bridge

Construction
B. Geotechnical investigations,
C. Geotechnical analyses,
D. Design recommendations,
E. Geotechnical reports,

F. Geotechnical engineering for construction,
G. Geology and pedology, and

H. Laboratory and field testing of soils.

Version 3.0 Page 1 of 2

December 2020 Page i



Geotechnical Manual Policy MAT-14

MAT-14: Geotechnical Manual April 13, 2020

5. RESPONSIBILITIES

The following outlines the individual and office responsibilities to ensure compliance with the provisions
of this policy and its appendixes:

A. The Central Bureau of Materials (CBM) is responsible for the issuance and maintenance of this
policy and the associated manual or procedures.

B. The Office of Highways Project Implementation’s regions/districts and the Office of Program
Development are responsible for ensuring compliance with this policy.

C. The Geotechnical Engineer of the CBM Concrete, Soils & Metals Section should be contacted
when questions arise regarding the application of these procedures.

6. REVISION HISTORY
This policy includes the following changes:
e This policy was deemed current and adequate for continued use.

Archive versions of this policy are available by contacting the Document Services Unit in the Bureau of
Business Services at DOT.Policy@illinois.gov.

7. CLOSING NOTICE

Supersedes: Departmental Policy MAT-14: Geotechnical Manual,
Effective October 7, 2013

Attachment(s):  Geotechnical Manual
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PREFACE

The Geotechnical Manual (the Manual) has been prepared to provide uniform procedures for
geotechnical practices for the Department, local public agencies, and consultant firms in
performing geotechnical studies, preparing reports, and conducting construction materials
inspections of projects for and/or under the oversight of the Department. This manual supersedes
the January 1999 version of the Geotechnical Manual published by IDOT (1999). The Manual
presents the information normally required in the development of a typical geotechnical project.
The designer should meet all applicable criteria and practices presented in the Manual. However,
the Manual cannot address all potential situations and should not be considered a standard that
shall be met regardless of impacts. The designer should develop geotechnical components of the
roadway designs that meet IDOT’s operational and safety requirements while preserving the
aesthetic, historic, and/or cultural resources of an area. Designers shall exercise sound
engineering judgment on individual projects and, occasionally, be innovative in the approach to
the design. This may entail, for example, additional research into highway and geotechnical
literature.

The Bureau of Bridges and Structures and the Central Bureau of Materials developed the
Geotechnical Manual. Special acknowledgements are also given to the engineering consulting
firms of WHKS & Co. and McCleary Engineering for their assistance in developing the initial
framework of the Manual.

IDOT MISSION STATEMENT

We will provide safe, cost-effective transportation for lllinois in ways that enhance quality of life,
promote economic prosperity and demonstrate respect for our environment.

GUIDING PRINCIPLES
We will accomplish our mission while making the following principles the hallmark of all our work:
e Safety o Integrity o Diversity

¢ Responsiveness e Quality e Innovation
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DOCUMENT CONTROL AND REVISION HISTORY

The Geotechnical Manual is reviewed during use for adequacy and updated as necessary by the
Central Bureau of Materials. The approval process for changes to this manual is conducted in
accordance with the procedures outlined in the lllinois Department of Transportation’s Document
Management Manual.

Electronic

Portable Document Format (PDF) has been selected as the primary distribution format. The
official version of the manual is available on the lllinois Department of Transportation website and
the Policy and Research Center Library site on InsidelDOT.

Hard Copy

This manual is no longer distributed in hard copy format. Users who choose to print a copy of the
manual are responsible for ensuring use of the most current version.

Archived Copies

Archived versions of this manual are available to examine by contacting the Policy and Research
Center at DOT.PolicyResearchCenter@illinois.gov.
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ABBREVIATIONS AND DESCRIPTIONS

Abbreviations

The following is an alphabetical listing of abbreviations, acronyms, and shortened titles used in
this Manual; followed by their full title:

ACGI — Aggregate Column Ground Improvement
AAP — AASHTO Accreditation Program

AASHTO — American Association of State Highway and Transportation Officials
ABD — All Bridge Designers

AGMU — All Geotechnical Manual Users

BBS — (IDOT) Bureau of Bridges and Structures
BCR — Bridge Condition Report

BDE — (IDOT) Bureau of Design and Environment
BOR — Beginning-of-Redrive

CAM — Cement Aggregate Mixture

CAPWAP® — CAse Pile Wave Analysis Program
CBM — (IDOT) Central Bureau of Materials

CCB — Coal Combustion By-Product

CCRL — Cement Concrete Reference Laboratory
CIP — Cast-In-Place

CPT — Cone Penetrometer Testing

CSU — Concrete and Soils Unit

DCP — Dynamic Cone Penetrometer

DGE — (IDOT) District Geotechnical Engineer
DOT — Department of Transportation

EFA — Erosion Function Apparatus
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EOD — End of Driving

Eq. — Equation

ETR — Energy Transfer Ratio

EWSE — Estimated Water Surface Elevation
FGU — Foundations and Geotechnical Unit
FHWA — Federal Highway Administration
FOS — Factor of Safety

GBSP — Guide Bridge Special Provision
GIS — Geographic Information System

GPR — Ground Penetration Radar

HEC — Hydraulic Engineering Circular

HMA — Hot Mix Asphalt

IBR — lllinois Bearing Ratio

IBV — Immediate Bearing Value

Ibf & Ibm — Pound Force & Pound Mass, respectively
IDH — lllinois Division of Highways

IDOT — lllinois Department of Transportation
IFAI — Industrial Fabrics Association International
ILCS — lllinois Compiled Statutes

ISGS — lllinois States Geological Survey

ITP — lllinois Test Procedure

ksf — Kips per Square Foot

ksi — Kips per Square Inch

LBU — Local Bridge Unit

LiDAR — Light Detection and Ranging

LL — Liquid Limit

LRFD — Load and Resistance Factor Design
MPD — Mechanistic Pavement Design

MSE — Mechanically Stabilized Earth
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MSPT — Modified Standard Penetration Test

N — Blow Count (The number of blows required to drive the sampler 300 mm (12 inches) in a
SPT test.)

NHI — National Highway Institute

NPDES — National Pollutant Discharge Elimination System

OMC — Optimum Moisture Content (AASHTO T 99, unless otherwise specified)

PBDHR — Preliminary Bridge Design and Hydraulic Report

PCBC — Precast Concrete Box Culvert

PCC — Portland Cement Concrete

pcf — Pounds per Cubic Foot

PDA — Pile Driving Analyzer®

PDF — Portable Document Format

PESA — Preliminary Environmental Site Assessment

PGA — Peak Ground Acceleration

PGL — Proposed Grade Line

Pl — Plasticity Index

PL — Plastic Limit

PP — pocket penetrometer

PPG — Project Procedures Guide

PR — Penetration Rate (The depth of penetration mm (inches) per blow in a DCP test.)

PS&E — Plans, Specifications, & Estimates

psf — Pounds per Square Foot

PVD — Prefabricated Vertical Drain

Q,, — Unconfined Compressive Strength

RE — Resident Engineer

RGR — Roadway Geotechnical Report

R.O.W. — Right-of-Way

RQD — Rock Quality Designation

RSS — Reinforced Soil Slope
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SCP — Static Cone Penetrometer

SDD — Standard Dry Density (lllinois Modified AASHTO T 99, unless otherwise specified)

SEP — Subsurface Exploration Plan

SGR — Structure Geotechnical Report

SIMS — Structures Information Management System

SL — Shrinkage Limit

SPT — Standard Penetration Test

SPZ — Seismic Performance Zone

SRICOS — Scour Rate In COhesive Soils

SSC — State Soils Committee

SSM — Subgrade Stability Manual

SSR — Subgrade Support Rating

Standard Specifications — (IDOT) Standard Specifications for Road and Bridge Construction

STTP — Specific Task Training Program

TDR — Time Domain Reflectometry

TRB — Transportation Research Board

tsf — Tons per Square Foot

TSL — Type, Size, and Location plan

USDA/NRCS — United States Department of Agriculture/Natural Resources Conservation
Service

USGS — United States Geological Survey

WEAP — Wave Equation Analysis of Pile driving

WSDOT — Washington State Department of Transportation

WSS — Web Soil Survey
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Descriptions

The following common and miscellaneous soil descriptions are for information only:

COMMON SOIL DESCRIPTIONS

SiL
SiC
CL
Sa
SiCL
C

L
SaL
SaC
SaCL
Si
Peat

Silty Loam

Silty Clay

Clay Loam
Sand

Silty Clay Loam
Clay

Loam

Sandy Loam
Sandy Clay
Sandy Clay Loam
Silt

Peat

MISCELLANEOUS SOIL DESCRIPTIONS

Alternating Layers Marbled
Blocky Structured Mottled
Calcareous Organic
Coarse Sand Oxidized
Crumbly Peaty
Fine Sand Pockets
Laminated

December 2020

Sand Lenses

Seams

Secondary Structured
Slickensided

Streaks

Till
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Geotechnical Manual

Chapter 1 General, Organization
and Administration

1.1 General

The geotechnical practices and procedures presented herein constitute the lllinois Department of
Transportation’s (IDOT) policies for planning, designing, constructing, and maintaining
geotechnical features of the roadways, structures, and overall roadway corridors. Users of this
manual shall strive to provide safe, cost-effective transportation infrastructure for lllinois that
enhances the quality of life, promotes economic prosperity, and demonstrates respect for the

environment.

For many of the Department’s projects, geotechnical engineering has an integral role throughout
the planning, design, and construction phases. The chapters of this manual follow the same order
as the overall project development phases from planning, through design, and construction. In
addition, this manual discusses the components of developing typical geotechnical projects in
order of logical progression from initiation to completion.

Chapter 1 outlines the Department’'s geotechnical engineering organizational structure,
responsibilities, and consultant firm usage. In addition, the last section of this chapter summarizes
other Departmental resources which are used in conjunction with this manual. These include
memorandums, design guides, training courses, and other documents developed by the
Department to offer guidance on design and policy implementation, as well as, facilitating

consistency among the various personnel performing geotechnical engineering services.
1.2 State Geotechnical Organization and Responsibilities

The Department’s geotechnical engineering functions are handled through a decentralized
organizational structure which requires joint coordination effort between multiple offices within
IDOT. Each of the Department’s nine districts has a Geotechnical Unit, and the Central Office
divides its geotechnical responsibilities between two separate units. One of the Central Office
units is located in the bureau of Materials herein referred to as the Central Bureau of Materials
(CBM), and the other is located in the Bureau of Bridges and Structures (BBS).
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The districts conduct the frontline geotechnical engineering operations while the Central Office
provides engineering, review and supportive services. Additionally, the Central Office coordinates
statewide geotechnical engineering activities which include research and development of policies
and procedures. A chart outlining the Department’s geotechnical engineering organization is

shown in Figure 1.2-1.

The district Geotechnical Units operate under the Materials Section in the district’'s bureau of
Project Implementation. Each unit’s primary responsibilities include:

¢ Conducting and overseeing geotechnical studies consisting of project scoping, subsurface
explorations, laboratory testing, geotechnical engineering analyses, and development of
geotechnical reports;

e Conducting special forensic investigations and assisting in developing repairs for issues
such as slope failures, ground subsidence, and sink holes;

o Participating in statewide research and policy development processes in coordination with
the Central Office;

e Developing District and Project Specific Special Provisions;

e Providing technical design assistance and review of Phase | and Il planning reports and
design plans;

e Performing and reviewing construction materials testing and inspection of geotechnical
features;

¢ District wide oversight for regulatory compliance of the Department’s license for operating
its nuclear density gauges;

¢ Archival management of the District’'s geotechnical reports, test results, and data;

¢ Performing evaluations of geotechnical consultant performance.
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The Central Bureau of Materials houses the Central Office (State) Geotechnical Engineer and
staff within the Concrete and Soils Unit (CSU) of the bureau’s Material Testing Section. The
Central Soils Testing Laboratory and Soils Instrumentation Laboratory are located within this unit
as well. The primary geotechnical responsibilities of this unit include:

e Coordination between the Central Office and the Districts to develop, maintain, and
administer statewide Departmental geotechnical engineering policies, specifications, and
research;

¢ Investigating and implementing revisions to manuals, specifications, and policies;

e Conducting special engineering studies and reports;

e Conducting and assisting in forensic investigations, such as ground subsidence and
repairs for slope failures;

e Performing several soil tests not available in many of the districts;

¢ Providing technical assistance to Districts including reviewing or conducting geotechnical
engineering analyses, designs, and providing guidance on construction challenges;

¢ Reviewing Preliminary Feasibility, Corridor, Roadway and other Geotechnical Reports and
memoranda as required;

o Reviewing District construction submittals such as value engineering, special ground
improvement, and construction problems;

e Reviewing and/or evaluating new and existing geotechnical software for potential
Department wide use;

e Providing Specific Task Training Program (STTP) courses for soils field testing and
inspection to state, local agency, and consultant personnel,

e Statewide oversight for regulatory compliance of the Department’s license for operating
its nuclear density gauges;

e Calibration and repair of some Department owned soil testing equipment such a nuclear
density gauges;

e Geotechnical consultant prequalification assessment.
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Within the Bureau of Bridges and Structures resides the Foundations and Geotechnical Unit
(FGU). The FGU’s main responsibilities include:

e Reviewing and approving Structure Geotechnical Reports and other related reports and
memoranda, as required;

e Reviewing geotechnical aspects of Type, Size, and Location Plans (TSL), and final design
and contact documents;

e Reviewing District construction submittals including MSE internal stability, ground
anchors, soil nail walls, temporary sheeting, cofferdams/seal coats, value engineering,
sound barrier foundations, aggregate column ground improvement, reinforced slopes, and
construction problems;

e Assisting district Geotechnical Units when requested;

e Conducting forensic investigations; and foundation underpinning, repairs and slope failure
retrofit designs;

e Providing STTP Program courses for drilled shaft and pile foundation construction
inspection to state, local agency, and consultant personnel,

e Providing updates and improvements to the foundations and structure-geotechnical
related portions of the Geotechnical Manual and the Bridge Manual,

e Developing and maintaining the design tables, base sheets, and software for foundation
selection for high mast lighting, traffic signals mast arms, overhead sign structures, noise
abatement walls and other structures;

e Developing and maintaining geotechnical specifications related to bridges and walls
contained in Guide Bridge Special Provisions (GBSP) or the Standard Specifications for

Road and Bridge Construction (Standard Specifications);

o Developing and overseeing research on geotechnical issues impacting bridges, walls,
culverts and other structures;

¢ Developing spreadsheet software for geotechnical analysis, and evaluating commercial
software for potential statewide use;

¢ Assisting CBM in geotechnical consultant prequalification when requested.
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Some primary responsibilities are jointly shared by the Central Office CSU and FGU. These
include:

o Participating in research and coordination with other state DOT, FHWA, AASHTO, TRB,
NHI, academia, and other state and national organizations in order to develop and improve
geotechnical engineering policies and practices and to stay abreast of new publications;

e Technology transfer by facilitating and organizing seminars, attending conferences, and
disseminating innovative research findings to Departmental geotechnical engineering
personnel;

¢ Developing a statewide geotechnical data management system in coordination with the
Districts.

1.3 Geotechnical Engineering Consultant Firm Usage

In order to accomplish the Transportation Improvement Program, the Department uses outside
consulting firms when necessary to supplement IDOT personnel and perform specialized services
if the Department does not have in-house capabilities. Consultant firms performing geotechnical
engineering services for the Department are required to be prequalified in the appropriate
geotechnical services category for the work being performed. The Department prequalifies
geotechnical consultants to perform work in the following four categories:

e Geotechnical Services: Subsurface Explorations

e Geotechnical Services: General Geotechnical Services

e Geotechnical Services: Structure Geotechnical Reports (SGR)

¢ Geotechnical Services: Complex Geotechnical / Major Foundations

The prequalification categories differentiate between the various types and levels of geotechnical
service utilized by the Department. Each prequalification category has difference minimum
requirements for staffing, expertise, experience, professional engineering licensure, equipment,
and facilities. Category descriptions and minimum requirements for prequalification in each of
these categories are available on the Department website: http://www.idot.illinois.gov/ in IDOT’s

Description _and Minimum Requirements for Prequalification publication (located under the

“Prequalification” drop-down tab).
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To maintain prequalification, firms are routinely reviewed by subject matter experts in the Central
Office for each category to monitor and assess changes in the firm’s staffing, experience, etc.
The Districts and Central Office bureaus overseeing consultant contracts also conduct an
evaluation process to assess the work performance of consultant firms. More information on
Departmental administration of consultant firms is discussed in Chapter 8 of the Bureau of Design

and Environment (BDE) Manual.

1.4 Other Geotechnical Resources Documents

The most current manuals and information related to geotechnical policies, documents, and
procedures are available on IDOT’s website http://www.idot.illinois.gov/. The following is an

abbreviated list of geotechnical memoranda and other supplemental electronic documents
available on the Department’s website. These and other available documents are dated and
revised as IDOT policy, government regulations or design codes change.

All Geotechnical Manual User Memoranda (AGMU Memos)
Geotechnical Design Guides (Section 6.19)

Geotechnical Design and Construction Spreadsheets (Section 6.19)
Geotechnical Special Provisions

Geotechnical Forms

Geotechnical Training Courses and Class Reference Guides
Subgrade Stability Manual

N O O R~ 0N~

AGMU Memos advise Geotechnical Manual users on policy changes. Typically, the policies

implemented through these memos will eventually be incorporated into the manuals.

A number of Geotechnical Design Guides have been prepared to illustrate various policies and
procedures and are considered companions to the Geotechnical Manual. In addition, several of
these Design Guides are accompanied by Geotechnical Design and Construction Spreadsheets
that electronically streamline calculations for the procedure or procedures described. Engineers
and technicians are encouraged to use these spreadsheets for analysis, design, and inclusion in
geotechnical reports when applicable. Some spreadsheets are also available to assist with
construction inspection.
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These documents are in several locations throughout the Department’s website, and direct links
to lists for most of these documents are not available given the website’s architectural format.
Website  navigational tutorials are available in the website’s “Help” Ilink
http://www.idot.illinois.gov/home/help. However, most of the geotechnical engineering

documents can be located by visiting two main areas on the website:

¢ Soils/Geotechnical page: The website navigational path to this location is Home > Doing

Business > Material Approvals > Soils. On this page, the various electronic documents

can be located through selecting the tabs, such as “Procedures” and “References” located
near the middle of the page. From there, the information is listed under the various drop-
down list buttons.

¢ Foundations & Geotechnical listings: The website navigational path to this location is

Home > Doing Business > Procurements > Engineering, Architectural & Professional

Services > Consultant Resources. On this page, select the “Bridges & Structures” tab

located near the middle of the page, and then the information is listed under the
“Foundations & Geotechnical” drop-down button located about half-way down the
“Specific Scope of Services” list.

A Geotechnical Subscription Service is available to inform subscribers of changes and updates

to geotechnical policies and information on the website. Users of the Geotechnical Manual should
subscribe to this service to stay advised of policy revisions and other pertinent changes.
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Chapter 2 Geotechnical Studies
Overview

2.1 Introduction

This chapter presents an overview of the various geotechnical studies conducted by the
Department, as well as, their integration into the overall project development process. The last
section of this chapter also provides a summary of the typical development process for
geotechnical studies.

2.2 Geotechnical Engineering Tasks in Planning, Design, and Construction Phases

The State of lllinois spans a distance of about 210 miles from east to west and about 390 miles
from north to south. Across this distance, a wide range of geological features exist. Geotechnical
engineering evaluates the soil and rock properties of the geologic material within the project limits
for use in supporting roadways and structures. The goal of evaluating subsurface conditions is
to identify and utilize the site’s geologic material to its potential while mitigating weaker and/or
unsuitable materials. This task is one of the most challenging design aspects compared to
utilization of most other construction materials employed in a project. Successful accomplishment
of it contributes to having a safe, cost-effective, functional and durable infrastructure.

2.2.1 Planning and Design Phases

For many of the Department’s projects, geotechnical engineering has an integral role throughout
the planning, design, and construction phases. Chapters 2 and 3 in the Bureau of Design and

Environment Manual outline the overall project development processes for improvements to new

and existing alignments including when geotechnical engineering is integrated into the processes.
Generally, geotechnical studies are conducted either near the completion of a Phase | study or
shortly after the Phase Il design has begun.

The geotechnical project planning process is typically initiated through coordination between the

district’s bureau of Program Development and the District Geotechnical Engineer (DGE), where
the scope of the Phase /Il design project is reviewed. From there, the DGE typically develops a
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general geotechnical scope-of-work that identifies the need and type of subsurface exploration,
laboratory testing, analysis, and reporting. Once the geotechnical study is underway, the
information from the field and laboratory tests is evaluated and analyzed with the results and
recommendations compiled in a Geotechnical Report.

After the initial study and Geotechnical Report are completed, additional coordination may need
to follow. This may include follow up communications between the geotechnical engineer(s) and
the roadway designer(s) or structural engineer(s) to assist in interpreting and applying
recommendations or results contained in the Geotechnical Report.

Following completion of the Geotechnical Report, additional geotechnical engineering
involvement may be needed because of the timing of the initial geotechnical work within the
development of the overall project. Geotechnical Reports are frequently prepared in the early
stages of the design process, and it is possible from time to time during the Phase Il design
process for issues or plan changes to be identified that were not apparent during Phase |. These
changes may result in the need for additional geotechnical engineering analysis and potentially
additional field exploration and/or testing. When geotechnical recommendations and/or test data
are transmitted to the designer after completion of the Geotechnical Report, they should be
documented using a revised Geotechnical Report, an addendum supplemental report, or
Geotechnical Design Memorandum as appropriate and following the reporting guidelines in

Chapter 7.

Phase Il design is also when any special provisions (such as special instrumentation monitoring,
special material requirements, specialized ground improvement, etc.) are identified and
developed for incorporation to the contract bid documents. Some of these special provisions may
be readily available as Bureau of Design and Environment Special Provisions, Guide Bridge

Special Provisions, or District Special Provisions. Other special provisions are developed

specifically for the project and require review by the DGE, CSU, and/or FGU during the Phase Il
plan review process. Refer to Section 6.16 for further guidance on Contract Special Provisions.
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2.2.2 Construction Phase

Phase Ill (construction phase) involves several geotechnical engineering activities. Material
quality compliance oversight is one of the key activities. Each district's Materials Section is
responsible for testing and inspection of construction materials to determine compliance with
project specifications, which include materials for geotechnical features such as embankments
and subgrades. Some items of work, such as borrow source materials, are required to be
submitted by the contractor during the construction phase for material approval by the district
Geotechnical Unit.

Another Phase Il geotechnical activity is the review of contractor designed structural features,
such as temporary soil retention systems. These items are submitted to the Bureau of Bridges
and Structures where the Foundations and Geotechnical Unit provides the review and approval.

During the construction of a project, there are, from time to time, problematic occurrences such
as design errors, plan omissions, and variances in anticipated field conditions. If the problems
are earthwork related, the district Geotechnical Unit frequently assists the Construction Section
in addressing these problems. When they are related to foundations, retaining walls, or other
geotechnical structural elements, the Foundations and Geotechnical Unit in the Bureau of Bridges
and Structures may be called for assistance.

2.3 Types of Studies

Several types of geotechnical studies are conducted at various stages of a project and throughout
the life of aroadway. For a new roadway alignment, Corridor and Feasibility Geotechnical Studies
may be conducted to provide valuable information for use in the corridor selection process and
developing the new roadway alignment. As Phase | and Il design studies for new and existing
alignments are underway, roadway and structure geotechnical studies are conducted to facilitate
development of the design and construction details. Then, during the operational life of the
roadway, there may be unforeseen events impacting the safety and serviceability of a roadway
corridor, such as a slope failure, which may require a special investigations study. A variety of
other miscellaneous work that does not require full geotechnical reports or utilizes specialized
reports is also classified under the Special Investigations category. The following sub-sections
provide a brief overview of each of the main types of geotechnical studies utilized by the
Department.
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2.3.1 Corridor and Feasibility Geotechnical Studies

Phase | Corridor and Feasibility Studies for new alignments of major highway facilities typically
include consideration of geologic conditions in the evaluation process. The purpose of this effort
is to assess potential obstacles or constraints that could affect the alignment selection or feasibility
of a localized improvement. This is accomplished by compiling a general summary of the area’s
geology, pedology, and other engineering information through review of available literature and
existing documents, field reconnaissance, and limited field explorations along with material tests.
The breadth of these preliminary geotechnical studies depends upon the scope, geology,
topography and geography of the project, and shall be coordinated by or with the DGE on a
project-by-project basis once preliminary corridors or alignments have been established. The
findings from a corridor or preliminary feasibility geotechnical study are summarized in either a
Corridor Geotechnical Report or Preliminary Feasibility Geotechnical Report and submitted to the
district’s bureau of Program Development, Studies and Plans Section for inclusion in the Corridor
Report or Feasibility Study as applicable. The reporting requirements for Corridor Geotechnical
Reports or Preliminary Feasibility Geotechnical Reports are discussed in Section 7.2.

2.3.2 Design Phase Geotechnical Studies

There are two main types of geotechnical studies conducted for projects in the design phase.
These are for roadways and structures. Many roadway improvement projects include one or more
structures within the project limits. When the structure(s) within the project meet certain criteria,
a separate geotechnical study is required for each individual structure. When project
improvements do have separate geotechnical studies for both the roadway and structures, special
attention should be exercised throughout the project development, review and coordination
process to avoid conflicting recommendations in the portions of the project that overlap between
the roadway embankment and the structure.
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2.3.2.1 Roadways

Roadway geotechnical studies are conducted to provide information for use in the design and
construction of new alignments and widening of existing alignments. These studies typically
include assessments on geotechnical features such as slope stability for cuts and fills, settlement
estimates for embankments, material suitability for subgrades and embankments, pavement
design parameters, and ground treatment and improvement options, as applicable. Roadway
geotechnical studies also include geotechnical recommendations for small structures, such as
culverts, which do not require separate reports and design. Criteria for determining the need to
conduct a roadway geotechnical design study is outlined in Section 7.3.1 along with the type of
reporting requirements for Roadway Geotechnical Reports (RGRs). Exploration requirements for
roadway subgrades, cuts and fills are also presented in Sections 3.4.1 and 3.4.2.

2.3.2.2 Structures

Structure geotechnical studies are performed to estimate the capacity of shallow and deep
foundations and provide information for use in the design and construction of box culverts,
bridges, retaining walls, and other structures. The Department has multiple categories of
Structure Geotechnical Reports (SGRs) that are a function of the complexity of the project.
Descriptions and criteria for determining which category is applicable to a project, as well as the
required type of reporting for each category, are discussed in Section 7.4.1. The exploration
requirements for structures are also dependent upon the particular structural component and are
presented in Section 3.4.3.

2.3.3 Special Investigations

Special Investigations are conducted for projects that lie outside of a routine scope of a typical
Roadway or Structure Geotechnical Design Study. They can range from basic soil borings to in
depth studies. Topics include borings for traffic and sign structures, Shelby tube borings, bedrock
soundings and coring, peat soundings, groundwater elevation observations, long-term monitoring
of known problem areas, detention ponds and wetlands, borrow pits, and geotechnical studies for
pavement rubblization projects. Some of these categories such as Shelby tube borings and peat
or rock sounding may be incorporated into an RGR or SGR to address localized conditions. Other
categories such as traffic and sign structure borings are processed by the Department separately
from other design elements and as such do not require full geotechnical reports. Geotechnical
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studies for pavement rubblization projects are a specialized study and report (Section 7.5.1) that
is focused on the feasibility of successfully performing pavement rubblization.

Special Investigations also cover unforeseen events which may occur during the operational life
of the roadway and affect the roadway’s safety and serviceability. Examples include slope
failures, mine subsidence, and sink holes. A Special Investigation is utilized to evaluate the
source of the problem and develop mitigation options.

Guidance on exploration requirements for various Special Investigation categories are provided
in Section 3.4.4.

2.4 Project Development Process

The process of conducting a geotechnical study is qualitatively similar for most projects. Chapters
3 through 7 of this Manual have been organized to follow the general progression for completing
a geotechnical study as outlined below:

¢ Identification: The need to conduct a geotechnical study is typically identified through one
of two paths. The most common means of identification is through the Phase | or Phase Il
project development process by the district’'s bureau of Program Development. Once the
need is identified, the geotechnical study is initiated through coordination between Program
Development and the DGE.

The alternative process for identifying the need for a geotechnical study is when the district
bureau of Operations notifies the DGE of a problem observed during maintenance
surveillance and/or operations. These notifications may lead to the initiation of a Special
Investigations study.

¢ Reconnaissance and Scoping: Reconnaissance and scoping are inherently integral and

iterative processes. After the need for a geotechnical study has been identified for a Phase
I/ll design project, the DGE reviews the scope of proposed improvement and available site
information to assess the type of geotechnical study(ies) needed, identify the general scope-
of-work required for compliance with Departmental policies, and address any readily identified
special site conditions. Guidance on project reconnaissance and scoping is provided in

Chapter 3.
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For a Special Investigations study, the process may begin with field reconnaissance to assess
the extent and urgency of the reported problem. This includes consideration to functionality
of the roadway, potential risk for property damage, and general public safety. Once the initial
field condition information has been obtained, the DGE determines if a Special Investigation
study is warranted or if it is a routine maintenance repair. If warranted, the project is then

prioritized and coordinated with other bureaus.

o Data Acquisition: Data acquisition consists of gathering both existing and new information

for a particular project. This process begins during the project scoping with reconnaissance
of the project area, where existing information is used to assess the amount and type of new
data required for the geotechnical study. Examples of existing data sources include existing
plans, historical reports, literature review, and remote sensing. Chapter 3 provides information
on common data acquisition resources used in geotechnical studies.

Most of the new data is typically obtained from a subsurface exploration program consisting
of field testing, sampling, and subsequent laboratory testing to characterize the subsurface
conditions and identify material properties. Collecting field data can be costly and time
consuming. Obtaining field data too early in the development of a project may result in having
to redo the field work if there is a change in the proposed roadway alignment. Unless field
data is needed to assist with the final alignment selection process, it is generally
recommended that subsurface explorations for design phase geotechnical studies do not
proceed until after the final horizontal and vertical alignment is determined during Phase |
Design Study of a project. Additionally, subsurface field explorations for structures should not
proceed until the preliminary substructure/foundation locations have identified. Refer to
Chapter 4 for discussion on the development of Subsurface Exploration Plans (SEPs) and
performing field explorations, sampling, and field testing. Refer to Chapter 5 for information
on laboratory testing of field samples.

¢ Analysis and Recommendations: Once the data has been collected, the geotechnical study

transitions into the evaluation and analyses of the data to formulate recommendations for use
in the plan design and project construction. The level and detail of the analyses and
evaluations will vary, as appropriate, between projects and will depend on the proposed
improvement and site conditions. The results of the analyses and evaluations are used to
formulate recommendations that contribute to developing safe, cost effective, functional, and
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durable transportation facilities. Chapter 6 provides guidance on analyzing the project data
and developing design recommendations.

o Reporting: The findings of geotechnical studies are documented through the development
of reports. Geotechnical Reports compile and summarize the project data and subsurface
conditions. They also present results of analyses and convey recommendations from
geotechnical studies to the designers for use in design and development of final plans,
specifications, and cost estimate (PS&E) documents. Refer to Chapter 7 for guidance on the
format and content of Geotechnical Reports.
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Chapter 3 Reconnaissance and
Project Scoping

3.1 Introduction

After initially identifying the need for a geotechnical study, the next step is to perform
reconnaissance and project scoping. The two are inherently integral and iterative, where existing
data is gathered and reviewed to develop the project scope. Chapter 3 discusses the
reconnaissance process for a project and its use in developing the initial scope of the geotechnical
study. This process generally follows AASHTO R 13, “Standard Practice for Conducting
Geotechnical Subsurface Investigations”.

This chapter also outlines the Department’'s minimum field exploration requirements for
conducting Design Phase Geotechnical Studies (for RGRs and SGRs) and some types of Special
Investigations. The type and extent of field exploration for Preliminary Feasibility, Corridor, and
some Special Investigation geotechnical studies need to be customized for each individual project
and are subject to development and approval by the DGE. The last section of this chapter
provides guidance on the Department’s standard practice for field and laboratory testing of soils
samples for routine geotechnical studies.

3.2 Reconnaissance of Project Area

Project scoping for geotechnical studies and field subsurface exploration programs are facilitated
first by performing reconnaissance of the project area. Reconnaissance consists of gathering
and reviewing available information about the proposed project improvement, available technical
data for the proposed project area, as well as a site visit. This information is used for developing
the project scope as well as formulating geotechnical design recommendations. Proposed project
improvement information is typically obtained from Phase | reports, such as a Project Report,
and/or preliminary plans. Sources of existing geotechnical data include published literature,
Departmental records, and other communications regarding the geology, topography, existing
land use, and groundwater conditions anticipated to be encountered at the site. This chapter
discusses the sources most frequently referenced by the Department for geotechnical studies,
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and other resources may be utilized when applicable to a project. It is the responsibility of the
users of this Manual to determine which sources are pertinent to the scope of a particular project.

The review of existing geotechnical data for a proposed project area should be supplemented by
a site visit for ground reconnaissance to identify any potential geotechnical concerns to include in
the project scope. Ground reconnaissance is also important for scoping the mobilization of
subsurface exploration equipment and field personnel. On-site observations are valuable for
evaluating site access conditions and constraints such as rock out crops, steep slopes, soft
ground surface conditions, potential for the presence of any buried hazardous materials, ground
cover, utilities, traffic, and working room.

3.2.1 Proposed Project Improvement Information

The first source of information to gather and review in the reconnaissance and scoping process
is information on the proposed improvement. This includes the location and type of project. This
information is then used to determine the type(s) of geotechnical study(ies) and focus the
reconnaissance process to obtain information that will be the most pertinent in scoping,
engineering evaluations and analyses, and development of recommendations. Depending on the
type of improvement, typical sources of information on the proposed improvement include Phase
| reports and preliminary plans. These documents contain information on the existing and
proposed plan and profiles, existing and proposed cross sections, and survey control information.
For projects with proposed structure improvements, other informational sources may include
TSLs, Bridge Condition Reports, preliminary structure layout sketches, and Hydraulic Reports.

3.2.2 Literature Review

Sources of available technical data from published literature covering the proposed project area
include, but are not limited to: topographic maps, aerial photography, satellite imagery, geologic
maps, statewide or county soil surveys and mineral resource surveys, and climatological records.
Reports of other pertinent subsurface explorations of nearby or adjacent projects should also be
reviewed if available.
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lllinois has several organizations which have published geological, agricultural, and water surveys
for many years. These publications provide a wealth of technical data for nearly every part of the
State. These include water well drilling records, USDA/NRCS reports, pedologic maps,
quaternary deposits maps, and bedrock surface maps. A partial listing of many of these
publications is included in the Bibliography in Appendix F.

3.2.2.1 Aerial Photography

Considerable information can be deduced by proper interpretation of aerial photographs. Aerial
photographs are advantageous in site reconnaissance because they provide a broad view of a
site and are an ideal base for recording planimetric information obtained during the field survey.
They can also reveal features that may not be readily recognizable at the ground level such as
old meander scars in an alluviated valley. Thus, these photographs may assist in scoping the
field exploration program by indicating areas of possible concern.

Obtaining aerial photographs of a site at a scale of 1”=1,600 ft. or larger are recommended. The
Department’s Aerial Surveys Section in BDE typically has photographs available at scales of 1” =
800 ft. or larger. The project designers may have aerial photos overlaid with a plot of the proposed
improvements. Recently, the computer aided drafting and design (CADD) software GEOPAK
utilized by the Department was enhanced and has the capability to overlay a project plan view
onto the Google Earth internet application. Aerial photographs are also readily available to the
general public through sources such as the United States Department of Agriculture/Natural
Resources Conservation Service (USDA/NRCS), available at
https://websoilsurvey.nrcs.usda.gov/app/HomePage.htm. Additionally, both IDOT and

USDA/NRCS photographs can be utilized for stereoscopic (3D) viewing of the site.

3.2.2.2 Topographic and LiDAR Maps

There are various sources of topographic data that can be utilized in a geotechnical study. The
selection of the source depends on availability and the level of accuracy the data needs to be for
a particular application. Websites such as the United State Geological Survey
https://www.usgs.gov/ and the lllinois State Geological Survey’s (ISGS) lllinois Geospatial Data

Clearinghouse provide topographic map downloads. The United States Geological Survey
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(USGS) topographic maps are a common reconnaissance resource for project scoping,
preparation of an SEP, and documenting the project site location in a Geotechnical Report. For
more precise data, many proposed improvements have project specific aerial and topographic
survey data obtained during the early planning phases of a project.

Topographic maps provide information on the overall ground surface topography, including
drainage patterns, slope inclinations, and potential wetlands. When topographic maps are used
in conjunction with aerial photos, pertinent geologic features can sometimes be identified. This
data may be valuable in determining accessibility for field equipment and identifying potential
geotechnically problematic areas.

As an additional resource, Light Detection and Ranging (LiDAR) surface topographic data and
maps have been under recent development and may also be used to assess site geography.
They typically have higher resolution than traditional USGS topographic maps, and they may
provide information that is superior to aerial photographs in identifying geologic, pedologic, and
historic features. Several software programs are available for reading LIiDAR data files and
generating digital surface and terrain models for a site. LiDAR data files are readily available for
some counties and are publicly available for download from the ISGS lllinois Geospatial Data

Clearinghouse or USGS’s EarthExplorer website (https://earthexplorer.usgs.gov/). Several

LiDAR surveys have also been conducted by IDOT throughout the state, and they could also be
utilized if available for the project area.

3.2.2.3 Geology and Pedology

Information on the general geology and pedology of a project location can give indications of the
anticipated soil and/or rock conditions at the site for use in project scoping and evaluation. This
includes major geologic processes that have affected the project site, as well as the presence of
particular landforms. Examples of common soil deposits in this state include alluvium, glacial
outwash, loess, and tills. Alluvial deposits are delivered by rivers and streams, and they are
typically silts and sands. Glacial outwash areas may range from channelized sand and gravel
deposits to cobbles and boulders. Loess materials are predominately silts deposited by wind,
while tills are a mixture of clays, silts, sands and pieces of rock deposited by glaciers. For quick
reference, Appendix A of this Manual provides an overview of the state’s geology and pedology,
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and the following sub-sections discuss other commonly accessed sources of geological and
pedological data. A report by Thornburn (1963) can also be used to obtain information on the
surface deposits of lllinois.

3.2.2.3.1 ISGS Information

The lllinois State Geological Survey (ISGS) is a source of a wide variety of books, maps, and
other published literature frequently referenced for geotechnical studies. The ISGS resources
include information on geologic mapping, water wells, coal mines, oil and gas well records, and
other records. These documents show much of the Pleistocene deposits, as well as bedrock
features which have been covered by this period of glacial activity. A thorough search of the site's
geologic data may provide an idea of the variety of deposits which may be encountered during
a subsurface exploration program. In addition, a review of the oil and gas maps, mined-out area
maps, and coal reserve maps may also give an indication of areas of potential concern.

Many of these documents and other interactive databases such as the Public Land Survey

System (PLSS) are available electronically on ISGS’s website (https://isgs.illinois.edu). The ISGS

website also contains the lllinois Geospatial Data Clearinghouse with downloadable files available

for aerial photography, USGS topographic maps, GIS data, and LiDAR survey data.
3.2.2.3.2 USDA/NRCS County Soil Survey Reports
The United States Department of Agriculture (USDA), Natural Resources Conservation Service

(NRCS) publishes the Web Soil Survey (WSS), available on the internet. This collection of county
soil surveys is a source of pedological maps, and they typically describe the range of soil profile

characteristics to depths of about 5 to 6 feet for mapped soil units. The NRCS county soil survey
data is updated and maintained online. However, printed copies or compact discs (CDs) of
previously published NRCS soil surveys may also be available at local county USDA offices. The
Web Soil Survey is interactive and allows the user to define an area of interest, view and print a

soil map, access various soil data with engineering properties, and generate detailed electronic
reports of the area of interest.
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The information from the WSS should not be used as a substitute for a field sampling and testing
program, as a certain number of borings will be required to obtain samples for laboratory testing,
classification, and verification of the anticipated soil characteristics. However, the data may be
used in conjunction with engineering judgment to refine the scope of a subsurface exploration
program. In locations where the WSS indicates certain problematic soil types (frost susceptible
or swelling soils, peats, etc.) are to be likely encountered, the subsurface exploration program
scope may focus the number and spacing of borings in a particular area, as well as, aid in
selecting the type of equipment and sampling required. Additionally, the number of borings for
subgrades can sometimes be reduced in areas where the pedological maps report fairly uniform
soil mapping units, typically in relatively level terrain, and where moderate to deep cuts or high
fills are not proposed. Refer to Section 3.4.2 for more discussion on this topic.

3.2.2.4 Climatological Data

Climatological data is used when evaluating groundwater conditions. Certified climatic
precipitation data can be obtained from the National Oceanic and Atmospheric Administration
(NOAA) National Centers for Environmental Information (NCEI) formerly known as National
Climactic Data Center (NCDC) at: https://www.ncdc.noaa.gov/. In addition, the following link
provides access to the NCDC U.S. Local Climatological Data (LCD) website for Edited Monthly
Online LCD data: https://www.ncdc.noaa.gov/IPS/Icd/lcd.html. Recent data can be obtained from

the NOAA National Weather Service (NWS) Regional Support Center homepage websites under
the observed weather preliminary monthly climate data. More local climactic data can be found
on the lllinois State Climatologist Office’s website at: https://stateclimatologist.web.illinois.edu/.

Other subscription services and internet websites for climactic data are also available. The source
of the data shall be referenced when used in the Geotechnical Report.

December 2020 Page 3-6


https://www.ncdc.noaa.gov/
https://www.ncdc.noaa.gov/IPS/lcd/lcd.html
https://stateclimatologist.web.illinois.edu/

Geotechnical Manual
Chapter 3 Reconnaissance and Project Scoping

3.2.3 Departmental Records

Reconnaissance of Departmental records is useful in developing the scope of an exploration plan
for refining the number, spacing, and depth of sampling locations. These resources are also
utilized during analysis, evaluation and development of geotechnical design recommendations.
The following list summarizes the most commonly accessed Departmental resources for
geotechnical studies, and it is the responsibility of the users of this Manual to determine which
sources are pertinent to the scope of a particular project:

e Phase | reports such as Project Reports, Combined Design Reports, etc.
e Proposed roadway plan and profile alignment and cross sections

e Existing and/or as-built plans

e Previous Geotechnical Reports, existing borings and test data

e Preliminary TSL drawings

e Bridge Condition Reports

e Hydraulic Reports

e Existing hydraulic and bridge inspection records

e Existing pile driving records

e Structures Information Management System (SIMS)

e Geographic information systems (GIS)

e Environmental, archeological, historical, and biological clearance records and reports

3.2.3.1 Existing Plans

Many projects are either on or near existing alignments. As such, existing plans are typically
available, and should provide insights into the subsurface conditions that are likely to be
encountered at a particular site. When available, reviewing as-built plans is recommended, as
they can provide information about encountered field conditions that deviated from those which
were anticipated in the design phase.
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3.2.3.1.1 Existing Structure Plans

Existing and as-built structure plans typically provide information on the type, size, and location
of in-place foundations, and may contain boring information. When acquiring new borings, it is
beneficial to know the location of existing foundations, including ones that may be abandoned
and buried, in order to avoid them during drilling operations. Existing plans may also facilitate the
identification of such phenomena as man-made or natural shifts in channel alignment, a channel’s
propensity to lateral migration, and scour.

In addition, existing structure plans typically contain details on existing pile sizes, estimated pile
lengths, and pile capacity. They may also indicate maximum applied soil bearing pressure for
shallow foundations, or past removal and replacement of unsuitable material. Information such
as this can be used as an aid when estimating the required depth of proposed borings and in
evaluating the potential for re-use of the existing foundations.

3.2.3.1.2 Existing Roadway Plans

As-built and existing roadway plans provide information on the roadway widths, thicknesses and
type of existing pavement materials as well as areas of concern during past construction. They
also provide information on the type, size, and location of buried appurtenances such as old
pavement, utilities, and small drainage structures.

Indicators of areas of potential concern can be garnered from the summary of quantities and
schedule of quantities tables for pay items like geosynthetics, aggregates, and removal and
disposal of unsuitable materials. Patching areas shown on the existing or as-built plans are
another possible indicator of areas where potentially problematic subgrade soils may be located.
This type of information is useful in developing a field exploration program targeted towards
assessing if any remedial action will be warranted on a project.
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3.2.3.2 Existing Borings, Test Data, and Geotechnical Reports

Existing boring data, if available, may be adequate for use in engineering analyses in lieu of
obtaining additional subsurface information on a particular project. For other projects, the
subsurface information provided from existing boring data can augment new subsurface data and
may be useful for developing the scope of the proposed boring locations, spacing, depths,
sampling and testing for a subsurface exploration plan.

Historic and existing Geotechnical Reports document test data and recommendations for previous
studies. A review of these reports may provide insights such as the likely foundation type for a
proposed structure, or it may offer a correlation with a roadway’s current condition. They may
also provide some preliminary guidance on issues such as the need for underdrains, or extension
of undercuts with a new widening project.

3.2.3.3 Existing Hydraulic and Bridge Inspection Records

Hydraulic and bridge inspection records and reports are resources for information on a site’s scour
potential. They may also document the presence of problems such as settlement and/or tilting of
a structure, which may indicate the possibility of weak soils.

3.2.3.4 Existing Pile Driving Data

Test pile records and/or production pile driving data collected during construction of existing
structures can be used when evaluating possible reuse of substructures/piling, or for estimating
how deep borings should be advanced for a new foundation. The BBS or the District may have
copies of these pile driving records on file.
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3.2.4 Field Reconnaissance

Field reconnaissance should be conducted after the review of available information, interpretation
of aerial photography and other remote sensing data, and a preliminary exploration plan has been
formulated. As part of a complete subsurface exploration program, field reconnaissance is
performed for identification of surficial geologic conditions, mapping of stratigraphic exposures
and outcrops, examination of the performance of existing structures, observations of areas with
high groundwater tables and ponding water which may affect the project alignment, and
assessment of site conditions for equipment accessibility to test locations. All pertinent
information including the proposed preliminary plans, topographic maps, aerial photos, and a list
of potential concerns identified during remote sensing and literature review should be close at
hand during the visit for comparison with actual conditions.

During the site visit, consideration should be given to the anticipated boring locations relative to
the site conditions noting potential constraints such as existing drainage ways, erosion, slope
conditions, foliage, rock outcrops, utilities, stream crossings, and existing structures. These items
can impact the site access and equipment needs for the field exploration program. Configuration,
volume of traffic, posted speed limit, and the extent of traffic control required during the exploration
should also be noted. Special notes should be made of any fences, tree lines, areas of ponding
water (borrow pits, wetlands, etc.), and other potential obstructions that may impede access
and/or require clearing and site preparation along the alignment. This information is then used
for refinement of an SEP.

Information obtained during the field reconnaissance is used in analyses and developing project
recommendations. Observations from the field reconnaissance are typically documented in the
Geotechnical Report, depending on the type of report. This includes discussion of site features
pertinent to design and construction recommendations. Additionally, itis common practice to take
photos of the site visit for future reference and inclusion in the report to support the discussion.
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3.3 Project Scoping

Scoping establishes an initial plan of action for conducting a geotechnical study from the
reconnaissance to report development. It begins with reviewing details of the proposed
improvement and available information about the site. This information is used to assess the type
of geotechnical analyses needed for formulating recommendations. Once the type of analyses
and recommendations are identified, then an assessment of the data acquisition needed to
perform these analyses can be completed. Much of this data acquisition is obtained through a
field exploration program and laboratory testing. As such, there is subsequent scoping for the
site access details to perform the field exploration. Then, a report is developed to document the
components of a geotechnical study typically including a summary of the reconnaissance of
available information and site visit, exploration program, field and laboratory testing, analyses,
and project recommendations. Scoping of the report development is comprised from an
integration of the other elements of the study.

When developing a scope for a project, a review of the applicable sections of this Manual should
be conducted for each component of the study. This generally includes reconnaissance and field
exploration and testing requirements (Chapter 3), developing a SEP and requirements for a
conducting field exploration (Chapter 4), laboratory testing (Chapter 5), analysis and
recommendations (Chapter 6), and reporting requirements (Chapter 7).

Scoping considerations shall include compliance with Departmental policies. They should also
address any readily identified special site conditions noted during the initial reconnaissance of the
project area.

3.3.1 Scoping Corridor and Preliminary Feasibility Geotechnical Studies

Scoping varies depending on the type of geotechnical study. Corridor Geotechnical Studies and
Preliminary Feasibility Geotechnical Studies primarily focus on reconnaissance of available
information from which a limited field exploration may be required. Such exploration may consist
of an examination of road cuts, quarries, gravel pits, strip mines, excavations, and the
performance history of existing civil works. This preliminary review of available information will
often disclose areas in which one or more soil borings are essential to an understanding of the
specific geologic conditions. Such borings should be made, if possible, and the results
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incorporated into the Corridor Report or Feasibility Study. To aid in scoping, refer to Section 7.2
for additional discussion and reporting requirements.

3.3.2 Scoping Design Phase Geotechnical Studies

Design Phase Geotechnical Studies are the most frequent type of geotechnical study conducted
by the Department. This type of study(ies) may include roadway, structure(s), or combination of
both roadway and structure(s) for an individual project. As such, this Manual focuses much of its
discussion towards completion of these studies. For Roadway Geotechnical Studies, refer to
Section 7.3.1 for guidance on determining the need to conduct a study and associated reporting
criteria. For Structure Geotechnical Studies, refer to Section 7.4.1 for guidance on determining
the need to conduct a study and associated reporting criteria.

Scoping begins with initial reconnaissance of the proposed improvement by reviewing preliminary
plan details along with available site information and Department policies to identify the need and
type of subsurface exploration, laboratory testing, analysis, and reporting. When reviewing the
proposed improvement information, attention should be given to the proposed horizontal and
vertical alignment, areas of deep cuts and high embankment construction, and the proposed
structure types and locations. These features may require specific types of analyses which need
to be accounted for in the scope development.

Depending on the proposed improvement, the types of analyses to assess during scoping could
include suitability of on-site materials for use in construction of embankments and pavement
subgrades, stability of cuts and fills, estimates of settlement, support of structure foundations,
construction considerations, and control of groundwater. Once the types of analyses are
identified for a project, scoping for the subsurface exploration program can be formulated. The
objective of a subsurface exploration program in the design phase is to furnish accurate and
complete information in order for pavements, embankments, structure foundations and retaining
walls to be designed and built with safety and economy.

As a general rule, the exploratory program is typically divided into two categories: subgrade

borings and structure foundation borings. Subgrade borings are drilled primarily for the design
to support the pavement structure. For this purpose, intact (relatively undisturbed) or nearly
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undisturbed soil samples are normally not required. Structure foundation borings are drilled for
the design of bridge and other structure foundations, and these borings may also apply to areas
of deep cuts and high embankments. Additionally, structure borings may extend to considerable
depths in order to obtain sufficient information for design. Refer to Section 3.4 for guidelines on
scoping boring type, spacing, location, and depth as well as field and laboratory testing of
samples.

Reconnaissance of available information regarding a site’s anticipated materials and how they
were generally deposited and/or formed is typically looked to for guidance in scoping a field
subsurface exploration plan and project recommendations. Local geological information may aid
in estimating boring depth before encountering bedrock and focusing exploration in areas that
may be geotechnically problematic for the proposed improvement. It can also help in anticipating
any site preparation and in selection of the type of equipment, drilling methods, and sampling
techniques that may be required to complete a field exploration.

3.3.3 Scoping Special Investigation Studies

Scoping for Special Investigation Studies varies greatly depending on the subject of the study.
Section 3.4.4 provides discussion on the most common types of Special Investigations.
Consideration should be given to the mode of reporting the study’s findings, which vary from being
included as part of a larger geotechnical study, a standalone report, or only boring logs or test
results.

Some Special Investigations projects, such as slope failures, are oriented towards remediating
operational, functional and safety issues. As such, they scope-of-work typically involves a much
more in-depth field exploration and laboratory testing program to obtain sufficient data to identify
the source of the problem. From there, the scope of the analyses may also be more detailed than
a routine Design Geotechnical Study.

Scoping for Special Investigations, such as bedrock or peat soundings, can be difficult to estimate

the extent of the field exploration and may require revisions to adequately characterize the
subsurface conditions.
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3.3.4 Scope Revisions

Throughout the course of a geotechnical study, it may become evident that the scope needs to
be revised and/or refined to gather additional information in areas where geotechnically
problematic conditions are encountered after the initial field exploration. An example of this may
include activities such as delineation of peat deposits or bedrock soundings to provide more
accurate estimates of treatment limits. This approach may also apply to situations were
geophysical survey techniques are used to identify subsurface anomalies, like potential sinkholes,
which are subsequently followed up with borings.

Occasionally changes in the project design, such as changes in alignment or structure type, will
also warrant scope revisions. Depending on the extent of the changes, additional field
exploration, laboratory testing, and analyses may be required. If these changes occurred after
the completing on the initial geotechnical study, then this information may need to be reported
revised Geotechnical Report, an addendum supplemental report, or Geotechnical Design
Memorandum as appropriate.

3.4 Exploration and Testing Requirements

Exploration and testing requirements are dependent on the type of geotechnical study, proposed
improvements, project specific requirements, and nature of the subsurface conditions as well as
site conditions. Unless specified otherwise in the text of the following sub-sections, the boring
depth and spacing requirements contained herein are intended neither as a minimum nor a
maximum, but as a guide to what normally will provide sufficient information to design a project.

The project reconnaissance information, along with the sampling and testing recommendations
discussed herein is used in developing the scope of the geotechnical study and a Subsurface
Exploration Plan (SEP). Standard methods for conducting field and laboratory tests are described
in Chapter 4 and Chapter 5, respectively.
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3.4.1 Subgrade Borings

The locations and sampling frequencies for subgrade borings should be at such intervals as to
allow the identification of all soil types, the water table elevation, and bedrock within the R.O.W.
that would impact the proposed project. Also, a soils profile is required to record the subgrade
boring distribution, with respect to the proposed vertical and horizontal alignment of the roadway.
Refer to the flow chart in Figure 3.4.1-1 for an overview of the various subgrade and embankment

fill and cut conditions.

Subgrade and Embankment/Cut Borings

What is the roadway’s proposed cross section
vertical configuration?

/

Embankment Height = 15 ft.? = Yes = See Figure 3.4.2-1

I (a) and (b)
No
Total Cut Depth = 15 ft.? Yes = See Figure 3.4.2-2
| (a) and (b)
No
Is the topographic relief
minimal with uniform soil Yes » See Figure 3.4.1.1-2
conditions? and Figure 3.4.1.2-1
|
No

|

See Figure 3.4.1.1-1
and Figure 3.4.1.2-1

Figure 3.4.1-1 Subsurface Exploration — Subgrade and Embankment/Cut
Boring Spacing and Depth Flow Chart
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3.4.1.1 Spacing Requirements

In general, when deep cuts or high embankments are not anticipated, borings for a single
pavement should be made at an interval of 300 ft. If more than one pavement is proposed within
the R.O.W., separated by less than a 120 ft. median, boring intervals may be increased to 600 ft.
along each pavement. They should be staggered at 300 ft. intervals between the two pavements.
Where the pavements are separated by more than 120 ft., both pavements should be drilled at
intervals of 300 ft. Refer to Figure 3.4.1.1-1 for a summary of the subgrade boring spacing

requirements in areas with cuts/fill less than 15 ft. in height.

Boring Spacing for Subgrade Borings

What is the roadway’s proposed typical cross section?

Single Pavement Dual Pavements with Dual Pavements with
Structure Median < 120 ft. Median > 120 ft.
| ' |
300 ft. boring 600 ft. boring spacing 300 ft. boring
spacing. for each pavement spacing for each
and pavement.
staggered at 300 ft.
intervals between both
pavements.

Figure 3.4.1.1-1 Boring Spacing Requirements for Subgrade Borings in areas with
cutsf/fills less than 15 ft. in height.

In areas of little topographic relief and when soils conditions are uniform, the boring intervals may
be increased to 500 ft. along a single pavement; or up to 1,000 ft. staggered for two pavements,
if separated by not more than 120 ft. In areas where the roadway will be in a cut, or a high
embankment, or where a complex subsurface profile is encountered, the boring interval should
be spaced more closely. Also, additional borings should be made in areas where there are
transitions from one soil type to another, or when small areas of different soil types may be
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encountered. Refer to Figure 3.4.1.1-2 for a summary of these subgrade boring spacing

requirements.

Using the aerial photographs as a guide, it is quite possible that several borings will be made in
order to delineate soil boundaries from which no test samples will be taken. The principal
objective remains, to correctly map the various soil types as they are encountered along the
R.O.W.

Borings Spacing for Subgrade Borings in Terrain with
Minimal Topographic Relief and Uniform Soil
Conditions

What is the roadway’s proposed typical cross section?

Single Pavement Dual Pavements with Dual Pavements with
Structure Median < 120 ft. Median > 120 ft.
500 ft. boring 1000 ft. boring spacing 500 ft. boring
spacing. for each pavement spacing for each
and pavement.

staggered at 500 ft.
intervals between both
pavements.

Notes:

1. Place additional borings for transitions in soil type
and/or small, localized areas of different soils.

2. Space borings closer for areas with cuts, high
embankments, and complex subsurface conditions.

Figure 3.4.1.1-2 Boring Spacing for Subgrade Borings in Terrain with Minimal
Topographic Relief and Uniform Soil Conditions
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3.4.1.2 Depth Requirements

In general, borings should be deep enough to penetrate the major horizons of the soil profile.
Normally, a depth of 5 to 6 ft. will be sufficient. In some cases, however, especially when the soil
is composed of more than one parent material; such as, loess over glacial till or bedrock, some
borings should extend at least to the contact between the two materials.

In areas where moderate cuts or fills are anticipated, the borings should penetrate a minimum of
6 ft. beneath the crown grade or elevation of the deepest excavation; or to a minimum depth of
2/3 of the height of the proposed embankment. For fill and cut areas over 15 ft., the boring depths
and spacing should be according to Section 3.4.2.

Refer to Figure 3.4.1.2-1 for a summary of the minimum boring depths requirement on subgrade

borings. This figure applies to subgrade borings in areas with cuts/fill less than 15 ft. in height.
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Borings Depths for Subgrade Borings

What is the roadway’s proposed cross section vertical configuration?

— |~

Moderate Cut
(<151t)

At-Grade

Moderate Fill/
Embankment (< 15 ft.)

:

:

Extend borings
about 5 to 6 ft
below proposed
crown or deepest
ditch cut.

Note:

Extend borings about 5
to 6 ft below proposed
crown (deep enough to
penetrate the major soll
horizons). Some may
need to extend deeper
to reach contact zones.

Extend boring depths
to 2/3 the embankment
height from below the
bottom of the
embankment base or
to bedrock.

1. If temporary sheetpile is anticipated for staged
construction, extend borings to twice the cut depth
below the proposed crown. (Borings must also be
SPT borings when used for sheetpile design.)

Figure 3.4.1.2-1 Minimum Boring Depth Requirements for Subgrade

Borings in areas with cuts/fills less than 15 ft. in height.

3.4.1.3 Sampling Requirements

The sampling and testing requirements, as well as the type of borings, depend on the subgrade
boring objectives, which should be defined by the geotechnical engineer prior to the field

exploration.

For pavement design, samples from the proposed subgrade should be taken at every change in
soil type or every 5 borings. They should be tested for PI, particle size, and IBR. If needed, soil
should also be sampled for soil-lime (or other additive) mix design. Samples, for moisture content
determination, should also be taken at the proposed subgrade, at every 2 ft. depth, and at every

change in soil type.
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The particle size analysis will be used in the Subgrade Support Rating (SSR) chart (Figure 7.3.3.5-

2) for pavement design. Therefore, the test samples should be representative of the subgrade
soil from 0 to 24 in. below the bottom of the proposed pavement.

To estimate the quantity of subgrade treatment needed, a variety of exploration methods for
estimating the subgrade strength and stability have been used. These methods include: pocket
penetrometer (pp) readings on the auger cuttings (in auger borings); field Q , tests on split-spoon
samples by using a Rimac spring tester; pp readings on split-spoon samples; and the DCP or
SCP tests on proposed subgrade soils, in fairly shallow cut areas.

These practices appear to serve the intended purpose for this kind of exploration. However, there
is not an adequate data correlation between the actual in situ soil strength and the pp readings
on the “entirely disturbed” auger cuttings. For this reason, approval of the DGE is required for pp
readings on auger cuttings.

3.4.2 Borings for Fill and Cut Areas

Areas which have a fill height or cut depth greater than or equal to 15 ft. will require slope stability
analysis. The exploration program should be supplemented by stability borings, as explained in
the following sub-sections. Refer to the flow chart in Figure 3.4.1-1 for an overview of the various
subgrade and embankment fill and cut conditions.
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Boring Spacing for Embankments 2 15 ft.

What is the roadway’s proposed typical cross section?

Single Pavement
Structure

Dual Pavements with
Median < 120 ft.

Dual Pavements with
Median > 120 ft.

¢

200 ft. boring
spacing

Notes:

\

/

200 ft. boring spacing
along the median center

1. Atleast 1 boring at the greatest height location.
2. Delineate with additional borings for variable soil profile
and/or inconsistent, week, and compressible soils.

Figure 3.4.2-1(a) Boring Spacing for Embankments Greater than or equal to 15 ft.

Boring Depths for Embankments 2 15 ft.

Is the boring to be used for slope stability analysis?

N

Yes No
4

Extend boring depths to 2/3 the
embankment height from below the bottom
of the embankment base or to bedrock.

Note: Extend boring depth further if initial
borings or geologic conditions warrant it.
Needed to terminate in either:
1. Minimum of 5 ft. into N=12 for
granular soils.
2. Minimum of 5 ft. into cohesive
material with Qu = 1.0 tsf.
3. Additional 3 ft. if not sure bedrock
was encountered.

Extend boring depths to at
least 6 ft. below proposed

EOAALS
CUIUVVIT.

Figure 3.4.2-1(b) Minimum Boring Depths for Embankments Greater than or
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Boring Spacing for Cut Depths 2 15 ft.

What is the roadway’s proposed typical cross section?

Single Pavement
Structure

Dual Pavements with
Median < 120 ft.

Dual Pavements with
Median > 120 ft.

¢

v

100 ft. boring
spacing.

200 ft. boring spacing
for each pavement

v

100 ft. boring
spacing for each

and pavement.
staggered at 100 ft.

intervals between both
pavements.

Notes: Locate at least 1 boring at the deepest cut location.

Figure 3.4.2-2(a) Boring Spacing for Cut Depths Greater than or equal to 15 ft.

Boring Depths for Cut Depths 2 15 ft.

Is the boring to be used for slope stability analysis?

\

Yes No
4

Boring depth to 'z cut depth below
proposed crown or to rock.

Boring depth to at least 6 ft.
below proposed crown.

Note: Extend boring depth further if
needed to terminate in either:
1. Minimum of 5 ft. into N=12 for
granular soils.
2. Minimum of 5 ft. into cohesive
material with Qu = 1.0 tsf.

Figure 3.4.2-2(b) Minimum Boring Depths for Cut Depths Greater than or
equal to 15 ft.

December 2020 Page 3-22



Geotechnical Manual
Chapter 3 Reconnaissance and Project Scoping

3.4.2.1 Spacing Requirements

When the roadway embankment will be greater than or equal to 15 ft. in height, the maximum
boring interval should be 200 ft. along the centerline of single pavements or along the median if
the embankment will support dual pavements. If the soil profile is quite variable or if the borings
do not reveal a consistent pattern of weak or compressible materials, then additional borings
should be made to delineate the depth and extent of such unstable materials. A minimum of one
boring should be made at the greatest height of the embankment. Refer to Figure 3.4.2-1(a) for

a summary of these boring spacing requirements.

If the crown grade of the proposed roadway is to be excavated to a depth greater than or equal
to 15 ft., the line boring interval should be 100 ft. or less. Multiple pavements may be treated as
previously described in Section 3.4.1.1, with at least one boring made at the deepest cut. Refer

to Figure 3.4.2-2(a) for a summary of these boring spacing requirements.

3.4.2.2 Depth Requirements

In fill areas, stability borings should extend to a minimum depth of 2/3 the height of the proposed
embankment. If bedrock is encountered at a lesser depth, the borings may be terminated. The
presence of bedrock should be verified by either a geologic map during the review stage, or drilling
an extra 3 ft. If the initial borings or geologic conditions warrant deeper borings, they should
terminate at a minimum of 5 ft., into cohesive materials having a minimum Rimac or Shelby tube
Q,, of 1 tsf, or into granular materials having a minimum N value of 12. The number and spacing
of the stability borings for embankments less than 15 ft. in height shall be determined as discussed
in the previous paragraph for shallow cut sections. Refer to Figure 3.4.2-1(b) for a summary of

these minimum boring depth requirements.

In cut areas, stability borings should penetrate to a minimum depth below crown grade of one-
half the depth cut, or to bedrock, whichever is encountered first. In all cases, the boring should
terminate at a minimum of 5 ft., into cohesive material having a minimum Rimac or Shelby Tube
Q, of 1 tsf, or into granular materials having an N value of 12. If the cut is to be less than 15 ft.
in depth, the borings should extend to a depth of 6 ft. below the proposed crown grade. In this
case, the number and spacing of the stability borings should be based on the complexity of the
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soil and rock profile. Refer to Figure 3.4.2-2(b) for a summary of these minimum boring depth

requirements.

3.4.2.3 Sampling Requirements

For slope stability analysis in fill or cut areas, Shelby tube samples and/or SPT borings with split-
spoon samples should be taken, depending on the soil type. Generally, in sandy soils, split-spoon
samples are preferred. In cohesive silty and clayey soils, the Shelby tube samples are more
reliable. Other intact (relatively undisturbed) sampling systems may also be used at the discretion
of the DGE. If these systems are used, the wall thickness of the tubes should result in an area
ratio (Ar) which does not exceed 30% as defined by Eq. 4.4.4.7-1 in Section 4.4.4.7.

3.4.3 Structure Borings

A split-spoon boring (or SPT) for structure foundations is traditionally referred to as a “structure”
boring, by IDOT. For the past several decades, it has been the practice to advance (structure)
borings at appropriate locations, determine the SPT N value, and extract split-spoon soil samples.
Cohesive soil samples are tested in the field for Q,, using an IDOT approved, gear-modified

Rimac spring tester as described in Section 4.4.5.2.1. The samples are visually described (i.e.

color, texture, relative density or consistency) and recorded in the boring log. Representative
samples are then returned to the lab for moisture content determination.

The boring is advanced to a depth which will provide sufficient information to address bearing,
slope stability, and settlement. Nominal boring depths for different types of structures are included
in the following sections. However, field judgment will be necessary to develop the boring
program, and to present satisfactory data for the probable choice(s) of foundation treatment.
Details of these treatments are included in Chapter 6.

December 2020 Page 3-24



Geotechnical Manual
Chapter 3 Reconnaissance and Project Scoping

3.4.3.1 General Boring Requirements

The following series of guidelines were compiled to secure foundation borings as close as
possible to the proposed substructure, culvert, or wall locations obtained from the structural
engineer. The subsurface exploration program should be developed as follows.

It is recognized, that the following designated boring locations are idealized and may not be
achieved for some projects, due to terrain and/or stream conditions. In such cases, the
geotechnical engineer should exercise judgment and place the borings in the most appropriate
locations possible.

When the structure borings indicate the presence of low strength and/or compressible soils, and
a new or higher embankment is called for, intact (relatively undisturbed) Shelby tube sample
borings should be made, as required in Section 3.4.4.3.

The usual vertical spacing of the SPT split-spoon samples is 30 in. from the beginning of one
sample interval to the beginning of the next, from the ground surface to 30 ft. The interval
thereafter may be increased to 5 ft. between samples. However, a 30 in. sampling interval
throughout the entire depth of the boring is preferable, and it may be necessary in cases of highly
variable soil deposits and cut sections in order to obtain sufficient data for analysis.

If hard drilling (N > 60) in glacial till, or very dense granular soil, is first encountered at the required
termination depth of a structural boring; that boring should be extended a minimum of four

sampling increments, or 10 ft. through the deposit.

3.4.3.2 Borings for Bridges

a) Take one SPT boring as close as possible to each proposed abutment location, and one
SPT boring as close as possible to each proposed pier location, if known. For example,
dual structures would require four abutment borings, plus multiple pier borings.

b) The boring locations should be in a staggered pattern at adjacent substructure units if
possible.
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c)

f)

Unless rock is encountered first, all structure borings should be drilled to a depth that will
achieve a minimum Nominal Driven Bearing capacity of 500 kips for a 14 in. diameter
metal shell pile. However, the boring depths may be tailored if the estimated maximum
loads per pile are known, or the structural engineer is confident in the use of a particular
pile type. In such case, the boring depth should achieve a minimum capacity of 110% of
the estimated maximum pile loads. Nominal pile capacity determination during the drilling
operation is derived from the side resistance and end bearing given in Tables C.3-1
through C.3-9 in Appendix C.3.

When the boring penetrates a compressible soil unit, the pile capacity above this unit
should be discounted for determining the required boring depth. As a guideline, a
compressible soil unit is a cohesive soil with a Rimac Q,, of 0.20 tsf, moisture content of

25% or higher, and the proposed new fill height is at least 15 ft.

In high seismic areas, particle size analysis should also be performed on representative
samples of soils suspected to be liquefiable.

When the proposed bridge width is greater than 75 ft., 2 borings (towards each end) should
be made for each substructure unit.

When an existing bridge is to be widened on both sides, it should be considered as a dual
structure when the width of the existing bridge is greater than 75 ft. When the existing
bridge is less than 75 ft., the type of existing foundation will govern: drill borings for spread
footings, as a dual structure; and for piles or drilled shafts, as a single structure.

Rock drilling should be conducted when spread footings, piles or drilled shafts are to be
set into bedrock. Rock cores should be obtained when bedrock is less than 15 ft. below
stream bed, or the ground surface is less than 15 ft. above bedrock. The cores shall
extend a minimum of 15 ft. into bedrock.

For drilled shaft foundations, it is important to have the 24 hour delayed groundwater level
reading for use in design and construction. In some cases, it can be very challenging or
impractical to obtain a 24 hour delayed groundwater reading. This may be due to several
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factors including use of drilling fluid, artesian groundwater conditions, or collapse of the
borehole. Site access constraints and proposed foundation locations may also be such
that borings are located where it is a safety concern to leave the borehole open and/or the
maintenance of traffic for overnight lane closures is cost prohibitive to obtain the 24 hour
delayed reading. For such occurrences, a piezometer(s) or groundwater monitoring
well(s) should be installed to establish the long term groundwater elevation for a project
area as an alternative means to determining the delayed groundwater level.

For construction within the City of Chicago, vane shear testing may be required. The City
of Chicago (2015) has an Existing Facility Protection (EFP) Review process. This includes

construction permit processing through the Office of Underground Coordination (OUC)
within the Chicago Department of Transportation (CDOT), Division of Infrastructure
Management. Both private and public developments which have excavations, foundations
or earth retention system penetrations equal to or greater than twelve (12) feet below
adjacent Public Way grade are subject to OUC review and permitting for construction.
Requirements by the OUC include vane shear testing of soft clays (Q, < 0.5 tsf) for earth
retention systems and drilled shafts for a minimum of 2 borings be included in the
Geotechnical Report. (The requirements listed above will need to be verified with the City
of Chicago before beginning subsurface exploration and adjusted as appropriate.) See
Section 4.4.5.1.2 for information on vane shear testing.

3.4.3.3 Borings for Culverts

Borings should be obtained for culverts with cross sectional openings greater than 12 square feet.

Estimate the culvert length and plan a boring program according to the following schedule:

a) Take one boring at each end of the culvert, in a staggered pattern. If the culvert is skewed,

the two borings should be obtained adjacent to the two longest wingwalls.

b) If horizontal cantilever wingwalls are anticipated and stage construction is required, no

wingwall borings would be needed. However, at least one boring should be made, as
close as possible, to the roadway/culvert centerline. The soils information from such a
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boring will be necessary for the design of stage construction sheet piling, or other shoring
methods.

c) If culvert length is from 75 ft. to 150 ft., take an additional boring at mid length.

d) Take an additional boring for each culvert length increase of 75 ft. increments. The borings
should be spaced, as evenly as possible, along the length of the culvert.

e) All culvert structure borings should be drilled to a depth of at least 2.0 times the fill height
(the distance between the proposed crown grade and the flow line), unless bedrock is
encountered first.

f) Rock cores should be obtained when the bedrock appears to be at the bearing elevation
of the culvert or wing wall footings. The cores shall extend a minimum of 10 ft. into

bedrock.

3.4.3.4 Borings for Retaining Walls & Other Earth Retention Systems

The wall type, location, and limits are often not complete at the stages of a project when borings
are required. Therefore, discussions with the structural engineer are critical to determine the
preliminary type, size and location. In addition, the Project Report and any other preliminary
analyses or information which gives indications of likely wall heights and locations (stations,
offsets, and lengths) should be used. The following general guidelines should be used, to develop
an adequate subsurface exploration program:

a) Take a minimum of 2 borings per wall.

b) For walls less than or equal to 20 ft. in height, use a maximum boring spacing of 75 ft.

c) For wall heights greater than 20 ft., use a maximum boring spacing of 50 ft.

d) If possible, one boring should be located near the expected highest portion of the wall.
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e)

f)

The above borings should be located along the proposed wall face. Additional borings
should be taken every 200 ft. behind the wall, at a distance equal to the wall or so to define
the soil profile in the transverse direction to the wall if possible.

Borings should be continued to sufficient depths, well below the anticipated wall bottom,
to determine the complete subsurface profile behind and below the anticipated wall and
allow the estimation of pile lengths, if necessary. At a minimum, the boring should be
completed to a depth of 2 times the exposed wall height unless bedrock is encountered
first.

Rock coring should be conducted when the bedrock appears to be at the bearing elevation
of the wall. A minimum of one boring should be cored per wall with additional rock coring
at 150 foot boring spacing intervals for longer walls. The rock cores shall extend to a
minimum depth of 10 ft. into bedrock.

For earth retention structures with top-down excavation below the existing grade, it is
important to have the 24 hour delayed groundwater level reading for use in design and
construction. In some cases, it can be very challenging or impractical to obtain a 24 hour
delayed groundwater reading as discussed in Section 3.4.3.2 Item h). For such

occurrences, a piezometer(s) or groundwater monitoring well(s) should be installed to
establish the long term groundwater elevation for a project area as an alternative means
to determining the delayed groundwater level.

For construction permitting within the City of Chicago (2015), vane shear testing of soft
clays (Q, = 0.5 tsf) may be required for earth retention structures with excavation equal to

or greater than twelve (12) feet below the existing grade (for a minimum of 2 borings) to
be included in Geotechnical Report. (The requirements listed above will need to be verified
with the City of Chicago before beginning subsurface exploration and adjusted as
appropriate.) Refer to Section 3.4.3.2 Item i) for further information on the City of

Chicago’s requirements, and see Section 4.4.5.1.2 for information on vane shear testing.
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For retaining walls with a maximum exposed height of 7 feet or less, the need for borings vary
depending on the type, size, location, and function of the wall. In such cases, the need for borings
on these minor wall structures shall be determined by the DGE.

3.4.4 Special Investigation Explorations

There are several types of subsurface explorations which lie outside of those typical of Roadway
and Structure Geotechnical Reports. These fall under the Special Investigations Explorations
category as they are routinely performed as separate projects. However, some of these
explorations may be incorporated into a Roadway or Structure Geotechnical Report as
appropriate for a specific project.

3.4.4.1 Traffic Structure Borings

A boring program is required for sign trusses and high mast lighting, and it is recommended for
traffic signals mast arms. A boring program may also be recommended for other uncommon,
non-standard traffic structures which require shaft foundations, and the FGU should be contacted
for guidance in such cases. These structures have high overturning loadings mainly due to wind,
and some of these structures may have only a single shaft foundation with no redundancy. Thus,
knowing the soil parameters at the shaft station and offset are extremely important to assure a
safe design.

Unless specified otherwise in the following sub-sections, an SPT split-spoon (structure) boring
should be drilled, at the foundation location, to a depth of at least one sample interval beyond the
assumed shaft depth “D". The results of the SPT (N value), and the Rimac Q,, tests should be

recorded on the boring logs. Samples should be taken to the lab for moisture content
determination. The Q, values should not be obtained from the pp test on auger cuttings. This

may be done only if the boring location cannot be accessed by a drill rig, in which case a hand
auger must be used instead. In soft clays, the Q, obtained from the pp test on auger cuttings

significantly underestimates the actual in situ soil strength. This would unnecessarily require a
deeper boring and a larger foundation size. If bedrock is encountered prior to reaching the bottom
depth of the proposed shaft foundation, rock cores shall be obtained. The rock cores shall extend
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to a depth of at least 75% of the remaining foundation shaft length or a minimum of 5 ft., whichever
is greater.

3.4.4.1.1 Sign Structure Borings
For sign structures, contact the designer to determine the proposed type and size of sign

structure. This information is used to determine the standard foundation depths. For Cantilever,
Butterfly, Tri-Cord, and Single and Double Monotube sign structures, the foundation shaft depths

are shown on the base sheets. These base sheets are available on the IDOT web site and are
contained in the Sign Structures Manual. Simple Span Overhead sign structure foundation shaft

depths are provided in Section 2.1 of the Sign Structures Manual, and these depths are based on

span length and sign area. Borings for sign structure foundations should be drilled to a depth of
at least one sample interval beyond the structure’s standard foundation depth. If the average Q

is less than 1.25 tsf, extend the boring to a depth equal to 1.25 times the standard shaft depth
divided by the average Q,, obtained while drilling the base sheet or design table shaft depth.

3.4.4.1.2 Traffic Signal Mast Arm Structure Borings

For traffic signal mast arm foundations, drill the boring to a depth of at least one sample interval

beyond the standard shaft foundation depth shown in the design table of Highway Standard
878001. When the average Q, is less than 1.0 tsf, extend the boring to a depth equal to the

standard shaft depth divided by the average Q,, obtained while drilling the standard shaft depth.

3.4.4.1.3 High Mast Lighting Structure Borings

For high mast lighting towers, use the design table in Highway Standard 837001 to obtain the

minimum required boring depth. From the design table, the shaft length varies depending on the
height of the tower and the average strength of the soil. The boring depth should be drilled to at
least one sample interval beyond the standard shaft foundation depth shown in the highway
standard design table. The average soil strength should be computed during the drilling and
compared with the design table to determine the required boring termination depth.
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3.4.4.2 Noise Abatement Wall Borings

Noise abatement walls (noise walls) are typically founded on drilled shafts. SPT borings for noise
walls should be drilled to a minimum depth of 15 ft. below the bottom of the proposed noise wall
panel. If rock is encountered within this depth, the borings should be extended 10 ft. into the rock.

Borings should be located along the wall alignment at evenly spaced 200 ft. intervals. If the
subsurface conditions are found to be non-uniform or the existing terrain along the proposed wall
alignment is highly variable, the boring spacing may be decreased to 100 ft. at the direction of the
DGE. If practical, one of the borings should be located as close as possible to the location of the
maximum exposed wall panel height.

3.4.4.3 Shelby Tube Borings

Shelby tube borings are drilled in order to obtain intact (relatively undisturbed) soil samples for
more detailed testing. Generally, Shelby tubes are taken in weak cohesive soils (Section 4.4.4.6).

They are necessary when embankment slope stability and/or settlement are judged to be
marginal, or below design standards. The accepted IDOT practice is intact (relatively undisturbed)
Shelby tube sampling and laboratory testing would be necessary if the stability analysis, based
on split-spoon samples, yields a safety factor less than 1.5 for embankments, or 1.7 for cut
slopes. For slope stability and settlement analyses: unconfined (laboratory) compression tests,
triaxial compression tests, unit weight tests, moisture content tests, and visual soil descriptions
(i.e. color and texture) are performed. Atterberg limits, plasticity index (Pl) and particle size
analysis tests may be performed. For settlement analysis, consolidation tests are also performed.

If low strength, compressible soils are encountered, and the boring is at or adjacent to a new or
higher proposed fill, the DGE should be contacted to determine if intact (relatively undisturbed)
samples should be obtained for additional testing. If time does not permit a more rigorous analysis,

critical soil strengths can be approximated by the equation:

Qu critical (tsf) = Fill Height (ft) +~ 35 (Eq. 3.4.4.3-1)
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When the Q, for the structure boring is less than the Q critical, Shelby tube borings should be

made and analyzed for stability.

Also, as a rule of thumb, Shelby tubes are required to accurately quantify settlements, when the
fill height is greater than 15 ft. and the moisture content is in excess of 25%.

3.4.4.4 Pavement Coring

Evaluation of existing pavement conditions is not a geotechnical function. It is the responsibility
of the district’s bureau of Program Development in coordination with the district Materials Section.
However, the district Geotechnical Unit is routinely tasked with obtaining pavement cores since
this unit is staffed and equipped to successfully accomplish this function. Scoping of the number
and locations of cores is typically performed by the designers and/or the District Mixtures Control
Engineer.

Where drainage and/or subgrade support concerns are suspected to attribute to pavement
deterioration, additional testing and sampling of the underlying base/subbase and subgrade
materials at the core location is warranted. Testing and sampling commonly include DCP tests
through the core hole and sampling for soil index property tests. This is a geotechnical function
and requires coordination with the DGE.

Refer to Chapter 53 of the BDE Manual for additional guidance and information regarding

pavement coring.
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3.4.4.5 Pavement Rubblization Geotechnical Studies

Rubblization is the process of breaking up existing Portland Cement Concrete (PCC) pavements
into pieces. Generally, 75% of the upper half of the existing pavement is required to be broken
up into pieces not greater than 3 inches, and 75% of the lower half of the pavement is required to
be broken up into pieces not greater than 9 inches. The pavement, in effect, becomes a high
quality, free draining aggregate base. Rubblization differs from new construction in that the
subgrade cannot be modified or improved. Generally, if the existing PCC pavement is less than
6 inches thick and/or is supported on weak subgrade soils, rubblization is probably not a viable
option. This is because the rubblization process would likely cause a significant percentage of
the rubblized pieces of the existing PCC pavement to sink into the subgrade such that it is no
longer satisfactory for its intended use as a base. Due to the cost of remediation for cases like
this, reconstruction is likely the more economical option compared to a rubblization (combined
with overlay) procedure. Therefore, a thorough geotechnical study is necessary in order to obtain
the necessary information to determine the feasibility of rubblization. The necessary information

is as follows:

e The existing pavement cross section and the condition of each pavement layer, including
overlays and subbase.

e The rubblized pavement and subgrade stability, for supporting construction activities.

e The shoulder pavement and subgrade stability, to support traffic for construction
staging.

e The subgrade IBV, IBR and SSR, based on field and lab tests or available data.

e The locations where undercuts or alternative rehabilitation should be used.

e The condition of existing underdrains and the need for replacement.

o The groundwater elevation.

The DGE will determine the type and extent of geotechnical study needed, for a rubblization
project. Section 54-5.03(b) of the BDE Manual should be referred to for guidance in the scoping
process, and a copy of the special provision for rubblizing PCC pavement also can be obtained
from the Pavement Technology Section in the Bureau of Research (unless it becomes available
in the next update to the IDOT Standard Specifications for Road and Bridge Construction). As a
minimum, a study consists of the following two phases:
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a)

Preliminary Soils Review — In this phase, the DGE should review available
Geotechnical Reports, plans and cross sections of the existing pavement, and the
USDA/NRCS County Soil Survey Reports (Section 3.2.2.3.2). Based on the available
data, the SSM, and the SSR; the pavement and subgrade conditions should be analyzed.

This step is a screening process intended to eliminate sections which will most likely
fail the Subsurface Exploration phase, due to weak subgrade. The DGE must provide the
designer with the preliminary information and discuss the feasibility of the rubblization
option.

Subsurface Exploration — The DGE must prepare a pavement coring, DCP, and soil
sampling and testing plan for the section, to confirm the preliminary soils review. In
general, a minimum of 3 pavement cores per lane-mile should be taken. However, if core
locations are staggered between lanes, then a minimum of 2 pavement cores per lane-
mile may be taken. The core spacing may be decreased, depending on cuts, fills, soil
types and available data. After the pavement core is removed, the DCP test is conducted
in the hole to determine the subgrade IBV. It is preferable to record single blow increments
to a depth of 30 in. If a granular base exists, the DCP may be driven through it and the
depth estimated from the IBV. A bulk soil sample in the range of 6 to 8 Ibs. should be taken
from the core location and stored in an airtight container for later testing, if required. A
minimum of 1 DCP test per 1,000 ft. must be conducted along the shoulder, as close to
the pavement to be rubblized as possible, to support public traffic during a staged
construction. This testing frequency may be reduced when the shoulder will not support
traffic. Care should be taken to avoid any damage to existing underdrains or other
underground utilities.

The need for laboratory testing of field samples depends on the results of the field survey.
After the field survey is complete, typical IBVs and the condition of each pavement layer
are determined. The SSM should be used to determine whether or not the existing
rubblized pavement (including the subbase and other pavement layers) provides enough
cover over the subgrade. Section 54-5.03(b) of the BDE Manual should be used to
determine the viable method(s) of rubblization. If the total thickness of these layers
exceeds the minimum needed, then rubblization is viable. If results are marginal, the field
soil samples must be tested for the in situ moisture, AASHTO M 145 classification and
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group index, particle size, and organic content. From this data, the DGE will determine
whether or not the subgrade may become further weakened from higher moisture or heavy
loads.

For reporting requirements, see Section 7.5.1 of this Manual and Section 54-5.03(b) of the
BDE Manual.

3.4.4.6 Slope Failures

The DGE will determine the type and extent of geotechnical study and exploration for remediating
slope failures. Each project is tailored depending on factors including the size of the failure,
location, and risk to the operational function and safety of the roadway corridor. If required, the
DGE should contact the Central Office Geotechnical Engineer at the CBM for assistance.

3.4.4.7 (Reserved)

3.4.4.8 Bedrock Sounding and Coring

In areas where the geologic information or logs (obtained from the preliminary soil exploration)
indicate the presence of rock near or above final grade, sufficient soundings or probes must be
made to delineate the profile and cross section of the bedrock surface. Rock sounding may be
made by any means capable of delineating the top of the rock unit. Such methods may include
hand or power auguring, pushing a pipe, using a tile probe, or using a truck mounted percussion
rig. Also, it may require geophysical investigative means in some circumstances.

Preliminary soundings can be made at intervals of approximately 200 ft. along the centerline
(preferably, at alternate stations) to determine whether rock will be encountered at an elevation
above the proposed ditch grade. In areas of varying topography, it may be advantageous to
deviate from the regular plan by taking soundings at the highest and lowest contour points.

If it is determined that rock will be encountered during construction of the project, additional

soundings must be taken to estimate rock excavation. These soundings are usually taken at 50
ft. intervals along the centerline and at both ditch lines. If there is more than one pavement,
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rock soundings should be taken in this manner along both lanes, unless the rock surface is
relatively even, and reasonable predictions can be made by considering the multiple lanes as one
unit. In cases where the rock surface is very uneven, or where the rock surface slopes
transversely to the centerline, additional soundings may be required for accurate profiling of the
surface.

Sulfficient rock core borings should be made into the rock, in conjunction with the soundings, to
determine the type and condition of the rock. These borings should extend a minimum of 12 in.
below the proposed ditch line, and preferably 24 in. below the proposed grade line (PGL).

Accurate estimates of the rock volume are required to establish reasonable pay quantities for
rock excavation. Good documentation of the rock characteristics, in the contract, will help reduce
the incidence of changed conditions during construction.

In some cases, geophysical surveys (especially the seismic method), can be very useful in
mapping the bedrock surface. These surveys should be conducted in conjunction with a nominal
number of borings, to check the accuracy of the seismic survey. Geophysical surveys require
specialized knowledge to properly interpret the data.

3.4.4.9 Peat Soundings

Peat, and other soft, or highly organic deposits present special problems for highway
construction. Thus, whenever deposits of peat or other highly organic materials are encountered
within the proposed R.O.W., soundings must be made at sufficient intervals to accurately
determine the extent of peat, or other soft material present. If the peat is not more than 3 to 5 ft.
deep, this can ordinarily be done with a hand or power auger. For deeper peat deposits, however,
the Michigan (Davis) peat sampler is the most useful tool.

In most cases, soundings of the bottom of the deposit should be made at 50 ft. intervals, both
longitudinally and transversely in the R.O.W. Additional intermediate soundings may be
necessary to accurately profile the bottom, where appreciable changes in depth are found
between soundings. For embankments, the soundings should extend a minimum of 50 ft. beyond
the toe.
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Some highly organic deposits are underlain by extremely soft, fine grained materials (often partly
mineral, partly organic) called Marl. These materials usually have excessively high moisture
contents, and can cause slope stability problems, and/or settlement of the embankments placed
on them. Shelby tube samples of the soft sediments should be obtained for consolidation and
shear strength testing. The data is used to make reasonable estimates of the depth of excavation
necessary to provide a stable embankment.

In some cases, the surface of an organic deposit may be covered by materials which have been
transported in by flowing water, subsequent to the peat formation. The organic material, which
is covered by these deposits, may be somewhat more compressed than in open swamps.
However, the organic material is quite compressible when subjected to the weight of
embankments of reasonable height. It is extremely important that such soil areas be located and
thoroughly explored, during the soil survey.

3.4.4.10 Groundwater Elevation Observation

Groundwater levels are routinely observed and recorded while conducting subsurface
explorations through soil borings, test pits, and road or stream cuts. These observations are
normally performed over a very short time period of about 24 hours. Occasionally conditions
warrant groundwater observations over a longer duration. Observation of changes in excess pore
water pressure during embankment construction and settlement is one of the most common
applications. However, groundwater elevation observation may also be a component in the long
term monitoring and evaluation of areas with document slope movements. For long term
observation of groundwater levels, groundwater observation wells (piezometers) should be
installed and are discussed further in Section 4.6.1.

3.4.4.11 Detention Ponds and Wetlands

Studies required for detention ponds and wetlands are, generally, site-specific. Therefore, it is
difficult to generalize requirements for the explorations of such sites. For very preliminary studies,
the best sources are USDA/NRCS soil survey publications.
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3.4.4.12 Borrow Pits

Borrow pit investigations are primarily directed toward determining the suitability of the soil at a
site for use in embankment construction. Contractors are typically required to identify and
propose potential borrow pits during construction. However, IDOT supplied borrow sites may also
occasionally exist. Once a borrow pit has been proposed by a contractor or an IDOT supplied
site is designated, personnel representing the Department perform subsurface exploration,
sampling and testing to determine suitability of the soil(s).

Exploration and sampling of borrow pits are typically performed by open cutting and bulk sampling
methods. However, borings may be necessary for deep pits or IDOT supplied borrow sites. The
number of investigation points (borings and/or bulk sample locations), spacing, and sampling
frequency should be sufficient to determine the soil types and layer thicknesses within a proposed
site. The appropriate number of investigation points will be dependent on a site’s stratigraphy.
Since excavation will frequently intermix soil units, thin soil seams within thicker units generally
do not need to be tested separately. However, deleterious properties, of even thin soil seams,
should be noted and their placement monitored during construction. In general, representative
soil samples should be obtained from a proposed borrow pit to facilitate testing and determination
of Atterberg limits (liquid limit and plasticity index), particle size analyses, AASHTO M 145 group
classifications, lllinois textural classifications, organic content, and moisture-density relationships.
In some cases, tests for remolded compressive strength, Immediate Bearing Values (IVBs), or
lllinois Bearing Ratios (IBRs) may also be appropriate.

Stability of a site can also be a concern and should be evaluated when warranted. The
requirements in Section 204 of the IDOT Standard Specifications addressing aesthetic concerns

of slopes for Borrow and Furnished Excavation are typically sufficient to alleviate potential stability
problems.

3.4.5 Field and Laboratory Testing of Samples

The material properties and characteristics of soil and rock samples are determined through a
variety of standard field and laboratory tests. Chapter 4 and Chapter 5 of this Manual provide

more details on the field and laboratory test methods, respectively. This section presents the
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Department’s standard practice regarding the type and frequency of testing for soil and rock

samples obtained during field explorations. The determination of any additional testing is done

on a project specific basis in order to obtain sufficient information to facilitate a cost effective,

safe, durable, and functional design.

SPT Borings:

Rimac: Perform field Rimac Q,, tests on every split-spoon sample recovered unless the

sample cannot hold shape (cohesionless, low strength, or fractured) or is insufficient in
length for testing. When possible, perform Rimac Q,, tests on each soil type recovered if

there is a change in material within the split-spoon sample.
Pocket penetrometer: If the sample recovered in the split-spoon is cohesive but not

sufficiently intact for Rimac testing, then pocket penetrometer testing is permissible.
Moisture content: Perform laboratory moisture content determination on each split-

spoon sample and on each soil type if there is a change in material within the split-spoon.

Shelby Tubes:

Tube sampling frequency (all applications): Shelby tubes borings are taken for use in

analyses of settlement and slope stability. The tubes shall be taken continuously through
the entire depth of the boring. The exception to continuous tube sampling is that it may
gap layers of cohesionless soils if the Shelby tube boring is taken within 15 ft. of a
corresponding SPT boring.

Slope stability applications: When Shelby tubes borings are taken for applications of

only slope stability analyses, the minimum laboratory testing requirements for each tube
are as follows:
o Sub-divide the recovered material in the tube into 6 to 8 inch intervals. Descriptions
of each of the sub-divided segments using visual-manual identification.
o Provided that the sample is sufficiently intact among the sub-divided segments,
perform a minimum of one (1) unconsolidated-undrained (UU) triaxial test or one
(1) consolidated-undrained (CU) triaxial test with corresponding density (unit
weight) and moisture content determinations.
o On each of the remaining segments, perform unconfined compressive strength
tests with density (unit weight) and moisture content determinations.
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o Settlement applications: For applications where only settlement analysis is planned, the

minimum laboratory testing requirements for each tube are as follows:

O

Sub-divide the recovered material in the tube into 6 to 8 inch intervals.
Descriptions of each of the sub-divided segments using visual-manual
identification.

Provided that the sample is sufficiently intact among the sub-divided segments,
perform a minimum of one (1) one-dimensional consolidation test with
corresponding density (unit weight) and moisture content determinations.

On each of the remaining segments, perform unconfined compressive strength
tests with density (unit weight) and moisture content determinations.

o Settlement and slope stability applications: Where both settlement and slope stability

analyses are planned, the minimum laboratory testing requirements for each tube are as

follows, provided that the sample(s) is sufficiently intact:

O

Sub-divide the recovered material in the tube into 6 to 8 inch intervals. (Using 7.5
inch lengths work well on 3” diameter tubes to obtain 4 sub-dived segments.)
Descriptions of each of the sub-divided segments using visual-manual
identification.

Choose an appropriate specimen(s) for consolidation testing. Perform a minimum
of one (1) one-dimensional consolidation test with corresponding density (unit
weight) and moisture content determinations.

A triaxial sample will then be chosen from a sample of similar material directly
adjacent to the previously chosen consolidation sample. Perform a minimum of
one (1) unconsolidated-undrained (UU) triaxial test or one (1) consolidated-
undrained (CU) triaxial test with corresponding density (unit weight) and moisture
content determinations.

Additional samples for triaxial testing shall also be chosen if there is a change in
material within the length of the tube, and particularly for material types that are
not normally tested for consolidation properties, e.g. sandy and/or highly-silty
materials.

On each of the remaining segments, perform unconfined compressive strength
tests with corresponding density (unit weight) and moisture content
determinations.
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Rock Cores:

o After the RQD has been determined, perform laboratory uniaxial compressive strength

tests with corresponding density (unit weight) and moisture content determinations on as

many segments of the core as possible where samples can be cut to sufficient length and

be intact for testing.

Subgrade Borings:

e Borings taken for roadway subsurface profiles may be obtained by several methods at

continuous sample intervals. For samples obtained with either push-spoons or SPT split-

spoons, the follow field tests are required:

O

Rimac: Perform field Rimac Q , tests on every spoon sample recovered unless the

sample cannot hold shape (cohesionless, low strength, or fractured) or is
insufficient in length for testing. When possible, perform Rimac Q,, tests on each

soil type recovered if there is a change in material within the spoon sample.
Pocket penetrometer: If the sample recovered in the spoon is cohesive but not

sufficiently intact for Rimac testing, then pocket penetrometer testing is
permissible.

e For samples obtained with other methods such as hand augers where samples are not
sufficiently intact for Rimac Q,’s, then pocket penetrometer testing is permissible.

e Laboratory testing: In every fifth boring along the alignment and for every material change

throughout the depth of that boring shall have the following laboratory index property tests

for classification. If there is a change in soil type in the borings located between the

borings receiving full depth testing, then these soil types shall also have the following

laboratory tests:

O

Moisture content: Perform laboratory moisture content determination on each

split-spoon sample and on each soil type if there is a change in material within the
split-spoon.
Atterberg Limits

Grain size distribution with hydrometer
IDH and AASHTO M 145 Classifications
Other tests as required by the DGE
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Bulk Samples:

e Bulk samples obtained in proposed cut and at-grade (subgrade) sections for material
anticipated to be used as fill or part of the upper 2 feet of proposed subgrade shall be
tested for:

o Standard Proctor (Moisture-Density Relationship test)
o Atterberg limits

o Grain size distribution with hydrometer

o Other tests as required by the DGE
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Chapter 4 Subsurface
Explorations & Field Testing

4.1 Introduction

Subsurface explorations and subsequent laboratory testing are both key to providing quality
recommendations for a project. An exploration should sufficiently characterize the geological
profile and subsurface material properties at a site. As such, due diligence is required when
formulating and executing a Subsurface Exploration Plan (SEP). The number, locations, and
potential depths of drilled borings as well as other site sampling and testing methods should be
carefully planned. Care should also be taken during the exploration such that representative
samples of good quality are obtained and completely documented. Field test results should
accurately measure and reflect conditions encountered at a site as well as be interpreted with the
requisite level of expertise. The results of laboratory tests conducted on samples taken in the
field provides the last set of information required for the geotechnical engineer to perform final
analyses and make sound recommendations for design. Insufficient, poorly planned, and/or
poorly executed subsurface explorations may result in unanticipated discovery of weak, wet, or
frost susceptible soils; or inaccurate predictions of soil behavior during construction that can
potentially lead to expensive delays and redesigns.

This chapter discusses Department policies, general processes and procedures for successfully
planning and conducting subsurface explorations to adequately assess the subsurface conditions
on highway projects. Subsurface monitoring practice guidance and routine construction material
field test methods are also discussed in the latter sections of this chapter.

4.2 Field Test Equipment Calibration, Verification, Standardization and Check
Requirements

Subsurface exploration and field testing equipment is required to be calibrated at minimum
specified intervals as a means to ensure equipment is accurate and dependable. However, heavy
use or specific test requirements may dictate the necessity for more frequent calibration,
verification, standardization or checks. Equipment calibration, verification, standardization and/or
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check records shall be maintained by the owner of the equipment and made available during
laboratory inspections. Consultants shall submit copies of calibration, verification, standardization
and/or check records as required by the Department. For specific projects, consultants shall also
submit calibration, verification, standardization and/or check records for SPT hammers and Rimac
spring testers to the DGE as an attachment to subsurface exploration plans.

CBM Policy Memorandum 21-08.3, “Minimum Department and Local Agency Laboratory

Requirements for Construction Materials Testing or Mix Design” (Table 2) provides information
on calibration, verification, standardization and check intervals for various types of soils testing
equipment. If calibration, verification, standardization and/or check intervals for equipment are not
covered under BMPR 21-08.3 (or current version) or other Department policies, the calibration,
verification, standardization and/or check interval shall meet requirements of the applicable test
standards. New equipment shall be inspected to verify that it is within allowable tolerances and
calibrated prior to use with subsequent calibrations, verifications, standardizations and/or checks
performed at the minimum specified intervals.

Two of the most common subsurface exploration tests used by the Department are the Standard
Penetration Test (SPT) and the field unconfined compression test (commonly called the Rimac
or Q, test). Equipment calibration, verification, standardization and check requirements for these

tests are as follows:

e When conducting an SPT (AASHTO T 206), the energy being delivered from the drill rig’s
hammer to the drill rod can vary significantly from one hammer to another. To determine
the average hammer efficiency (Energy Transfer Ratio, ETR), hammers used for SPTs
shall be tested a minimum of every five years as required for consultant prequalification

(see IDOT’s Description and Minimum Requirements for Prequalification publication

under the “Prequalification” drop-down tab). The testing of a drill rig hammer shall be
according to ASTM D 4633, “Standard Test Method for Energy Measurement for Dynamic
Penetrometers”. This testing is typically performed using specialized equipment and
software that monitors the velocity and force delivered from the hammer to the drill rod
string.
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e Rimac spring testers (Section 4.4.5.2.1) used to perform field unconfined compression

tests shall be inspected and standardized a minimum of every two years in accordance
with CBM Policy Memorandum 21-08.3, “Minimum Department and Local Agency

Laboratory Requirements for Construction Materials Testing or Mix Design” (Table 2).
Standardization of a Rimac can be performed by loading a pre-calibrated spring with a
known constant and checking the Rimac load gauge.

The CBM provides calibration, standardization and limited repair services for Department owned
Rimacs, nuclear gauges, and slope inclinometers.

4.3 Departmental Subsurface Exploration and Testing Resources

The Department has a variety of subsurface exploration equipment in its inventory. Truck
mounted rigs are the most common, and some Districts have all-terrain capabilities. Most Districts
staff one drill crew year round with additional crews potentially added in the winter, if and/or when
supplemental personnel are available.

The following is list of equipment at the CBM that may be made available for loan to the Districts
upon request:

e Slope Inclinometer Equipment (SINCO Company - 1973)
o AASHTO T 254 Installing, Monitoring, & Processing Data of the Traveling Type
Slope Inclinometer
o ASTM D 6230 Monitoring Ground Movement using Probe-Type Inclinometers
e Soil Stiffness / Modulus Using Geoguage (Humboldt Mfg. Co. — 2005)
e Pile Driving Analyzer (Pile Dynamics, Inc. — PAX model)

4.4 Conducting Subsurface Explorations
The purpose of this section is to provide guidelines to adequately assess the subsurface
conditions on highway projects. The success of the subsurface exploration program rests

primarily with the personnel in the field who supervise the drilling operation, obtain and test the
soil, and prepare the boring logs. These personnel make crucial determinations of site and soll
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conditions, based on material encountered in the field. They are required to modify the boring and
testing frequency to provide the necessary data, in the time frame allotted. On consultant drilled
projects, approval shall be obtained from the DGE prior to proceeding with major deviations from
the approved Subsurface Exploration Plan.

Subsurface explorations generally follow AASHTO R 13, “Standard Practice for Conducting
Geotechnical Subsurface Investigations” except that Geophysical Surveys are conducted as
Special Investigations when required by the DGE.

4.4.1 Advanced Field Preparation

Prior to mobilizing field exploration equipment, decisions should be made that take into account
the required amount of information necessary to be gathered for the proposed scope-of-work for
a particular project. Cost and feasibility of field explorations as well as property access issues,
traffic control, and presence of utilities are also important items that should be considered.

This section is provided to apprise the DGE and the field boring crews, or the consultants for
IDOT, of the various requirements for securing subsurface data. The requirements stated herein
may not be all inclusive. They are provided as a basis for preparing a checklist of items which
should be developed prior to beginning any field studies. This manual does not address sampling
or testing requirements of hazardous or special waste materials. The “Manual for Conducting
Preliminary Environmental Site Assessments for lllinois Department of Transportation Highway
Projects”, issued in 1996, contains information on subsurface explorations for some
environmental purposes. For further information on special waste (hazardous or non-hazardous)
investigations, contact the BD&E.

4.4.1.1 General Requirements

a) Obtain all permits and licenses from the appropriate authorities. Obtain permission for
any work to be done on public or private property.

b) Identify utilities in the area and maintain a safe working distance from both overhead and
buried utilities. If practical, have power lines de- energized and grounded, or temporarily
moved.
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c) Determine if any environmental or archeological clearances are required; or commitments
exist between IDOT and the property owner, and/or between the State and any other
concerned agency.

d) Review the history of the land use, through IDOT’s Land Acquisition Bureau or previous
land owner(s), to determine the potential for encountering any hazardous substances
during the subsurface exploration.

e) Inform the drilling crew of any possibility of encountering hazardous substances during the
subsurface exploration.

f) Determine if aquifers will be encountered, and what is the established water table
elevation.

g) Observe and comply with all federal, state, and local laws, ordinances, and regulations
which in any manner may affect the conduct of the work.

h) Ensure proper closure of all bore holes, according to applicable laws and regulations of
the State and local agencies. See Section 4.4.2.2 for guidance.

i) Take reasonable precautions against damage to any public or private property. Document
damage, and promptly repair (or make arrangements to pay) for any such damage,
according to IDOT requirements.

j) Determine grubbing or clearing necessary to provide access and working space at the
location of each boring.

k) Ensure the drilling equipment is adequately tooled and powered, to drill and sample all of
the anticipated soil and bedrock strata.

[) Check with the DGE before mobilizing, to determine if special drilling or sampling
procedures will be required.

m) Questions and clarifications should be directed to the DGE. The DGE may then refer the
questions to the appropriate Bureau.

4.4.1.2 Subsurface Exploration Plan

Consultant prepared Subsurface Exploration Plans (SEP’s) shall be submitted to the DGE for
review and approval. In some nonstandard or complex scenarios, the DGE may submit the
structures portion of the SEP to the FGU for assistance in their review and approval.
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4.4.1.3 Traffic Control

In order to minimize potential hazards to travelers and field personnel, appropriate traffic control
shall be provided when exploration activities are conducted adjacent to live traffic. Traffic control
shall be in accordance with applicable IDOT Highway Standards 701001 to 701901 and the Traffic
Control Field Manual (IDOT, 2016).

4.4.1.4 Locating Utilities

All utilities shall be located prior to any subsurface exploration. Most utilities can be located by
calling JULIE for downstate projects (outside the limits of the City of Chicago) or DIGGER in the

Chicagoland area at the numbers provided in Table 4.4.1.4-1.

Downstate lllinois: Chicagoland Area:

JULIE DIGGER
https://www.illinois1call.com/ https://ipi.cityofchicago.org/Digger
Call 811 or 800-892-0123 Call 312-744-7000

Table 4.4.1.4-1 Utility Location Contacts

When practical, boring locations and/or other excavation limits should be pre-marked prior to
having utilities located. A minimum notice of 48 hours is required for most utility location requests.
For more complex projects, an onsite joint meeting with the utility owners or their prescribed
locating companies may be required. However, a “ticket” has to be called in for each utility after
a joint meeting. Excavators should have a copy of the dig ticket with them on site.

The District and Municipal operations office should be contacted for the locations of buried
highway lighting and traffic signal cables, if drilling in areas likely to contain these cables, since
they are not covered by JULIE. Private facilities, such as railroads, are also not covered by JULIE
or DIGGER. In these circumstances, utility location should be coordinated with the owner.
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4.4.1.5 Permits

The first general requirement listed in Section 4.4.1.1 is to obtain all permits and licenses from

the appropriate authorities. This Manual does not cover all the permits and licenses required in
detail, and their need shall be determined based on the location and scope of proposed work for
a project.

Municipalities often have requirements and permitting processes for performing work with the
public right of way, and they should be contacted to determine the requirements for performing
subsurface explorations with their limits. One municipality permit requirement example is the City
of Chicago (2015), and their Existing Facility Protection (EFP) Review process. This process is

under the purview of the Office of Underground Coordination (OUC) within the Chicago
Department of Transportation (CDOT), Division of Infrastructure Management. Exploratory
borings and excavations of a certain depth within the Freight Tunnel System Area which is
bounded by Cermak Road, Halsted Street, Chicago Avenue and Lake Michigan are subject to
EFP Review and permitting. This is applicable to all Public Way and private property in that area.
Excavations within the City of Chicago that are outside of this boundary may also require
permitting and should be verified before beginning subsurface exploration.

4.4.1.6 Property Access and Right of Entry Requirements

When entry onto private property or public property owned by an entity other than the state is
required for drilling or access to drilling locations, the property owner and any tenants shall be
informed in writing prior to entry as required by Section 605 ILCS 5/4-503 as stated below.

Section 605 ILCS 5/4-503:
“For the purpose of making subsurface soil surveys, preliminary surveys and

determinations of the amount and extent of such land, rights or other property required,
the Department, or any county, by its officers, agents or employees, after written notice to
the known owners and occupants, if any, may enter upon the lands or waters of any
person, but subject to responsibility for all damages which shall be occasioned thereby.”
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District standard practices should be followed for the notification. Although not required, Districts
often utilize form letters and include an attachment indicating the proposed drilling locations and
alignment over an aerial photo with the affected property highlighted. Notification by Certified
Mail is recommended for documentation purposes.

It is advised that field personnel meet or verbally coordinate with the owner and/or tenant to
ensure safe access without conflict and disruption. Additional guidance can be found in Section
IV of the IDOT Survey Manual regarding property owner contact and right of entry.

Property entry is subject to all damages which result from such entry under Section 605 ILCS 5/4-
503. Field crews shall take all reasonable precautions against damage to public or private
property. Itis advisable to photograph the site before and after performing the work. Any damage
incurred shall be documented and promptly repaired (or arrangements made to pay for repairs)
in accordance with the Department’s policies and practices. The amount of clearing and/or
grubbing that may be necessary to provide access and working space at boring locations shall be
investigated prior to gaining access to the site. Remunerations for permanently altering a property
should be negotiated prior to the commencement of exploration operations when possible.

4.4.1.7 Bridge Decks

In cases where site access is limited, it may be beneficial for borings to be taken through a bridge
deck. However, prior approval is required from the district's bureau of Operations Bridge
Maintenance Section for all deck coring and depends on the existing superstructure design.
Superstructures constructed of precast prestressed concrete deck beams are one example of a
deck that cannot be drilled through.

4.4.2 Field Operations Site Control

After borings have been completed, they shall be properly closed and decommissioned in order
to avoid future problems for property owners. Proper closure and decommissioning are
necessary regardless of the boring location (State ROW, farm field, pasture, yard, etc.). In
addition, communication with the property owner is essential in conveying the anticipated site
disturbance and mitigation associated with the field exploration.
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