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There are many different approaches that are used in the pavement industry to perform
pavement and pavement-related geotechnical engineering functions for new roadways
and the preservation/rehabilitation of existing roadways. The majority of these existing
approaches are based on experience of the individuals performing those duties. There
are very limited documented sources of information for performing production-level
pavement engineering functions. In the few documented sources, the information is
typically not presented in a procedural manner and there is an expectation from the author
that the reader is an experienced and knowledgeable pavement engineer.

This Pavement & Geotechnical Design Guide was written for Maryland State Highway
Administration (MDSHA) pavement and geotechnical engineers in order to address these
challenges. This guide provides MDSHA pavement engineers with a process to evaluate
the condition of the pavement system to fulfill pavement and geotechnical design
requirements. The policies and procedures included in the guide are written to achieve
MDSHA Business Plan goals.

This guide can also be used by private industry engineers as a reference in performing
pavement engineering functions and it is a standard that shall be used when performing
work for any MDSHA project. This guide is the standard that Design-Builders shall be
held to in the development of new pavement design sections and preservation/
rehabilitation of existing pavement sections on Design—Build projects.

All of the position titles described throughout this guide are referenced to MDSHA
positions and roles. Private industry engineers may have different position titles. For that
reason, a current organizational chart for the engineering functions of MDSHA is in the
Introduction and Background of this guide to assist private engineers with understanding
the MDSHA structure.

MDSHA pavement and geotechnical engineering functions are performed by engineers in
the Pavement and Geotechnical Division of the Office of Materials Technology (OMT).
The senior and design engineers in that Division perform the majority of the production
pavement and routine pavement-related geotechnical design work for MDSHA. The
design Team Leader and Assistant Division Chief positions are responsible for the quality
and timeliness of all of the pavement engineering functions for the Division. Other field
data collection divisions in OMT support the design efforts of the Pavement and
Geotechnical Division.

Any questions or comments concerning this guide should be directed to:

Paulo DeSousa, P.E.

Pavement and Geotechnical Assistant Division Chief
Maryland State Highway Administration

Office of Materials Technology

7450 Traffic Drive

Hanover, MD 21076

Phone: 443-572-5061

Fax: 410-787-0486

E-mail: pdesousa@sha.state.md.us
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Section 01: Introduction and Background

1 OVERVIEW

1.01 INTRODUCTION AND BACKGROUND

This Maryland State Highway Administration (MDSHA) Pavement & Geotechnical Design
Guide provides a comprehensive set of procedures and policies to assist the pavement
and geotechnical engineer (also referred to in this document as “pavement engineer”) in
developing recommendations for new construction and pavement preservation/
rehabilitation projects. The audience this pavement and geotechnical design guide was
written for should have a basic background and general understanding of pavement
engineering.

The purpose of this document is to provide Maryland State Highway pavement engineers
a guideline to developing pavement recommendations that are consistent and accurate.
The goal of this document is to supply pavement engineers the guidance to have the ability
to provide pavement recommendations that are based on the most effective engineering
design considering cost to MDSHA, practicality of construction, and benefit in terms of
service life provided to the MDSHA pavement network.

Materials contained in the Guide are meant to be useful for both the training of new
employees and as a reference to be utilized as needed throughout the course of work.
This is a resource document. It is not intended to override or replace the necessary use
of good judgment, common sense and research of current best practices.

The MDSHA Pavement & Geotechnical Design Guide has several particular sections of
interest. Briefly:

o The section on Preliminary Procedures contains information on what to do when
an initial project request is received.

. The section on Testing & Data Collection provides guidance on testing
requirements and pavement/geotechnical data collection.

° Analysis Procedures provides the steps to analyze pavement/geotechnical data.

. The largest section, Pavement Preservation, Rehabilitation & Design, contains all
of the design procedures, including, new and rehabilitation pavement designs.

. The section on Geotechnical Design provides relevant routine geotechnical design
information.

° The Deliverables and Report section ties all of the analysis and design together to

ensure design recommendations are properly transferred to construction
contracts; and
° Several Appendices are provided as reference.

All of these sections are needed for developing pavement preservation/rehabilitation
recommendations and new pavement design sections for any MDSHA pavement
construction project.

MDSHA is currently responsible for approximately 17,000 lane-miles of roadway.
Approximately 62% of the pavement network is comprised of flexible pavements, 36% are
composite pavements, and less than 2% are rigid pavements. A large portion of the
pavement roadway network of MDSHA has a significant traffic volume. The environmental

Updated 12/05/2012 1-2
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and geological regions of Maryland lend themselves to a wide range of agricultural and
industrial commerce.

Maryland has three distinct regions that have different traffic and geology/soil conditions.
The eastern shore of Maryland is dominated with agricultural-based commerce and traffic.
The soil conditions on the eastern shore are dominated by sandy soils. The central portion
of Maryland is strongly metropolitan in business with a high percentage of industrial type
traffic motivated by the water ports. This central portion of Maryland is a piedmont area
dominated by silty clays, clays, and micaceous silts. The western portion of Maryland is
dominated by logging, extractive industries (coal, stone, etc.), and agriculture based
commerce as well as several major trucking routes that highly influence the traffic mix.
The western portion of Maryland is characterized by rocky and silty soils.

Although Maryland is a small state, there is a wide range of existing soil and geological
conditions, as well as unique traffic volume and weight trends that the MDSHA pavement
design engineer needs to possess knowledge of in order to make accurate pavement
recommendations.

MDSHA is currently structured into two separate functions for the purpose of completing
and maintaining construction projects, (1) Planning/Design and (2) Operations. The
MDSHA Administrator is responsible for overseeing and directing both functions to ensure
that MDSHA goals are achieved. Each function is completed by the efforts of several
offices. There are separate divisions under each office that complete more specific tasks
related to the completion of construction projects.

The Pavement and Geotechnical Division of MDSHA falls under the Office of Materials
Technology (OMT). OMT is responsible for the design and quality of all materials placed
in MDSHA projects. The Pavement and Geotechnical Division is responsible for the
design of all pavement structures in MDSHA projects. In addition, the Pavement and
Geotechnical Division is responsible for the data processing and analysis of all the network
level data collection for MDSHA roadways and its pavement management system (PMS).
Below is a general schematic of the MDSHA structure.

?Adminis*l‘rafor' . |

LPlonning/E;gineering I _ Qpera'rions

L

— Materials Pavement &

— Highway Development ' *l Construction l Desi
_I gn I

Geotechnical

| Traffic ] -
M Pavement
-{ Environmental Design l Management

— Maintenance I

‘ Bridge Development I

OMT has a diverse group of technical disciplines and operating functions. While other
offices are focused on their core mission as it relates to MDSHA, OMT is focused on the
long term durability and performance of all materials, especially roadway pavements and
bridge structures.
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OMT is divided into 3 material engineering divisions and 5 material quality divisions. The
material quality divisions are responsible for material testing, design, quality, and
acceptance. Part of the material engineering side, the Pavement and Geotechnical
Division is responsible for the design of all pavement and geotechnical features on
construction projects.

The Division has two sections: a Pavement Management section and a Design section.

Pavement Management (PM) handles all many pavement data collection activities, all
pavement data processing and analysis responsibilities, and several reporting functions
which support several MDSHA business plan goals and performance measures. PM runs
optimization routines several times per year in the Fund 77 program to determine (among
other things) predicted pavement performance based on given budgets, and
recommended projects and treatments to needed to meet that performance.

Design is responsible for all routine pavement and geotechnical engineering necessary to
advertise construction contracts. Design also works closely with District Operation
Engineers to support the design services required to treat pavements under areawide
maintenance contracts. Design has five Team Leader engineers that serve as "District
Contacts" that serve as points of contact for OMT to the Districts and all Project
Development offices within MDSHA for all preliminary engineering and planning services.

The following two charts are the organizational structure of OMT and the Pavement and
Geotechnical Division as of November 2012.

Updated 12/05/2012 1-4
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Other State agencies, the Federal government, Counties, Cities, and other local
municipalities are responsible for the remaining roadways in Maryland. Frequently in
these cases, these other agencies seek the assistance of the Pavement and Geotechnical
Division with regard to pavement recommendations. Therefore, in addition to the workload
of MDSHA construction projects, the engineers in the Pavement and Geotechnical
Division are often asked to assist and review other agencies’ construction projects.

Based on the work completed over the last several years and the existing transportation
budget, the Pavement and Geotechnical Division is responsible for approximately 1,200
design deliverables a year for MDSHA projects alone.

Updated 12/05/2012 1-7
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1.02 MDSHA PAVEMENT DESIGN OVERVIEW

The Pavement and Geotechnical Division is in transition between utilizing the 1993
“AASHTO Guide for Design of Pavement Structures” (and its subsequent revisions),
Remaining Service Life, and the “Mechanistic-Empirical Pavement Design Guide
(MEPDG)” July 2008 Interim Edition as the framework for its pavement design procedure.

The 1993 AASHTO guide documents an empirical procedure based on testing and data
collection from the AASHO road test in the late 1950’s and from subsequent refinements
and revisions.

Remaining Service Life (RSL) characterizes pavement condition and life in terms of
distress types that are collected for the network (i.e. ride quality, cracking, rutting and skid).
This is used to determine design targets for the pavement engineer, described further in
Design Input Policies. It is also used to account for the benefits of pavement preservation
treatments.

The 2008 AASHTO MEPDG guide documents a mechanistic-empirical procedure based
on several decades of research, and provides a much more complex, but more relevant,
approach to pavement design. The output of MEPDG is also put in measurable terms,
such as ride quality and cracking quantities.

The MDSHA Pavement Design Guide utilizes a majority of the AASHTO Guides for design
analysis and has made modifications to that procedure based on local knowledge,
available pavement data, material knowledge, past experiences, and knowledge and
resource base of pavement engineers.

In the simplest of terms, the goal of the MDSHA pavement engineer is to assess the
structural and functional needs of a roadway and develop pavement recommendations
that will provide an optimum benefit- to-cost ratio. The individual design tasks required to
achieve this goal are quite involved. In order to determine the structural and functional
needs of a roadway, specific pavement engineering design tasks need to be accomplished
as presented in the following diagram:

Data Collection I
v

Data Analysis I

v

Develop Treatment
Options

v

Selection of
Treatment Strategy
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The data collection effort involves the gathering of historical information of the roadway as
well as existing pavement and subgrade conditions. The data collection efforts include
the following tasks: records review, site inspections, visual condition survey, functional
condition data collection, and structural condition data collection.

The data analysis efforts involve assessing the functional and structural condition of the
existing roadway and subgrade in terms of useful life for design and material selection
tasks. Data analysis efforts include identifying uniform sections, material strengths,
existing distress types, and the existing pavement performance.

Developing treatment options involves identifying preservation and rehabilitation
techniques to correct existing distress types and meet the structural and functional
demands of the roadway.

The selection of a preservation or rehabilitation strategy for construction is based on the
most effective engineering design considering cost to MDSHA, practicality of construction,
and benefit in terms of life extension provided to the MDSHA pavement network.

The material selection portion of this pavement design overview requires knowledge of
the existing pavement materials available in specific regions of Maryland. A significant
amount of effort has been completed to develop policies in this guide for material selection.
These policies are intended to keep recommendations and material selection consistent
across different pavement design engineers and maintain consistency with current
construction issues and concerns. These policies are intended to take into account the
different environmental conditions across the state, material availability, material costs,
predicted material performance, existing material performance, traffic conditions, and
functional use of the roadway in the future.

Updated 12/05/2012 1-9
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2 PRELIMINARY PROCEDURES
2.01 INITIAL COMMUNICATION WITH REQUESTING OFFICE

Click to go to OMT Internal Meetings (OMT PI)

Click to go to Preliminary Engineering Cost Estimate

Click to go to Requests For Geotechnical Field work

Click to go to New Pavement Design

Click to go to Pavement Preservation & Rehabilitation Design

Click to go to Preliminary Pavement Recommendation

Click to go to New Pavement Design Using AASHTO 1993

Click to go to Pavement Preservation and Rehabilitation Design Using AASHTO 1993

2.01.01 General

This section outlines the types of communication that are expected the PAGD Engineer
and the other offices/agencies/divisions at the time the project/request is received to make
sure the project progresses smoothly. This section addresses only the initial
communication (i.e. First conversation/correspondence) with the lead office. Other
communication requirements are addressed in other sections of this guide.

Good communication between the PAGD Engineer and the Project Manager (PM) and
other divisions/personnel involved helps avoid misunderstanding between the agencies
involved.

2.01.02 Purpose
Good communication for the project is needed to:

o To keep all the involved offices/agencies/divisions updated regarding the main
project contact, progress and issues regarding the project

To determine project scope, deliverables, and expectations required of OMT
To inform the customer of general time and resources required by OMT

To help identify potential problems and issues

To ensure that the required data is provided to respective agencies/divisions
when necessary

° To help plan for future steps or issues that might arise

2.01.03 Resource Requirements

The communication with the requesting office is typically done by the PAGD Engineer in
the office. The communication requires the following staffing needs for a typical project:

. . Effort Level
Position Function Resources
(man-hours)
PAGD Engineer Phone/E-mail Notification 1 1*
PAGD TL Phone/E-mail Notification 1 1*

* The time required would vary depending on the size and complexity of a project.

2.01.04 Procedure

The procedure described in the following text should be followed when making the initial
contact with the PM of the requesting agency. The following procedure was written to
provide the PAGD Engineer with adequate information to initiate communication with

Updated 09/04/2013 2-1
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limited knowledge of the project. At the very least, the request and any plans or other
provided documents should be reviewed prior to making contact.

Certain steps in the communication process and other processes might overlap. It is
important to keep in mind that although these processes are broken out and written in
separate sections, they are a part of an overall process to deliver technically and
practically sound projects. The procedure described below is followed after receiving a
request/memo from a customer. The communication can be completed via a memo
request, e-mail request, or verbal request although a memo request and e-mail request is
preferred.

2.01.05 Preliminary Information Requested and/or Needed

The following section contains information that the PAGD Engineer needs to provide,
guestions to be asked of the PM and items required. This following list is not
comprehensive and all items and may not apply for all projects. The initial contact may
be completed via phone or e-mail correspondence.

° Provide the PM with the names of the immediate project contact (PAGD Engineer)
and of the PAGD TL. Request the PM to include these names in the distribution
list for all future correspondence and documents/plans to be sent.

o Obtain the charge number and the Contract number if it is not provided with the
memo/request. Ask the PM regarding federal participation and if the project is
funded for construction or for Preliminary Engineering only.

. Inquire if the project is a Design-Build project. If it is decided that the project will
be a Design-Build project, inform the PAGD TL since the project may have to be
reassigned (This applies to PAGD Engineer Consultants only).

o Verify the limits and the scope of work.

. Request plans (including profiles, typical sections), cross-sections and any other
relevant information if not provided.

° Request the project schedule and dates of major milestones (Pl Meeting, Semi-
Final Review, Final Review, PS&E, and Advertisement Date).

. Inform the PM of the estimated time needed to perform field work, lab work, design,
and generate report/recommendations.

° Verify the deliverables (Boring Data, Advanced and Final Reports) that the PM
expects to receive from OMT and the anticipated due dates. If there is a conflict
with timeframes, the PAGD Engineer should discuss with the PAGD TL.

° Inquire if other offices/divisions will require field work (SWM borings, SPT borings
for structures) and/or lab work from OMT. If so, request that a formal submittal be
provided to OMT. Inquire of any known issues with property access/owners.
Advise that environmental permits will be required if borings needed in wetlands
and waterways.

. Request a copy of the Environmental Impact Statement (EIS) if one was performed
for the project. Ask the PM if they are aware of any contamination issues (gas
stations, junk yards, dry cleaners, etc.). This information should be passed along
to the EGD.
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2.02 FILES

2.02.01 General

This section involves the filing of project plans, documentation, and correspondence from
the PAGD Engineer with other agencies/divisions to make sure all the documents are
properly stored for future reference. The project file in this section refers to both the
physical file and the network file. Refer to Electronic File Storage and Paper Files and

Plan Storage.

2.02.02 Purpose
A filing system for the project is needed to:

. Keep all the documents in chronological order
° Keep the latest plans with MDSHA for reference
. Help track down relevant documents or plans for use in design and for
reference in case of claims or conflict with other agencies/divisions
° Facilitate the final report review process
° Keep the files for records or archive once the project is complete
2.02.03 Resource Requirements

Filing is typically done by the PAGD Engineer in the office. It is an ongoing process as the
project progresses from planning to completion of the project. Filing requires the following
staffing needs for a typical project:

Effort Level

Position Function Resources
(man-hours)

PAGD Engineer Filing 1 Varying*

* The time required would vary depending on the size and complexity of a project.

2.02.04 Procedure
The procedure described below should be followed when filing project files.

Certain steps in the filing process and other processes might overlap. It is important to
keep in mind that although these processes are broken out and written in separate
sections, they are a part of an overall process. The procedure described below is an
ongoing process from planning to completion of the project. The filing can be done with
hard copies or electronic copies of the documentation and relevant plans.

Step 1. Prepare a project folder with labels indicating the project description, charge
number, Contract number, and mile points of the roads involved. The plans
should be labeled with the same information.

Step 2.  Allincoming and outgoing correspondence (memos, transmittals/submittals, e-
mails, phone logs) should be printed and filed in the respective section of the
project folder in chronological order. Multiple chains of e-mail correspondence
should not be saved, only the last reply containing the original and intermediate
messages should be saved.

Step 3.  All plans should be maintained in the file room with a shelf location (Al, B2,
etc.) referenced. The plans that have soil boring targets marked should be
kept until the project is completed. If updated plans are received, the older
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plans should be discarded and replaced with latest plans to avoid any
confusion.

Step4.  The results from regular testing and any special testing should be kept in hard
copy and also in electronic format.

Step 5.  The input parameters used for design should be filed in the project folder for
future reference.

Step 6. The project folder and plans should be stored so that they are readily
accessible for review.

Step 7.  All the reports originating from MDSHA as well as the reports received from
other divisions should be filed in the report section.

Updated 09/04/2013 2-4
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2.03 RECORDS REVIEW

Click to go to OMT Internal Meetings (OMT PI)

Click to go to Site Reconnaissance

Click to go to Discussion/Selection Alternative with Project Owner
Click to go to Requests For Geotechnical Field work

2.03.01 General

This section contains information regarding readily available records that should be
reviewed before submitting a request for field work.

2.03.02 Purpose
A record review for the roadway project is needed to:

. To obtain a general knowledge of the soil and geological information

. To anticipate problems that may arise based on the knowledge of adjacent or
previous projects in the area

° To obtain preliminary information prior to requesting the field work

° To obtain general knowledge regarding what can be expected once the actual
field work begins

. To identify particular areas that need special attention

2.03.03 Resource Requirements

The records review is typically performed by the PAGD Engineer in the office. The review
process requires the following staffing needs for a typical project:

Position Eunction R Effort Level
(man-hours)
PAGD Engineer Review 1 4*

* The time required would vary depending on the size and complexity of a project.

2.03.04 Procedure

The procedure described in the following text should be followed when performing records
review for a project. The following procedure was written to provide the PAGD Engineer
with adequate information to assist in reviewing records for a project.

Certain steps in the records review 