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Foreword

This manual was written for Road Maintenance Personnel.
To use this manual, do the following two things:

1. Review the underlying basis, mission and major objectives for this
manual:

Basis of the Manual: The following facts are the driving force behind development
of this manual:

1. Over 1.6 million miles of dirt and gravel roads exist within the United States, and they
provide a vital service as part of the nation’s transportation system.

2. Dirt and gravel roads will remain important and significant in mileage and use into the
future.

3. The depositing of unwanted sediments into our streams and waterways represents one
of the largest pollution problems in North America, and improperly maintained dirt and
gravel roads are major contributors to this problem.

The Manual’s Mission:
The mission of this manual is to address this pollution problem affecting our streams and
stemming from our dirt and gravel roads in the form of erosion, sediment and dust.

Major Objectives to Accomplish the Mission:

1. Provide users with an understanding that our road system is part of our overall
environment, that a vital connection exists between the two, and that this
connection needs to be considered in whatever actions we take in regards to
constructing and maintaining our road system. In doing so, we will be able to
preserve our environment and more effectively and efficiently prolong the life of
our transportation system.

2. Give users a ‘tool box’ full of environmentally sensitive maintenance ‘tools’ or
practices that support both good roads and a good environment by offering a
variety of simple, practical environmentally sensitive maintenance practices and
by providing a means for using these practices in routine road maintenance.

The practices presented in this manual are inclined toward use for dirt and gravel roads in
forested areas. The user may find, however, that many of the concepts and practices
could prove applicable in various types of environments, and possibly require only minor
research and development efforts.
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2. Look at the Chapter Titles to determine how to effectively use the
information presented:

Chapter:

1. Introduction

2. Geology, Rocks and Soils

3. Water, Erosion, Drainage and Road Basics

4. Basics of Natural Systems

5. Environmentally Sensitive Maintenance Practices: Roads and Road Drainage
6. Environmentally Sensitive Maintenance Practices: Roadsides and Streams

7. Environmentally Sensitive Maintenance Practices: Additional Techniques

By looking at the Chapter titles, we see that the maintenance “guts” of this manual are
contained in Chapters 5, 6, and 7 on “Environmentally Sensitive Maintenance Practices”.
These are the chapters that you may want to read all the way through and then use this
information with the accompanying “Technical Information Sheets” in implementing
these practices for better roads and a better environment.

If this is all you do, however, you will not have a full understanding of why you are doing
a particular practice a particular way or how these practices really work to better the road
and the environment. This path is the traditional philosophy of telling someone what to
do without any explanation of why it works or the reasons or factors upon which the
practice is based. Without a full understanding of “why and how it works,” the wrong
reasoning for doing any work may prevail - “this is the way we always did it.” On the
other hand, if we fully understand the “why and how it works,” we become confident in
doing it right and can use this knowledge to actually improve upon the practice and its
use in maintaining our roads.

This is where Chapters 1, 2, 3, and 4 become most important. These chapters give
background information that enables an understanding of “how and why it works.” We
feel that it is important for road personnel to have “the whole story” or all the information
behind the practices. This will enable them to implement the proper practice when needed
or desired. Road personnel should know why and what they are doing, and why and how
it benefits both the roads and the environment.
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Environmentally Sensitive Maintenance
For
Dirt and Gravel Roads

Chapter 1: Introduction

1.1 Manual Mission & Scope

1.1.1 The Mission. The
development of our national road
system and the need to sustain it
dictated governmental ownership
from the start. Today, our state and
local governments maintain the vast
majority of roads. But our roads are
part of our total environment, and just
as we are the governmental trustees
of our road system, we are also the

trustees of our environment and all its ==
resources. 1- 01 Our roads are part of our total environment.

Beyond this trusteeship lies a greater calling: to be responsible stewards of our
environment. The environment is under assault on many fronts, and many of those battles
must be fought at the national and international level. But roads and their relationship to
the environment are perhaps the one area where state and local governments can make a
difference.

Unwanted sediments choke many streams and waterways, representing one of the
largest pollution problems in North America. The culprits in many cases are dirt and
gravel roads. Our mission, then, is to present proven methods of maintaining our dirt and
gravel roads that reduce the erosion, sediment and dust that pollute our streams.

1.1.2 Scope. This manual’s mission and philosophy are rooted in the
Pennsylvania Program on “Environmentally Sensitive Maintenance for Dirt and Gravel
Roads.” (This Commonwealth program provides funding, training, and technical
assistance and is highlighted as a case study for “Essential Programs” in Appendix 1 at
the end of this chapter.)

Based on the Pennsylvania model, the practices presented in this manual focus on
dirt and gravel roads in forested areas, recognizing that, with only minor research and
development, many of the concepts and practices can be applied in various types of
environments.

1-1



This manual will show that our
road system is part of our overall
environment, that there is a vital
connection between the two, and
that this connection needs to be
considered when we construct and
maintain our dirt and gravel roads.
By doing so, we will be able to
preserve our environment and
prolong the life of our
transportation system.

Roads exist as unnatural
structures in the natural

1- 02 Roads exist as unnatural structures in the environment. Natura'ﬂ forces
natural environment. continually take their toll on our

roads, often resulting in degraded
roads and environmental damage. The challenge rests in simultaneously preserving our
roads and streams in a safe and cost-effective manner. Using a combination of natural
systems and road maintenance principles, environmentally sensitive maintenance
practices can be integrated into an effective and efficient approach benefiting both the
environment and our road transportation system.

Although this manual addresses environmentally sensitive maintenance for dirt
and gravel roads, many of the practices, particularly in terms of drainage and vegetation,
can be transferred to paved roads and result in benefits to both the paved road and the
environment.

1.2 The Importance of Dirt and Gravel Roads

Dirt & Gravel Roads

Over 1.6 million
miles of dirt and gravel
roads criss-cross rural
areas of the United States,
providing a vital service
as part of the nation’s
transportation system. In
many cases, our unpaved
roads are the main access
for major industries.
Unpaved roads provide
essential market access for
farms, foresters depend on
dirt and gravel roads to
remove timber from the
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forest, and the mining industry could not get minerals out of the mines without these
valuable pathways.

In many areas, dirt and gravel roads play a major part in tourism, adding to the
economic wealth of the region. Dirt and gravel roads also directly serve millions of rural
residents living along them.

Many of our dirt and gravel roads remain unpaved for economic reasons, but, in
many areas, residents do not want paved roads, desiring to preserve the rural nature of
their area. Dirt and gravel roads are considered the lowest service level in any functional
road classification system, usually serving the lowest volumes of traffic. But even as their
numbers decline, giving way to more and more paved roads, dirt and gravel roads
continue to be a significant part of our road system.

In fact, traffic on dirt and gravel roads is increasing. Further, the vehicles and
equipment using these roads are getting larger, meaning the most safe, effective and
efficient maintenance practices must be employed to keep pace with the stress these
larger vehicles place on the roads.

1.3 The Problem: Roads and the Environment

1.3.1 A Historical
Perspective. Read our country’s
history books and the accounts of
our discoverers, trailblazers,
pioneers, and early settlements and
it becomes clear that roads and
streams are connected by their
imminent proximity.

Early settlements were
built next to streams that became
the essential water source for
drinking, washing, domestic
animals, crops, and power
generation for sawmills or o
gristmills. Streams were also used ; P L
as transportation corridors to haul 1 - 04 Historical development dictated the close
goods between homesteads. proximity of roads and streams.

Footpaths developed along these
streams to connect the settlements by land. Streamside terrain offered relatively easy
slopes for construction and subsequent use by horses and wagons. These footpaths
became the roads, many of which survive today as our dirt and gravel roads. This close
proximity of roads and streams, dictated by historical development, began the conflict of
erosion and sediment degradation affecting both roads and streams.
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1.3.2 The Connection. Erosion is a natural occurrence in the environment. When
roads are constructed, however, they create an interference with the natural systems and
collect water, increasing its volume and velocity, resulting in accelerated erosion.

1.3.2.1 Factors Affecting Roads. When we look at all the factors affecting the

) life of our roads
u Figure 1-1 | (Figure 1-1), water
~ Factors Affecting

has to top the list.

@ SPo Alone or combined

Your Road with other factors,
3 B . Water L water can be
Traffic Load Subgrade Quality disastrous. The
Environment \ / Road Structure (Age) _g_§ub radg (,)f thg road
(Climate) \ _ 1s whgt it is bgﬂt on,
Vegetation—p. ROADS I aum= Quallt_y of Road the soﬂg. If‘thIS
TR T Materials foundation is poor,
Maintenance the road’s life will be
Practices significantly

reduced. If the
subgrade is water
What Can You | saturated, the
Control? condition will be
worse.

Most maintained dirt and gravel roads are quite old. Current maintenance crews
were not involved in the construction. If poor quality materials were used or the
workmanship was substandard, maintenance crews inherit numerous headaches with the
road. And even when materials and workmanship are up to standards, the road may not
have been built to handle today’s heavier traffic loads. Traffic volumes and weights have
both increased substantially in the last 20 years. The combination of water and increased
traffic loads is potentially disastrous for our roads. That is why maintenance practices are
so important. Poor maintenance equals poor roads. If there are drainage problems,
however, even the best maintenance is doomed unless drainage problems are taken care
of first.

The environment and climate also affect road conditions. The environment, as
defined here, refers to vegetation, soil, sand, rocks, drainage conditions, and the overall
stability of the area. Climate dictates the local weather conditions. Weather includes rain,
freeze-thaw cycles, and hot sun that can dry out soils and road materials.

Looking at all these factors affecting roads, we should ask ourselves “What can
we control?”

1.3.2.2 Factors Affecting the Environment. The same factors that affect the

road affect the environment. Water feeds vegetation and streams and creates habitats, but
also causes erosion, flooding, and sedimentation.
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Our roads certainly Figure 1-2
affect the environment along Factors Affecting the Environment
with our maintenance :
practices. Poor road structure
and material quality, increased
traffic levels, and proximity to
waterways lead to erosion,
sediment and dust pollution

¢ Water

Roads

Climate ==

>Subgrade
problems. P g >Structure
Vegetation ™ \ >Materials
Again, we should ask, ; fier Maintenance
“What can we control?” Practices

1.3.2.3 The Road-
Environment Relationship.
Road conditions are deeply
intertwined with the surrounding environment. Concentrated water flows accelerate
erosion, overloading natural systems. Excess sediment clogs our streams. Dust becomes
sediment in our streams, generates complaints from residents and harms plants, animals,
people and equipment. Chemical contamination complicates the picture even more
because oils, nutrients, pesticides, herbicides, and other toxic substances bind to dust and
sediment and go along for the ride to pollute our streams and waterways.

Dirt and gravel roads are a
major potential source of these
pollutants. Many roads have
unstable surfaces and bases. Roads
act like dams, concentrating flows
that accelerate erosion of road
materials and roadsides. Both
unstable surfaces and accelerated
erosion then lead to sediment and
dust.

The close proximity of
roads and streams thus establishes
> e B - | the connection. Because road
1-05 Dirt and éfé\/él roads are a ma]"orsu}ce of systems are situated close to
erosion and sediment. streams within the natural
environment, they affect the
natural systems as they are in turn affected by the natural processes that take place there.
The two systems — roads and the environment — are interrelated. Thus, in order to fix road
problems, we must understand some things regarding each system to find a solution
beneficial to both our roads and the environment.
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In addition, not only is there a relationship between the roads and the
environment, but both the roads and the environment also have an effect on the overall
quality of life within your region. John Muir, who has been called the father of our
National Park system, summed it up in this statement: “When we try to pick out
anything by itself, we find it hitched to everything else in the universe.”

maintenance practices do not

D —
always adequately address the

Quality of Life road’s relationship to the

. environment.

Why do we do what we do?
Because we’ve always done it that
way? There are many things that
we do that may not be the best way for the environment or the road. In fact, many
existing practices cause damaging sediment pollution, impacting both the road and the
environment.

1.3.3 Traditional
Maintenance Practices. Even
though the goal of road
maintenance personnel is to
maintain good roads, accepted

Figure 1-3: Relationship & Effect

Vegetation management is a major example where many existing practices become
counterproductive. Traditional “daylighting” exposes bare soil, disrupts ecological
succession and eliminates soil-stabilizing roots, all of which increase erosion and
sedimentation, damaging both the road and the environment. In addition, excessive
sunlight can dry the roadbed, leading to excessive dust generation. Maybe we should
consider leaving existing root structures undisturbed, thinning canopy cover to allow
moderate sunlight, and avoid clearing banks just because they are there. Using nature’s
patterns and forces can result in better roads, less erosion and sediment pollution and
lower maintenance costs.

Bank cutting and undercutting results in extensive sediment runoff, blocked
ditches, and increased cyclical maintenance. On the other hand, refraining from cutting
the toe of slopes, using headwalls to reduce pipe inlet and bank erosion, and using
diversion or intercepting swales preserve both road quality and the environment.

Conveying road and ditch runoff to the nearest stream using the most direct route
possible has long been an established practice. Any type or amount of sediment being
carried by that runoff is also dumped directly into the stream. But directing culvert and
ditch outlets (turnouts, bleeders) into a vegetative filtering area will help filter out the
sediment, allow water infiltration and groundwater recharge, and protect the stream

ecology.

Road aggregate quality directly impacts both the survival of the road and the
environment. Covering the road with poor ‘low-bid’ material that may wash away is
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another way of paying for sediment pollution, not to mention increased road aggregate
replacement costs. Using a good road material that remains in place and prolongs road
life will also benefit the total environment.

Undersizing and oversizing water channels, bank armoring, and flow redirection
can disrupt stream energy, increasing maintenance costs and causing environmental
harm. Understanding stream flows and the natural forces can help to establish better
practices to again protect both the road and the environment.

Clearly, many traditional practices are counterproductive. They should be
replaced with more productive measures that incorporate our knowledge of roads and
natural systems. The result will be better roads, less sediment pollution, and lower
maintenance costs.

1.3.4 Combining Goals. The goal of road maintenance personnel has always
been good roads through proper maintenance at the lowest cost. We want to keep this
goal, but expand our vision. We need to take a different look at our roads and see the total
environment in which our roads are contained. This environment affects the life of our
roads just as the road affects the environment.

If our goal within this project is to protect the environment through reduction of
erosion, sediment and dust pollution, then let’s combine our goals. Let’s use additional
and improved maintenance techniques and practices that benefit both the roads and the
environment.

1.3.5 Road Safety. Any effective road maintenance program needs to consider
and address safety. A safe transportation system is essential and remains part of our
overall goal. Maintaining our roads and environment, however, need not come at the
expense of safety. In fact, roads maintained in an environmentally friendly way have
more structural strength, suffer less deterioration, and have fewer defects, and, thereby,
are also safer. The goals of low-cost, environmentally sensitive maintenance and
improved road safety can be combined seamlessly.

1.4 The Manual: Philosophy, Objectives and Contents

1.4.1 The Manual Philosophy. This manual is titled Environmentally Sensitive
Maintenance for Dirt and Gravel Roads. The mission, as stated, is to address the
pollution problem of erosion, sediment and dust stemming from our dirt and gravel roads
and affecting our streams. To meet this mission, the manual centers on an important
philosophy or rationale.

To municipal road maintenance personnel, the road has been “sacred.” Everything
they have been taught about road maintenance has centered on what is good for the road,
which has proven at times not to be correct. We need to initiate a change in this thinking.
We can no longer afford to think only about the road. We need to understand the
relationship between the road and the environment, that everything is interconnected, and
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that there are practices that can be implemented that are not only good for the road, but
also good for the environment. In addition, we need to make the connection that both
good roads and a good environment are important to the welfare of local governments
and their residents.

Only when this thinking changes can it be converted into action. In presenting
“environmentally sensitive practices,” this manual will illustrate to the users how easy
these practices are to use and how useful and beneficial they become in prolonging the
life of the road and protecting the environment. To accomplish this, however, the
practices need to be simple, practical, and easy to incorporate into a routine road
maintenance program.

The manual will give the users a “tool box” full of environmentally sensitive
maintenance ‘tools’ or practices, recognizing that no one tool or practice can fit every
situation or site or solve all their problems. Because every road and every site along that
road is different, we need a toolbox from which we can select the appropriate tool or
tools to help solve whatever situation we encounter.

1.4.2 The Manual Objectives. To meet the mission and put “punch” into our
philosophy, we set our objectives as follows:

1. Enable the user to recognize the connection between road maintenance and
the environment and the importance of good roads and a good environment
for good government.

2. Enable the user to recognize sources of erosion, sediment, and dust pollution
associated with roads and the importance of preventing these pollution
sources.

3. Enable the user to recognize that standards cannot fit every situation and that
sound decisions require proper knowledge of basic principles and practices.
(Most standards, although often dictated as requirements, should be presented
as only guidelines that need to be adjusted or revised to fit each particular site
or problem area in the field. To know, however, what “tool” to use or what
adjustment is needed, one needs to recognize basic principles and practices
not only related to road maintenance but also to the natural systems that
influence these roads, leading to our 4™ objective.)

4. Arm the user with knowledge on basic principles of nature and natural
systems as applied to road maintenance and a healthy environment and on
basic road maintenance materials and techniques. (The user needs to know the
basics of nature and the natural forces, and how they can be applied to help
establish good roads and protect the environment. In addition, to make sure
we are “on the same road”; we want to cover the road basics of good materials
and techniques.)

5. Arm the user with knowledge on environmentally sensitive maintenance
practices and the effective use of these practices in road maintenance. (This is
where we provide the “tools” for their toolbox — a variety of simple, practical
environmentally sensitive maintenance practices and the means of using these
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practices in routine road maintenance to keep both good roads and a good
environment.)

1.4.3 The Manual Contents. To accomplish this comprehensive list of
objectives, the manual contains 7 chapters.

Chapter 1 — Introduction: Chapter 1 is simply an introduction to the manual. The
mission and scope of the manual is introduced, followed by a discussion on the
importance of dirt and gravel roads. We then start to make the connection between roads
and the environment and discuss the shortcomings of traditional road maintenance
practices. The chapter then shows the value of combining the goals of good roads and a
good environment. The manual philosophy is then discussed, followed by the objectives
and this description of contents. To close, the need for essential programs is covered,
with an appendix to describe the Pennsylvania program as a case study.

Chapter 2 — Geology and Soils: This chapter discusses geologic time and
relentless natural forces, looking at geological regions, topography, weather, rocks and
soils. The chapter demonstrates how geology and natural forces give us what we have to
work with and the conditions under which we have to work. Geology dictates the
aggregates available for road materials and the soils available to support the natural
vegetation.

Chapter 3 — Water, Erosion, Drainage and Road Basics: This chapter starts with
basic principles of erosion and how roads cause accelerated erosion and increased
sediment and the importance of preventing this pollution, showing the connection
between roads and the environment. This module hits hard on the importance of good
drainage, discussing the characteristics and effects of water on roads. Discussion then
turns to road materials, what’s being used and what we need to be concerned with. We
then review basic road maintenance techniques for dirt and gravel roads — basic grading
operations, road crown, etc. — and end with a discussion on winter maintenance
operations.

Chapter 4 — Basics of Natural Systems: This chapter sets the basics on the natural
side, presenting guiding principles by defining ecology and discussing three distinct
ecosystems: the streams, wetlands, and forests or uplands. We stress the important
benefits of these areas and set the stage to discuss, in a later module, how we can use
these systems to help in road maintenance. This is unfamiliar area to most road
maintenance personnel. The user should read this chapter with an eye to relating roads
and road maintenance to natural systems.

Chapter 5 — Environmentally Sensitive Maintenance Practices: Having set the
basics for both roads and the natural systems, this chapter presents the environmentally
sensitive maintenance practices, with emphasis on road profiles, ditches, culverts, and
bridges. Simple, straightforward, easy to implement practices are presented — some of
which may already be familiar, or some that may be just tweaking something already in
use. Others may be new, but still simple and easy to implement.
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We start to fill the user’s toolbox with the tools, emphasizing that not one tool or
practice or technique will solve all their problems, but a toolbox full of tools will help
greatly.

Chapter 6 — Roadsides and Streams: This chapter discusses the value of roadside
vegetation management and the important factors affecting bank stability. The chapter
then builds on this discussion to show how we can use the forests and natural systems to
help reduce road maintenance, introducing more environmentally sensitive maintenance
practices. We review common practices and the associated problems that can be
detrimental in the long term for both roads and the environment, followed by alternative
methods to improve or enhance the existing conditions (e.g., traditional clearcutting
practices, stream channel clearing practices). This leads to more environmentally
sensitive maintenance practices for vegetation management and bank stabilization,
ending with an introduction to a variety of bioengineering techniques for stream banks.

Chapter 7 — Additional Maintenance Techniques: Chapter 7 continues to add tools
to the toolbox, discussing three specific areas: dust control, road stabilization (full-depth
reclamation), and the world of geosynthetics. The geosynthetics section emphasizes
geotextile separation fabrics along with other geosynthetics used in actual road projects
including a drainage pipe project case study, demonstrating the variety of functions and
uses that geosynthetics play in road maintenance.

1.5 Essential Programs

To successfully fulfill our mission of addressing the national problem of erosion
and sediment pollution from our dirt and gravel road system affecting our streams, there
is a need not only for a manual but also for comprehensive state programs providing
funds, education and training, and technical assistance to the nation’s road maintenance
personnel.

No change in our environment will occur without a change in thinking. Roads do
not exist in isolation. They are an integral part of the environment. A change to the road
changes the environment. An environmental shift has consequences for the road. Until
those performing maintenance on our roads understand this relationship, both the roads
and the environment will continue to suffer.

The way to change thinking is through training and technical assistance, coupled
with funding. The message must be clear, simple, and easy to administer. It must be
targeted at local and regional road maintenance managers.

As a case study, Appendix 1 presents Pennsylvania’s Program as a successful
model and resource for other states in meeting this mission. Appendix 1 is a description
of the program development and implementation, with a discussion of the essential
criteria for a successful program.



APPENDIX 1
Case Study: The Pennsylvania Dirt and Gravel Roads Program

In 1997, Pennsylvania introduced a program that provides an annual $5 million
appropriation for “Environmentally Sensitive Maintenance” for our nearly 20,000 miles
(38,180 km) of dirt and gravel roads. The program addresses three critical components:
Thought and Attitude, Cost Effective Best Management Practices, and Technology
Transfer. In developing an understanding of the problem, the program team, spearheaded
by the State Conservation Commission, developed a philosophy that simplifies
administration, holds the stream sacred, and strives for better roads and reduced
maintenance. This exemplifies a major change in “thinking and doing” for road
maintenance personnel, where traditionally the road had priority. The program leads them
to consider both the road and the environment as important and how natural systems can
help with overall road maintenance.

Al.1 Pennsylvania’s Dirt and Gravel Roads. Pennsylvania has over 117,000
total miles (188,253 km) of public roads, including both paved and unpaved. Local
municipal governments own and maintain two thirds of that total mileage. Of that total
mileage, nearly 20,000 miles (32,180 km) are unpaved dirt and gravel roads.

Local municipal governments own and maintain the majority of dirt and gravel
roads with over 17,000 miles (27,353 km).The PA Department of Conservation and
Natural Resources (DCNR), Bureau of Forestry owns and maintains over 2500 miles
(4023 km). The PA Department of Transportation (PENNDOT) has less than 500 miles
(805 km). This number continues to decline due to PENNDOT’s Turnback Program
(PENNDOT pays $2500 per mile as an annual sum added to a municipality’s liquid fuels
funds for any state roads “turned back” to the municipality to own and maintain). Other
agencies having nominal mileage are the DCNR Bureau of State Parks, the PA Fish and
Boat Commission, and the PA State Game Commission. Dirt and gravel road mileage
continues to decline as development and traffic volumes increase and more and more
roads become paved, but dirt and gravel roads will remain a significant part of
Pennsylvania road mileage into the future.

Pennsylvania’s dirt and gravel roads play an important role for the
commonwealth. They provide vital direct access for over 3.6 million PA residents,
although probably used by almost all of PA’s 12 million people. They also provide vital
access to Pennsylvania’s industry, namely our top industries of agriculture, forestry,
mining and tourism. In fact, tourism is projected to become our state’s number one
industry, a position that has been held by agriculture. To emphasize, Pennsylvania’s dirt
and gravel roads have always played an important role, are still playing that role, and will
remain playing that role into the future.

Al.2 Program Origin: A Problem Recognized. In January 1991, a man by the
name of James “Bud” Byron, active in Trout Unlimited, instigated a Northcentral
Pennsylvania Conference of parties interested in protecting streams from sediment



pollution associated with dirt and gravel roads. The results and publicity of that meeting
held in Pleasant Gap, PA, sowed the seeds of the program.

Al.3 Program Origin: A Problem Substantiated. Lead by Trout Unlimited,
various individuals, organizations and agencies became active in addressing this problem
on a statewide basis. In 1993,
they formed the Dirt and Gravel TROUT
Road Task Force, (Figure Al-
1). The Task Force set out to
substantiate the extent of the
problem. They began by —
conducting field surveys of 7 Y
roads and streams to identify )
actual conditions in the affected St Figure Al-1
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Quality. Just surveying these
areas was a huge undertaking -
(Figure A1-2). A great number of volunteers were needed, and Trout Unlimited, with its
55 PA chapters, provided most of the manpower. A simplified manual card system was
developed to record actual field conditions. The volunteers received onsite training to
help ensure consistent results. These surveys identified actual “trouble spots” of sediment
pollution into streams throughout the commonwealth. These pollution trouble spots
became the initial worksites and, when viewed plotted on a map (Figure A1-2),
substantiated the problem.

Figure A1-2: Result — A Problem Substantiated
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Al.4 A Solution. With the problem substantiated, the Task Force needed to look
at a solution. Who was maintaining these dirt and gravel roads? Why were the problems
of erosion and sediment occurring? What did they need to do to correct the problems?
Municipal governments owned the roads, so the Task Force looked to existing road
maintenance. They found that even though the goal was to maintain good roads, existing
accepted maintenance practices did not always adequately address environmental
concerns. To solve the existing and continually occurring pollution problems required
maintenance managers to change their thinking to see the road as part of the environment.
This change in thinking had to lead to changes in procedures. Improved maintenance
techniques that were good for both the roads and the environment had to be used. To
initiate this change, the task force recognized two major needs — training and money.

Legislation was necessary to meet these needs. Pennsylvania Senator Doyle
Corman became the program champion and drafted legislation, which became part of the
PA Transportation Revenue Bill, signed into law as PA Act 3 of 1997. Section 9106 was
added to the PA Motor Vehicle Code, initiating the Dirt and Gravel Road Program.

A1.5 The Legislation. Section 9106 created an annual, non-lapsing $5 million
appropriation for Dirt and Gravel Road Maintenance to address the pollution problems of
erosion, sediment, and dust. Section 9106 took effect July 1, 1997. The legislation
provides that $1 million go directly to the Bureau of Forestry for their roads and that the
other $4 million go to the State Conservation Commission, the lead agency for the
program. This annual $4 million was to be used as grants for environmentally sensitive
maintenance projects on dirt and gravel roads.

The legislation stated that the identified “trouble spots” would be the top priority,
recognizing the significance of the volunteer work that substantiated the problem and led
to the legislation.

The legislation also required grant recipients to receive training as a
prerequisite to applying for grant funds.

Al1.6 Program
Organization. The PA State
Conservation Commission
serves as the lead agency for
the program (Figure A1-3).
They allocate the money to
the County Conservation
Districts who are responsible
for administering the program
at the local level. Each County
Conservation District is
required to implement a
Quality Assurance Board
(QAB) who reviews and




prioritizes grant applications and provides assurance of project completion in accordance
with the applications. This board provides recommendations back to the County
Conservation District for formal approval. To benefit from a variety of background and
experiences, the QAB is comprised of four members: a chairman from the County
Conservation District (non-voting) and three voting members, one appointed by the
County Conservation District, one appointed by the PA Fish and Boat Commission, and
one appointed by the National Resource Conservation Service (NRCS).

Grant recipients are the local municipalities or state agencies that own and
maintain dirt and gravel roads.

Two major points emphasized through the program legislation are simplicity and
local control. The program organization meets these points with a requirement of a one-
page grant application form and with the charge given to the County Conservation
Districts to implement the program. What better way to keep it simple and have the
program handled at the local level?

Al.7 Program Goal. The program’s major goal is to reduce the pollution due to
erosion, sedimentation, and dust associated with dirt and gravel roads in the
commonwealth. To meet this goal, a strong program basis to protect the dirt and gravel
roads was formulated. Several decisions were made by the program initiators and agreed
upon through the legislation.

First, the program supports maintaining dirt and gravel roads as dirt and gravel.
The program will not fund paving these roads. Second, to minimize road maintenance
and stretch limited resources, cost effective maintenance practices that are not only good
for prolonging road life but also for protecting the environment are essential.

This program goal and basis led to the required training with its own rationale and
objectives.

Al1.8 Program Training. The Pennsylvania State University, through the
Pennsylvania Transportation Institute and the Environmental Resources Research
Institute, were originally charged with development and delivery of the training
associated with the Dirt and Gravel Road Maintenance Program. Since then, a Center for
Dirt and Gravel Road Studies, in conjunction with Penn State University, was funded
through contract with the PA State Conservation Commission. This Center now
administers the education, training and technical assistance aspects of the program.

The major purpose of the training was simple — to meet the requirements of the
legislation which required anyone who applies for program funding to attend a training
course as a prerequisite.

The course was simply titled, following the legislation, “Environmentally
Sensitive Maintenance for Dirt and Gravel Roads.” The program goal, as stated, is to
reduce erosion, sediment, and dust pollution relating to dirt and gravel roads. To meet




this major goal, the training centers on the philosophy and rationale as discussed above in
Section 1.4.1 for this manual.

To meet the main program goal, objectives similar to the ones outlined above in
Section 1.4.2 for this manual were adopted along with an additional objective to provide
the trainee with information on associated laws and regulations and with the information
on grant funding procedures.

The training gives them a “tool box™ full of environmentally sensitive
maintenance “tools” or practices, recognizing that not one tool or practice can fit every
situation or site or solve all their problems. These practices are mostly simple, practical,
cost effective techniques that can be easily implemented. Municipal road crews with
available equipment resources can perform most of the practices, incorporating them into
their normal routine road maintenance program. Not all practices will apply to any one
municipality’s roads, but having a full toolbox from which to choose the best tool or tools
to address the problem or concern encountered tends toward a more successful solution.
Many of these practices can be used in combination and will apply to most dirt and gravel
roads in general

The training is a two-day course and consists of classroom training only. The
possibilities of field trips to nearby roads were discussed, but weather and the logistics of
coordinating transportation to the site does not lend to the feasibility. The time factor also
comes to play an important deterrent.

The training uses PowerPoint® presentations with an LCD projector and
projection screen. The PowerPoint® presentations contain all the digitized photos and
several video clips to enhance, clarify, or show examples. Trainers also use various
samples of products, particularly geosynthetic products.

Training evaluation sheets are distributed at each session. Results have been
overwhelmingly favorable on all aspects of the training. Acceptance by municipal road
personnel of the many practices presented has been greater than expected. This is a
testament to the dedication and concern of local municipal government road personnel.

AL1.9 Further Program Development. A new inventory and assessment of PA’s
dirt and gravel roads were completed with the establishment of the new Center for Dirt
and Gravel Roads. County Conservation Districts worked with the local governments to
verify unpaved roads via municipal and county maps. All identified roads then received
field assessments by the County Conservation Districts for pollution problems affecting
streams. This new assessment identified over 11, 000 new sites across the commonwealth
which then became eligible for program funding (Figure A1-4).



Figure Al-4: Assessment Phase IT Results
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A1.10 Program Results. The program has been and continues to be a success.
Projects undertaken and completed with program funds have been evaluated. A
computerized GIS system is used for project tracking and central reporting with minimal
paperwork. An implemented quality assurance/quality control (QA/QC) process
continually monitors and evaluates completed projects, verifying that all but one project
has met or exceeded expectations.

The following page is the 2006 Program Report reflecting a summary of the
program data showing 1608 projects completed by the close of 2006. The summary gives
a breakdown of program funding, completed project costs and major work items, and a
training summary of sessions and attendees. It should be interesting to note the amount of
in-kind contributions, which are the materials and services donated to the projects by the
local government grantees. Although contributions are not required and the projects are
100% fundable with program grant monies within the prescribed parameters, the in-kind
contributions have averaged 36%. Comparing this to the many federal and state grant
programs that require 10 to 25% matching funds, we can see the substantial voluntary
commitment made by the Pennsylvania local governments. This factor again speaks to
the acceptance and success of the program.
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2006 - DIRT AND GRAVEL ROAD PROGRAM SUMMARY DATA

FINANCIAL SUMMARY TO DATE

WORKSITE: a section of
unpaved road that is a
verified source of pollution

Total Allocated to Districts - $35,187,000 includes 10 years of funding L -
Spent on administration - $2,203,000 (6.3% of total allocated) limit of 10%
Spent on education - $594,000 (1.7% of total allocated) limit of 5%

Spent on completed contracts (1,608)-$25,381,000
Current contract commitments (196)- $3,796,000
TOTAL SPENT/COMMITTED - $31,974,000

(72% of total allocated) (In-kind not included)
(11% of total allocated) (Partially completed project included here)
(91% of total allocated)

#*%%*[n-Kind Contributions - $9,147,000 (donated goods/services from participants) (Avg 36¢ per $1 spent) ***%*

COMPLETED PROJECT COST SUMMARY

note that some worksites have multiple contracts complete
Contracts complete - 1,608 Length of contracts complete -

BREAKDOWN of $25,381,000 Program funds spent on completed contracts:
$20,340,000 for materials (80%),  $3,725,000 for equipment (15%), $1,316,000 for labor (5%)

BREAKDOWN of $9,147,000 In-kind contributions for completed contracts:
$1,451,000 materials (16%), $4,045,000 equipment (44%), $3,262,000 labor (36%,), $389,000 other (4%)

826 miles

COMPLETED PROJECT WORK SUMMARY

5.7 Acres Eroded Stream Bank Stabilized
6.7 Acres Drainage Outlets Stabilized

= a steam bank 5 feet high and 9.4 miles long
= 2,918 outlets, each 10’ x 10’

68  Acres Vegetative Management = an area 10 feet wide 56 miles long
67 Acres Eroded Road Bank Stabilized = a road bank 5 feet high and 110 miles long
71  Acres Eroded Road Ditch Stabilized = a ditch 5 feet wide and 117 miles long
117  Acres Separation Fabric Used = 54 miles of fabric placed 18 feet wide
773  Acres Road Surface Stabilized = 354 miles of road 18 feet wide
4,610 Crosspipes Installed = 5.6 pipes per mile of project
178,400 Feet of Crosspipes Installed = 34 miles of pipe, average crosspipe length is 39’
581,700  Cubic Yards of Road Base Added = [ acre of ground covered to a depth of 360 feet

COMPLETED PROJECTS 2-DAY TOWNSHIP TRAINING SUMMARY:

# Money Spent Average # of Municipal- Counties Total

Contracts on Completed  Spent per YEAR Trainings ities Trained Represented _ Attendees

YEAR Complete Projects* Contract* 1998-2002 115 na all 3208

1998-2003 1,156 $ 16,198,000 $ 14,012 2004 8 142 53 294

2004 173 $ 3,253,000 $ 18,803 2005 13 220 56 574

2005 136 $ 3,255,000 $23,934 2006 12 254 57 465

2006 143 $ 2,675,000 $ 18,706 TOTAL 148 o all 2541
TOTAL 1,608 $25,381,000 $ 15,784

*in-kind not included PENNSTATE

Document produced by: Penn State University — Center for Dirt and Gravel Road Studies
866-668-6683 www.dirtandgravelroads.org

Center for Dirt and Gravel Road Studies



The PA Dirt and Gravel Road Program is well established and continues to meet
its goal of pollution reduction. The training is constantly under review and changes as
more program work projects are completed. The program uses new experiences to
develop new practices and test new materials. Environmentally Sensitive Maintenance
Practices have been accepted and are being put to use, many of which apply to paved
roads as well as unpaved gravel roads. This acceptance, as mentioned before, attests to
the dedication and desire to do things better on the part of municipal road personnel. It is
best put by one long-time Township Roadmaster who stated: “I wish | would have known
these things 30 years ago!”

Resource: The Center for Dirt and Gravel Road Studies
The Pennsylvania State University
207 Research Unit D
University Park, PA 16802
Tel: 814-865-5355
Fax: 814-863-6787
Toll-free: 866-NO-TO-MUD (866-668-6683)
Email: dirtandgravel @psu.edu
Website: www.dirtandgravelroads.org
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Environmentally Sensitive Maintenance
For
Dirt and Gravel Roads

Chapter 2: Geology, Rocks and Soils

2.1 Introduction 'Y

The term “geology” is used to
describe the study of the planet earth,
specifically the materials that make up the
earth, the processes that affect these
materials, the products formed, and the
history of the planet. Geology, therefore, & 2
with its history, processes, and materials, 2 — 01 Geology sets the stage
becomes important in the operation and
maintenance of our roads. Geology helps
explain the physical setting in which roads are situated as well as the local road materials
that are available for use in road building, for example, why limestone may be a prime
road aggregate in one area and granite the prime material in another area.

As solid rock breaks down into smaller particles from geological processes,
natural forces, and weather, often mixing with decomposing plant and animal matter, it
forms soil. Soils are also important in the operation and maintenance of our roads. As the
type of soils varies from area to area due to the varying geology of the area, the influence
on our road system will vary in different aspects. Roads are typically built directly on top
of soils covering the underlying bedrock. The type of soil over which roads are built will
influence the design, construction, and maintenance of the overlying portion of the road.
In addition, the stability of roadside banks, both upslope and downslope, and the road
drainage network are dependent upon the inherent behavior of the soils and vegetation
that covers them. The vegetation is also directly dependent on the soil’s characteristics as
to its type and growth.

In this module, our goal is to focus on geology, soils, and the natural forces that
shape the surface of our land and give us the rocks, soils, and vegetation that make up the
environment in which our roads exists and, therefore, influence many aspects of design,
operation, and maintenance of our total road system.

2.2 Geology and Natural Forces

As mentioned above, geology is important to the construction and maintenance of
roads because it defines the physical setting in which roads are situated and the road
materials that are locally available. In other words, geology gives us what we have to
work with.
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The geologic history of the earth is complex and spans a period of approximately
4.5 billion years. This complex history has included processes that have drastically
changed the characteristics of our planet. Different regions of the United States have very
different geologic histories and consequently vary greatly in road conditions, materials,
and construction and maintenance methods.

Geologists have divided the United States into different physiographic provinces.
These provinces are areas of different geologic history based on the way the different
types of rocks and landscapes were formed. The significance of physiographic provinces
will be discussed in Section 2.3.2.

2.2.1 Geologic Time. It is
important to note that many of the
geological processes that shape the earth
occur at an extremely slow rate. Because
our frame of reference only covers an
average of a 70-to 80-year life span, it is
often extremely difficult to notice or even
comprehend the changes that take place
over thousands, millions, or even billions
of years. This is geologic time. The
gradual erosion of the Alleghanian
Mountains, a grand mountain range that

2 — 02 Pennsylvania Ridge and Valley Province

once stood 2 '2 miles high over the ridge and
valley province of Pennsylvania (Photo 2-
02), is a good example of an erosion process
that occurs over geologic time. The erosion
of this mountain range, which continues
today, is not likely to be noticed without
careful observation and measurement over
several decades. On the other hand, some
geologic events happen relatively quickly.
Volcanoes in Hawaii, the explosion of Mount
St. Helens (Photo 2-03), or major landslides
are geologic events that drastically change
the landscape over a sufficiently short period
of time, and humans are able to perceive the
changes.

2.2.2 Types of Binding Forces. To
provide background information that will
assist in understanding some of the
geological processes discussed later in this

2 - 03 Mount St. Helens



chapter, we will introduce three types of binding forces that act to hold rock and soil
particles together: chemical, physical, and electrical.

Elements are the basic building blocks with which everything is formed. There
are approximately 110 different known elements, including things such as oxygen,
carbon, hydrogen, sulfur, iron, potassium, nitrogen, gold, silver, and uranium. While we
can see many of these elements with the naked eye, they are made up of tiny, individual
particles called atoms. For example, a gold ring is an element. It is, however, made up of
many minute gold atoms. The atom, in turn, is made up of smaller particles. Although the
names of these sub-atomic particles are not important for this discussion, it is important
to note that these particles influence the way atoms interact with each other.

When different elements are joined together through a chemical reaction, they
form a separate and distinctly different compound composed of two or more elements.
This type of bonding is referred to as chemical bonding. The joining of different elements
in various proportions and combinations has produced an almost infinite number of
compounds. For instance, compounds like our deicing rock salt, which is chemically
referred to as sodium chloride, is formed via chemical bonds between sodium and
chlorine atoms. The term “molecule” may be familiar to many, and it simply refers to the
smallest unit of a compound that can exist. For example, a water molecule is made up of
two parts of hydrogen and one part oxygen, H,O. A bucket of water contains millions of
water molecules.

In a geological setting, particles of different compounds may be physically bound
together. When this physical bonding occurs, the identities of the original compounds are
retained in the new bound material. Sandstone is an example of physical bonding, and
you can see the individual grains of sand that are cemented together to form the rock.

The third type of bond, electrical bonding, occurs when particles of one kind
“stick” to the surface of another kind of particle. The static electricity that causes pet hair
to stick to clothes is an example of electrical bonds. With electrical bonds, the sub-atomic
particles act like magnets and cause different elements and compounds to be stuck
together. Many of the interesting properties associated with clay are a result of the
electrical bonds that hold clay particles together. Because of the electrical bonds, clay
particles are strongly attracted to each other, making clay “sticky.” These bonds are
somewhat flexible or elastic, which also allows for some stretching between the clay
particles, causing some clays to be highly plastic and flexible, as well as able to absorb
water and expand when wetted.

Electrical bonding also comes into play when other substances attach themselves
to sediment particles. These other substances can be toxic substances from chemicals or
other materials that can substantially increase pollution when sediment washes into our
streams.

2.2.3 Natural Physical Forces. At the same time binding forces are acting to hold
things together as elements or compounds, other forces are acting to move or even tear
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these bonds apart. Naturally occurring forces, such as wind, water, frost action, heat,
gravity, etc. are constantly working to change the surface of the earth. Frequently these
forces work very slowly to change the landscape. They are relentless, however, and the
cumulative effect of billions of years of activity has worn down mountains, carved rivers
and filled inland seas. Although these processes may act too slowly for us to see their
effects, they are ongoing and continue to affect the earth’s surface.

These processes not only shape the
surface of the earth, but the habitat that
humans need to survive. For example,
many productive agricultural areas are
dependent upon nutrients that are
deposited when sediment-laden
floodwaters spill onto adjacent
floodplains. Many of these floodplains are
used for farming and the deposited
sediments act as natural fertilizers for the
farmers. Roads are also a necessary part of
our human habitat and the effect of the

natural forces on our roads creates the 2 - 04 The relentless force of gravity causes
need for road maintenance activities on a bank failures, downed trees, loss of road gravel
routine basis. As discussed in greater and water erosion.

detail later, these gradual processes and
forces are so intricately related to other natural systems that they act to sustain all life on
earth.

On the other hand, acts of mankind
frequently disrupt these natural processes and
forces and thereby accelerate rates of erosion. This
increased rate of erosion is faster than naturally
occurring rates and is referred to as accelerated
erosion. This manual, with its proposed practices,
is intended to eliminate or at best alleviate
accelerated erosion. Understanding these processes
and forces is the key to learning how to use them
to reduce pollution and improve the stability of our
roads.

Gravity, water lubrication, erosion, water
currents and frost action are among the wide range
of naturally occurring forces most frequently
impacting our road systems. Gravity is the force
that causes objects to fall or water to flow
downhill. It is one of the most important natural
forces because it influences many of the other
forces. It is also an important maintenance factor

2 - 05 Gravity along with water,
acting as a lubricant, causes slip 2-4
planes.



because it causes road bank failure, downed trees, loss of gravel from road surfaces and
water erosion.

When water gets between rocks or soil particles, it acts as a lubricant to help
particles slide and roll about. When gravity enters into the picture, the slope of the
material may be steep enough that the material may begin sliding along a slip plane. A
slip plane is the movement of material in different directions along a plane of weakness,
and is similar to the sliding that takes place between individual playing cards when
stacked and slanted, (Photo 2-05). It is also common for hillside roads to contribute to
their own failure by creating a dam to natural water flow, trapping and absorbing
downhill flowing water, adding greatly to the weight of soil and causing the bank to slip
or slump along a plane of weakness. Banks can fail slowly by creeping downhill
(sloughing) or catastrophically, such as a landslide.

Erosion is defined as a wearing away and most often occurs with wind or water.
The effects of winds can be seen in the phenomenon of shifting sands. At Cape Cod, for
instance, the sands thrown ashore by the sea are driven inland by the winds, advancing
upon the cultivated lands, burying them and destroying their fertility. The sands from the
beach on the Pacific coast near San Francisco are driven inland in a similar manner again
encroaching upon the more fertile soils. In the fairly dry regions of the interior of our
country, high winds, laden with sand and gravel, are a powerful agent in sculpting the
rocks into the fantastic forms so often found there.

Erosion due to water ranges from the impact of raindrops to water currents
picking up particles and carrying them away from their original location. Erosion due to
the movement of surface water is one of the major physical forces that have shaped our
country’s landscape. Water, in the form of rain or other precipitation, falls to the earth’s
surface and either soaks into or runs across that surface. Water, percolating through the
earth, slowly disintegrates the hardest rocks initiating the work of soil-making, which we
will address later in this chapter. A large portion of rainwater, however, never soaks into
the earth, but runs off the surface.

Erosion is all about energy — soil
and rock particles do not move unless a
force or process has enough energy to pick
up and carry the particle away. The ability
of water to erode soil and rock materials
depends on four factors:

1. Force of the raindrop
impact;

2. Soil resistance;

3. Volume of accumulated
water; and

4. Velocity (speed) of flow.

2 - 06 Impact of each raindrop on bare soil
initiates the erosion process.
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Vegetation plays a key role in erosion prevention. This will be discussed in detail
in Chapter 4. Briefly, vegetation facilitates soil resistance by breaking the impact force of
raindrops, disrupting and slowing the flow of water across the soil surface, and
reinforcing the soil with root structures to hold the soil in place.

While soil resistance helps prevent erosion, the remalnlng three factors lead to
erosion. A single raindrop falling from the LN
sky on bare soil creates a mini-explosion
to dislodge and scatter soil particles,
initiating the erosion process. Once on the
ground, water from these raindrops
collects and starts to flow downhill,
growing in volume and velocity, forming
rills and rivulets and producing furrows
and gullies. The accumulated water has
lots of energy to erode particles. The
rivulets join to form torrents, creating
ravines and gorges, and further uniting to
form rivers that in turn deposit their load
partly in their course and partly into the
sea. As the accumulated water flows downbhill, steeper slopes cause greater speed,
increasing the energy and erosive capacity of the flowing water.

"2 - 07 Flowing water picks up volume and
velocity causing further erosion.

While each of these factors can cause erosion, the impact from a combination of
these factors can be great, causing everything from washouts and bank failures to
flooding and complete roadbed failure. The width and depth of the Grand Canyon, which
has been carved over millions of years by the Colorado River, is testament to the
tremendous erosive power of water.

Our landscape is continuously
being altered by water and erosion with
material eroded from one location being
transported and eventually deposited
somewhere else. In this fashion, the
landscape is altered in two locations, the
point of original soil erosion and the
location where the material is deposited as
sediment.

Frost action, or the freeze-thaw
process, has also helped to change the face
of the earth. When water freezes, it

2-08 Deosii of sediment alters the .
landscape. expands and exerts pressure on anything
that contains it — like the soda can that was
stuck in the freezer and “exploded” when it froze. When water gets into the small cracks

in rocks, the expanding ice can split the rock. Bear in mind that a large part of our climate
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has drastically changed, swinging from temperate to near-arctic conditions during the
advance and retreat of glaciers over several periods of time. As will be discussed in
Chapter 3, this freeze-thaw process also causes rocks to move upward through the road
base and surface; causes potholes to form; and causes posts, poles and structural
foundations to shift or tilt.

2.3 Rocks

2.3.1 Rock Families. In their study of the earth’s history, geologists have
identified three basic rock families: igneous, sedimentary, and metamorphic. What family
a rock belongs to is determined by the way in which the rock was formed.

Igneous rocks form when molten rock (magma) cools and hardens. Lava is a form
of magma that erupts from volcanoes, and when it hardens, forms volcanic rock. Hawaii
and Iceland, both volcanic islands, are primarily made of volcanic igneous rocks. Other
types of igneous rocks also form beneath the surface of the earth when magma oozes and
intrudes between layers of existing rock. Igneous rocks are usually our older rocks
underlying the stratified sedimentary rocks forming the great mass of the earth’s interior
and forming the axes and peaks of our
great mountain ranges, such as the Sierras
and the various Colorado ranges.
Examples of igneous rocks include granite
and diabase.

Sedimentary rocks form when the
elements (sun, wind, water temperature,
etc.) wear away rock and soil and the
eroded particles wash into low-lying
depressions where they are deposited.
Over time, these sediments may become
fused together by natural cementing,
compression, or other methods, forming
sedimentary rocks. Common examples of
sedimentary rocks include shale,
sandstone, conglomerate, and limestone.

Metamorphic rocks make up the third family. These rocks have been changed
from their original form by heat, pressure, or chemically active fluids to produce new
rocks with different minerals and texture. These heat, pressure, or chemical processes
may act on any of the three families of rock to produce a new metamorphic rock.
Examples of metamorphic rocks include slate, schist, gneiss, quartzite, and marble. Shale
often serves as a parent material that is metamorphosed into slate, while sandstone may
become quartzite and limestone may become marble.

2.3.2 Geological Provinces. As mentioned in Section 2.2, geologists have divided
the United States into physiographic provinces. Each province has a vastly different
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geological history that has influenced the local geology and the shape of the landscape.
Geological processes and natural forces take place on a number of different scales that
range from individual hillsides to entire regions. Consequently, geologic conditions are
not uniform across a province or their immediate subdivisions, geologic sections. Site
conditions may even vary between locations within the same local government limits.

Surface water erosion has played an important role in shaping the landscape in all
the physiographic provinces. Surface water draining from the landscape has eroded and
carved many, if not all, of the river and stream valleys that we see today. In many
locations, this erosion was tremendous and considerably increased the difference in
elevation between the highest and lowest points. The stream erosion process will be
discussed further in Chapter 4.

Several periods of glaciation occurred across the northern part of our continent in
which large masses of ice in the form of glaciers altered the landscape with their passage.
These glaciers were part of a continental ice sheet that covered most of Canada and the
northern part of the United States. These glaciers shaped the landscape by grinding away
and lowering the tops of hills, producing rounded uplands and broad, flat-floored valleys.
The first glaciers advanced approximately 800,000 years ago with the most recent
glaciers advancing only 24,000 years ago.

Glaciers form when snow
accumulates to a depth of many feet,
compressing the snow at the bottom of the
pile into ice. When snow accumulates on
top of the glacial ice, the additional weight
causes the glacier to slowly move
downhill. Glaciers act like huge belt
sanders and conveyor belts. Large
quantities of rock and smaller fragments
become frozen and trapped in the ice.
These rocks frozen in the ice of the 2 - 10 Glaciers shaped much of the landscape
advancing glacier scrape, grind, and gouge  across the northern United States.
across the landscape, carrying soil and
eroding the underlying bedrock as the ice mass slowly slips downhill. This erosion is
particularly effective when the underlying rock is as soft as many of the shales and
limestones. When glacial ice melts, it leaves behind deposits made of till and outwash
that can sometimes be greater than 100 feet in depth.

Till is an unsorted mixture of clay, silt, sand, gravel, and larger particles that was
left in piles at the edges or beneath glaciers. Outwash, as the name implies, is composed
of well-sorted gravel and sand sediments deposited by streams running away from the
ice. Outwash often filled the bottoms of valleys leading away from the glaciers, leaving
behind relatively shallow, broad, and level valley bottoms. These outwash deposits
frequently serve as a source of low-cost bank run gravel for use on roads. This material,
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however, is usually not good road material and can be a major source of sediment and
dust pollution.

Local government road managers should become familiar with their state and
local geology in order to gain a better understanding of their site conditions and the
driving forces shaping those conditions. Additionally, they should have a good working
knowledge of the types of rocks and materials available for road maintenance. As we
shall see in future chapters, the geological provinces not only define the local topography
and the existing rocks and soils, but also relate to other natural systems such as
ecoregions, vegetation, and forest types that impact the way we maintain our local road
system. Many states have Web sites showing the physiographic provinces contained
within their state with a description of the provinces and rock formations that are
predominant for the region. Appendix 2 maps Pennsylvania’s physiographic provinces,
showing the rock types and topography of each province. Other sources of information on
local geology include local libraries, universities, agricultural extension offices, county
farm service centers, and the U.S. Department of Agriculture (USDA), Natural Resources
Conservation Service (formerly the Soil Conservation Service).

2.3.3 Rock as a Road Material. As previously discussed, the geological history
of an area determines the characteristics of an area’s underlying rock structure.
Consequently, the characteristics of the locally available materials determine the
suitability for road materials as well as the potential for creating environmental problems.
Three important major material characteristics that often help determine the structural
and environmental suitability for road use are hardness, durability, and the pH.

A gravel road surface material is directly subjected to vehicles traveling on the
road, unlike a base or subbase material under a paved asphalt or cement concrete
pavement. In this respect, the hardness of the surface material becomes important to
withstand the constant grinding by vehicle tires. A material’s hardness can be measured
in comparison to a diamond. In roadwork, the Los Angeles Abrasion Test method can be
used to measure the aggregate’s hardness
or abrasion resistance. This test measures
the percent weight of material loss or
abraded away by tumbling a specific
sample of sized material in a drum with
steel ball bearings at a fixed speed and for
a fixed time (Photo 2-11). Results are
abbreviated as LA-xx where xx is the
relative hardness. For example, a type of
rock with a LA-22 is abrasion resistant
since it has only lost 22% of its weight,
while another rock with a LA-70 is softer
and less resistant to abrasion because 70%
was worn away from the sample.

5

2-11 Lbs Angeles Abrasion Test Drum.
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The hardness of a material is an important factor when selecting road material
because it determines how easily the material will be physically broken down and worn
away. Road materials are broken down by both vehicle traffic and environmental
conditions, resulting in successively finer particles. These fine particles are then removed
from the road as sediment or dust, which can negatively impact the surrounding natural
systems. The removal of fine particles as dust and sediment also means that road material
is being lost.

Another measure of a rock’s performance as road material is durability, a term
used to express a rock’s resistance to frost action. Durability can be measured by repeated
saturation in a salt (sulfate) solution. Crystallization of the salt in cracks in the rock
causes the rock to split. When the test results of a sulfate test are received, remember it is
really expressing the reaction to frost. Because this characteristic is critical when
aggregates are bound in cement or asphalt, the levels for these applications are more
stringent (e.g., durability factor of 10) than those used where the aggregates are not
bound (e.g., durability of 20).

The third characteristic is the pH of the rock used as a road material. Chemical
tests for pH measures the acidity or alkalinity of a material, with the pH scale ranging
from 0 to 14.0. values of less than 7.0 are acidic, while values greater than 7.0 are basic
or alkaline, with a value of 7.0 being neutral. For the purposes of this manual, the pH
measures the ability of a material to increase or decrease the acidity of soil and water.
Fine particles worn from the road have chemical characteristics, and when this dust or
sediment settle, the particles can change the pH of the surrounding soil or water. For
instance, dust from crushed aggregate having a low pH can be washed into an adjacent
trout stream. The acidic particles then mix with the water and increase the acidity of the
stream. Because plants and animals can only tolerate a certain range of pH conditions,
this increased acidity may decrease or eliminate the productivity of the trout stream. The
health and productivity of terrestrial plants and animals can also be negatively impacted
by changes in pH. Particles with a different pH may affect soils, thereby impacting
plants, crops, and organisms utilizing these soils.

The harmful effects of acid rain is one of the major reasons why we must be
careful not to further alter the natural pH of our rivers, streams, wetlands, and soils with
road materials. Acid rain is caused when moisture (raindrops, snow, fog, clouds) in the
atmosphere is exposed to gaseous and particulate air pollutants that come from our
vehicles, factories, and power plants. Normal rainwater is, by nature, slightly acidic, and
exposure to these pollutants alters the chemistry of the moisture, causing it to become
even more acidic. When the acidified moisture falls as precipitation, it brings the acid
with it, where it can impact the natural pH of the soil and water. In many cases, acid rain
is so harsh that numerous streams and lakes have become so acidic that they are devoid of
almost all life. This form of environmental pollution is everywhere, but some areas are
stressed more than others. Since many natural systems are already stressed by acid rain,
the environmental impacts of even slight changes in pH caused by eroded road materials
may be great.
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Our ability to be environmentally conscious is based on attention to local
conditions. The variety of both land and water communities necessitates choosing the
right road material for each situation. There are roads in areas where rare, acid-loving
plant species grow. Placing limestone on those roads could raise the pH of those areas,
destroying the habitat that those species require for survival. Conversely, placing acidic
shale on a road that is upslope from a clover field could drive the pH of the field’s soil
down below tolerable levels. It is critical for us to be aware of the potential impacts that
our road maintenance activities have on our natural environment.

Local government road personnel should also be aware of threatened and
endangered species living within their jurisdiction. These plant and animal species are not
only protected by federal and state laws, but they also deserve every official’s and
citizen’s protection so that they survive for their own benefit and for that of future
generations. Just one thing such as changing the pH of their required habitat by not
paying attention to discharges from road operations and maintenance activities, cannot be
justified because both the liability and ethical concerns of such actions are tremendous.

The value of a good road aggregate along with other important road aggregate
characteristics and specifications will be further discussed in Chapter 3 with an appendix
of example state specifications.

2.4 Soils

Soils play an important role in the construction, maintenance and operation of dirt
and gravel roads because most of these roads are built directly on soil. Characteristics of
these soils, such as particle size, type, and combinations, influence the properties of the
soil. These soil properties, which can include things like drainage, erodability, suitability
as a road subgrade material, and use as a growth medium, influence many of our
necessary road maintenance activities discussed in this manual as well as those activities
currently being performed.

2.4.1 Soil Formation. Soil formation is a component of the larger geologic cycle,
and the rocks making up the local geology commonly serve as parent material for a
region’s soils. Parent material is the raw, intact rock that eventually breaks down into
finer and finer pieces which, when combined, are called soil. This process of soil
formation can take from 10 to 10,000 years. Soil formation also includes the addition of
decomposing plant and animal matter brought by organisms living within the soil, which
adds fertility to the newly formed soil.

Chemical and physical weathering are two types of mechanisms that transform
parent material into soil. Chemical weathering is the decomposition, or chemical
breakdown, of geological materials. Rainwater acts as the most important agent of the
chemical weathering process because it is, by nature, mildly acidic. Rainwater, however,
also contains other acids obtained from gases in the atmosphere (i.e., acid rain),
vegetation, and from microorganisms, which boost the rainwater’s ability to dissolve the
chemical bonds that hold rocks and minerals together. As these bonds dissolve, fractures
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form along zones of weakness. Limestone is dramatically impacted by chemical
weathering, forming sinkholes and solution channels for underground streams.

Physical weathering can be thought of as the disintegration, or crumbling, of
larger particles into smaller particles. Water also plays a large role in the disintegration
process and the frost action discussed before is a common example of physical
weathering.

These weathering processes often work hand in hand with one type of weathering
occurring along zones of weakness created by the other type. Weathering typically occurs
at or near the surface of the earth, with fractures in the rock allowing these weathering
processes to penetrate to limited depths. The degree of weathering usually decreases with
depth below the ground surface. The depth of weathering, however, may vary from area
to area, and geological studies in the Piedmont physiographic province discovered
weathered granite approximately 100 feet below the ground surface. Historical and recent
climatic conditions also influence the degree of each type of weathering. During periods
of glaciation, intense frost action near the glacial margins physically fractured many
subsurface sedimentary rock formations. Currently, moderate chemical weathering with
frost action is common.

Because of local geology’s history and characteristics, parent material varies from
one location to the next. This variation in parent materials, in conjunction with local
weathering conditions, has resulted in the development of many different types of soils
within a small area. The USDA Natural Resources Conservation Service has compiled
county soil survey maps that contain information on the location and types of each
county’s soils.

2.4.2 Soil Particles. As rocks weather, they break down into smaller particles,
forming sand, silt, and clay-sized particles. When physical weathering occurs, these
particles are simply smaller-sized pieces of the parent material, while chemical
weathering alters the nature of the parent material in the decomposition process. The
following Table 2-1 contains information on the actual size of the different particles.

Table 2-1: Soil Particle Sizes

Particle Size Diameter (mm) Field Test
Clay Less than 0.002 Feels sticky
Silt 0.002 to 0.05 Feels like flour
Sand 0.05 t0 2.0 Feels gritty

The size difference between these particles is also significant for a number of
reasons that will be discussed later. To put the particle sizes into perspective, if a clay
particle were considered to be the size of the head of a pin, then a silt particle would be
the size of a kernel of corn, and a sand particle the size of a basketball.

Clay has unique properties that frequently cause it to impact road construction and
maintenance activities. Clay particles have a flat, plate-like structure that is unlike the
irregular and more rounded structure of silt and sand, respectively. This flat shape gives
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clay particles greater surface area for electrical bonding to take place between individual
clay minerals. These electrical bonds give clay its tenacious, sticky properties. The shape
and electrical bonds of clay are also responsible for many of clay’s other interesting
properties, including its ability to absorb water and swell, sometimes to great extents; be
flexible; be slippery; and hold more nutrients than other particles types.

The different particle sizes and the type of material that make up those particles
influence a number of important properties. The likelihood that a material will erode is
affected by shape of the particles as well as the degree of bonding, or cohesion, between
particles. For example, Table 2-2 below indicates that rounded sand particles are likely to
erode, while sticky clay particles are not. Particle properties also influence how well it
serves as a growth medium for vegetation. While clay holds nutrients, many of these
nutrients are bound to the clay and not available for plants. Silt has the most nutrients
available, and sand is relatively nutrient poor. Road managers are probably more familiar
with the suitability of these types of materials for road stability and drainage purposes as
shown in Table 2-2.

Table 2-2: Soil Type Properties

Erodability Growth Medium Road Stability Drainage
Clay Stable Holds nutrients Soft, slippery Holds water
Silt Moderately stable ~ Rich Soft Moderately drained
Sand Unstable Poor Poor compaction ~ Well drained

It is important to note that none of the individual particle sizes or types makes a
good, stable road material. Particle combinations are key! Soils are formed from
combinations of these different particles, and the relative proportions of sand, silt, and
clay-sized particles determines soil types. The combination of different particle sizes and
types, and their properties, influence the overall characteristics of the soils they form.
Knowledge of these combinations and properties can aid decisions regarding
management of dirt and gravel roads, and especially the stability of banks and ditches.

Appendix 6A, Soil Identification in the Field, gives a guide that allows road
personnel to determine soil particle types in the field.

2.4.3 Soil Layers. Because soils are formed from parent material via weathering
processes, they typically develop from the surface downward. Soil development forms
layers in the soil, which are called soil horizons, and may be observed when a trench cuts
through soils that have not been disturbed by agriculture or construction. Figure 2-1, Soil
Horizons, shows an example of these horizons, though not all of these horizons may be
represented in every given soil profile.
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Figure 2-1: Generalized Soil Horizons in Undisturbed Soil Profile

- O Horizon — humus/organic matter just
-~ below the surface

Topsoil
<—— A Horizon - rich in organic matter
-<—— B Horizon — accumulated materials
washed down from A horizon
}Subsoil
}!_’C <«—— C Horizon - partially weathered parent
Nog O material )
- «—— R Horizon - unaltered parent material
Bedrock

Note: a. Not all horizons may be represented in a given soil profile
b. The degree of weathering decreases with depth

The horizons develop hand in hand with the soils, frequently taking several
hundred to several thousand years to become well developed. Changes in environmental
conditions can lead to changes in the development of both the soils and the horizons
within those soils. For example, soils that develop under the saturated conditions found in
wetlands produce unique soil conditions, as will be discussed in Chapter 4.

The upper layers of the soil are
commonly referred to as topsoil. Topsoil
is made up of the O and A horizons (refer
to Figure 2-1). The O horizon consists of a
collection of organic materials resting on
the surface, including seeds, leaves,
branches, vegetation, bacteria, insects,
animal wastes, and deteriorating plant and
s e e animal remains. This organic matter serves
2 - 12 Earthworms live in the A Horizon, the as a valuable source of nutrients for the
first layer of “dirt.” underlying soils.

The A horizon is the first layer of “dirt” and is made up of varying proportions of
sand, silt, and clay mineral materials, along with a substantial amount of organic matter.
Much of this matter has been washed down through the soil from the overlying O
horizon. Plants utilize this layer for the germination of their seeds and the development of
root networks for support and gathering food and water. Creatures such as insects,
earthworms, fungi, and other microorganisms live within the A horizon and provide
several vital functions. These insects, molds, fungi and bacteria help encourage the
rotting of wood and leaves, thereby breaking down the organic matter into more usable
forms. The insects and earthworms burrow through the ground, aerating the soil so that
plant roots can breathe. The burrows of these creatures also help water to infiltrate the
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soil. Infiltrating water can help plants grow, but it also helps recharge groundwater
supplies.

The layer of soil beneath the topsoil is commonly referred to as subsoil. This layer
of soil can be broken into the B and C horizons, as shown in Figure 2-1. In the B horizon,
the parent material has been completely weathered, so few rocks are present. The B
horizon lacks the organic matter that the A horizon has, but does contain extra silt and
clay particles that have washed out of the overlying horizons by water percolating down
through the soil profile. The C horizon is typically very rocky and consists of partially
weathered parent material. The R horizon is the bottommost horizon and consists of hard
bedrock that underlies the soil. Because these subsoil layers do not have organic matter
and biological organisms that the A horizon does, they are not as suitable a growth
medium for plants. Some plants, however, do send roots down into the subsoil layers to
gather water and nutrients that have accumulated in these deeper soils. It is critical to
understand that bank and ditch stability is aided by the plants and their root structures.
Plants are dependent on the soil and thrive best when a natural soil profile is maintained.
Mechanical removal of even leaf litter decreases a plant’s chances of holding the bank or
ditch together. The common practice of removing all topsoil materials and exposing
subsoils is difficult to justify in light of the following valuable insights.

2.4.4 Topsoil Versus
Subsoil. Plants normally grow in
topsoil, and because of this, topsoil
can be used to help road
maintenance projects in several
ways. Topsoil contains many of the
nutrients that plants require for
healthy and quick growth. The
organic content of the topsoil also
helps to retain soil moisture as well
as the vital nutrients, which is then
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kinds of seeds lay dormant in the
topsoil, where they wait for an opportunity to sprout and grow. These dormant seeds
often are the first to sprout when topsoil is disturbed by equipment. All of these things
help new vegetation to become established quickly. As will be discussed in several other
portions of this manual, established vegetation not only looks better, but also prevents
erosion of both the road banks and ditches.

In addition, subsoil cannot develop overnight into a suitable growth medium for
bankside vegetation. It requires a geological time scale to develop into topsoil. For these
reasons, it is important to retain topsoil when performing ditch and other road
maintenance activities so that it can be reused to revegetate the site at the completion of
the work. Chapter 6 will cover this concept in more detail.
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When we consider road construction and maintenance, however, subsoil for road
subgrades becomes the material of choice. We do not need all the vital nutrients to
support vegetation, but we do need a structurally sound material containing the proper
combination of particles to properly drain water away from the road.

It all boils down to the fact that what makes a good garden makes a poor road
and what makes a good road makes a poor garden.

2.5 Summary of Geology, Rocks, and Soils

The construction and maintenance of roads is closely tied into the local geology.
Each region’s geologic history has influenced the rocks and soils underlying and
surrounding its roads. These underlying materials determine the road’s design and
maintenance requirements, and the surrounding materials determine the roadside’s design
and maintenance, affecting vegetation type and growth, bank and slope stability, and
drainage. Geology also explains why some road materials are locally available and others
are not.

Environmental and road problems stem primarily from several relentless, natural
physical forces acting to change the landscape. These forces include gravity, water
lubrication, water currents, erosion, and frost action. Many human activities have greatly
influenced the effects of these natural forces, often resulting in accelerated rates of
erosion and sediment. By understanding and limiting our influence on these natural
forces and processes, we can slow this accelerated erosion and minimize our impact on
the natural environment.

Igneous, metamorphic, and sedimentary rocks are formed over long periods of
time by a number of different geological processes. These processes produce varying
conditions that geologists identify as physiographic provinces. Each province has its own
unique combination of geologic materials, topography, drainage, and overall character.
We have identified hardness, durability and pH as three important characteristics used to
determine the suitability of rocks for use as road materials and their potential for
environmental problems.

Rocks are subjected to physical and chemical weathering processes that break
them down into finer sand, silt, and clay-sized particles. These three particle sizes
combine to form soil. The various combinations of particles size and type influence the
physical characteristics of soil, which then affects the soil’s erosion and drainage
characteristics, as well as its suitability as a growth medium and road subgrade material.
Topsoil contains decomposing vegetation and animal materials and other vitals for plant
establishment and growth, while the “dead” subsoil is better suited to road subgrades.

Rocks and soils form over geological time scales of many thousands of years.
Because our roads are situated within the context of the natural environment, they are not
only subjected to the same physical and weathering forces, but also often act to accelerate
and increase the effects of these forces. As such, it is important to be knowledgeable
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about, respect, and consider the interactions between roads and natural systems in order
to minimize disturbances to both systems.

When road managers understand their local geology, rocks and soils, they can
develop appropriate maintenance techniques. The best maintenance techniques minimize
disturbances while striving to retain the functions of the natural systems and facilitate the
long-term stability of the road and its surrounding environment.

A

[
-
e,
£
J-I

2 — 14 Understanding geology helps to dveIop gd road maintenance practices.
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APPENDIX 2. Case Study: Pennsylvania’s Geology

Geologists have divided Pennsylvania into seven physiographic provinces (see
Figure A2-1). Each province has a vastly different geological history that has influenced
the local geology and shaped the landscape. In general, older rocks (more than 570
million years old) are found in southeastern Pennsylvania while younger rocks (less than
290 million years old) are found in the northwest parts of the state.

Thus, most of the igneous rocks in Pennsylvania are found in the southeastern
corner of the state and are of the intrusive type igneous rock. Sedimentary rocks are the
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most common type of rock in Pennsylvania and cover approximately 85 to 90% of the
state. Metamorphic rocks are again present predominantly in the southeastern portion of
the state.

Surface water was a major factor in shaping the landscape in all seven provinces,
eroding and carving most of the river and stream valleys that can be seen today. The
periods of glaciation occurring in northern Pennsylvania also altered the landscape. The
following province descriptions provide a basic overview of Pennsylvania’s landscape
and its geologic history.

A2.1 Central Lowland Province. This is the northern most province in
Pennsylvania, and is found along the Lake Erie shoreline in Erie County. This is only a
small portion of the Central Lowland Province as it extends from northwestern
Pennsylvania and western New Y ork, northwestward to Minnesota and southwestward to
Texas. The portion of the province located in Pennsylvania consists of a series of sand
and gravel beach ridges that run parallel to Lake Erie. These ridges were formed by the
lake during the last period of glaciation in the area, from approximately 24,000 to 18,000
years ago. As the glaciers retreated and melted, water levels in Lake Erie were higher
than they are today. Waves piled up sands and gravels, forming these beach ridges at the
then current water levels. As the lake’s water levels declined, these beach ridges became
inactive, with vegetation becoming established and stabilizing the mobile sand ridges.
The ridges can now be viewed as the gently rolling land that is characteristic of the area.
Additional wave erosion and relatively steady water levels have caused the more recent
formation of a bluff along the Lake Erie shoreline. Surface water drains towards the lake
in this area, forming steep-sided, narrow valleys that cut across the ridges and into the
underlying shales and siltstones. Rocks in this province include gray and black shale, red
sandstone, limestone, and chert.

A2.2 Appalachian Plateaus Province. This province covers the greatest part of
Pennsylvania, approximately 60% of the state, including 42 counties and extends from
Greene, Somerset, and Fayette counties in the southwest to Erie in the northwest and
northeastward across the northern part of the state to Wayne and Pike counties. The
province was covered by a series of salt and fresh water seas in which sedimentation
occurred. Sediments laid down by these seas became cemented together, forming the
250- to 405-million-year-old sedimentary rocks that underlie this area. During periods
when the land was not submerged, vast swamps and bogs developed. Dead vegetation
from these swamps and bogs accumulated and formed thick beds of peat. Some of these
peat beds were later covered by new layers of sediment, which compressed the peat and
caused it to metamorphose into coal, forming the vast coal deposits that have played an
essential part in Pennsylvania’s history. Surface water erosion has deeply carved an
extensive drainage network across this province. Glaciers covered a large portion of the
northern corners of the sate, where they dramatically reshaped the landscape. Rocks in
this province include red, gray and black shale, red and gray sandstone, limestone,
conglomerate, coal, and chert.
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A2.3 Ridge and Valley Province. The Ridge and Valley Province of central
Pennsylvania is characterized by long, narrow mountain ridges separated by valleys of
varying widths. This province encompasses approximately a quarter of the state and
extends northeastward into New Jersey and southwestward through Maryland. The
province is underlain by the many of same sedimentary rocks that underlie the
Appalachian Plateaus Province and are approximately 290 to 570 million years old. The
subsequent geological events, however, warrant separation of this area into a new
physiographic province.

The earth’s continental plates drift around the surface of the earth at a rate of
about an inch per year, and about 290 million years ago, North America collided with
Africa. This collision resulted in a period of mountain building as the two continents
pushed together. The massive forces involved with this collision caused the relatively flat
rocks within the province to wrinkle and become folded much like a carpet does when the
ends are pushed together. This geologic upheaval resulted in the formation of a mountain
range that was 150 miles wide and at least 2.5 miles high that is referred to as the
Alleghanian Mountains. Approximately 250 million years ago, the Alleghenian
Mountains began to erode away. Because some rocks are more susceptible to erosion
than others, erosion rates differ. Extensive erosion of these mountains has since formed
valleys in areas of soft rock (shales and siltstones) and left erosion-resistant ridges
comprised of very tough sandstone. The ridges and valleys presently cutting across the
state are all that remain of this former mountain range. Rocks in this province include
gray and black shale, siltstone, red and gray sandstone, limestone, chert conglomerate,
quartzite, and dolomite.

As with the Appalachian Plateaus Province, surface water erosion has played a
major role in shaping the current topography of the province. The Susquehanna River,
which cuts through many of the ridges of the province, is evidence of the impact of
surface water erosion on shaping the landscape. The Susquehanna River was able to
erode sufficient material to maintain its course while the underlying land was being
uplifted by the collision of the continental plates. Glaciers have also acted on small
portions of the province, primarily in Northampton, Carbon, Monroe, Luzerne, Columbia,
Sullivan and Lycoming counties.

A2.4 Blue Ridge Province. The Blue Ridge Province is represented in south-
central Pennsylvania in portions of Cumberland, York, Adams, and Franklin counties.
Known locally as South Mountain, this mountain ridge extends southwestward into
Maryland and Virginia, where it is known as the Blue Ridge Mountains. The quartzite
and metamorphic volcanic rocks that make up this highland province are erosion resistant
and more than 500 million years old. Rocks in this province include shale, sandstone,
limestone, quartzite, dolomite, gneiss, granite, marble, and other metamorphic rocks.

A2.5 New England Province. The portion of this province extends
southwestward into portions of Northampton, Bucks, Lehigh, Berks, Lancaster, and
Lebanon counties in southeastern Pennsylvania. This portion of the province is known as
the Reading Prong section, which consists of highly distorted metamorphic rocks that are
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significantly more resistant to erosion than the surrounding sedimentary rocks. Rocks in
this province include gneiss, marble, other metamorphic rocks, and granite.

A2.6 Piedmont Province. The Piedmont Province is located in Southeastern
Pennsylvania and covers approximately 15% of the state. This area was influenced
tremendously by the same collision of continental plates previously discussed and again
formed the Alleghanian Mountains in this area. This mountain building process created
metamorphic rocks that are least 430 million years old. Younger sedimentary rocks
containing intrusions of igneous rock formed in the northern portions of the province
approximately 140 to 250 million years ago during the separation of the two continental
plates. As with the Ridge and Valley Province, millions of years of surface water erosion
has worn down the grand Alleghanian mountains to form the current topography
characterized by broad valleys and gently rolling hills. Rocks in this province include
quartzite, schist, slate, marble, serpentine, gneiss, other metamorphic rocks, red
sandstone, shale conglomerate, limestone, dolomite, diabase, and granite.

A2.7 Atlantic Coastal Plain Province. This province is located in the extreme
southeastern part of Pennsylvania, including almost all of Philadelphia County and
southeastern portions of Bucks and Delaware counties. This province extends from
Massachusetts to Florida, and includes most of Delaware and all of southern New Jersey.
In higher elevations within this province (maximum elevation is about 200 feet above sea
level), sand and gravels approximately 2 to 67 million years old overlie older
metamorphic rocks. In lower elevations along the Delaware River, floodplain deposits of
sand, gravel, silt, and clay are less than 2 million years old. In general, the geologic
history of the province has produced rather flat lands with sandy soils. Many of the sand,
gravel, silt, and clay deposits remain unconsolidated, as they have not had sufficient time
to become cemented together.

A2.8 What Pennsylvania Has to Work With. These previous descriptions of
Pennsylvania’s geologic history with its physiographic provinces show what the local
governments have to work with as far as rocks, soils and road materials. Comparing the
province map with the geology map and a soils map shows the similar patterns (Figure
A2-2 and Figure A2-3). And, of course, the soils will dictate types and growth of
vegetation and the environment in which the roads exist. It explains why many unpaved
roads through most of Pennsylvania use limestone as the aggregate road material
available from local quarries. It also explains the lack of limestone across the north
central part of the state where only softer shales are available, creating more problems of
erosion and dust along with increased road maintenance. Geologic history shows how the
steep hills and deep valleys in some sections were formed. Roads and banks in these
sections are difficult to stabilize because they must fight gravity’s relentless force.
Pennsylvania still has approximately 20,000 miles of unpaved roads. Sediment and
erosion from these roads represent major environmental problems. Part of Pennsylvania’s
rich geological legacy is its vast resources of coal. But this bounty has come at a price.
Acid mine drainage into the streams costs taxpayers millions of dollars each year in
cleanup expenses.
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Figure A2-2: What do you have to work with?
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Environmentally Sensitive Maintenance

for

Dirt and Gravel Roads

Chapter 3: Water, Erosion, Drainage and Road Basics

3.1 Introduction

Water is essential for all life on
earth. Water, however, can also cause
devastation through erosion and flooding.

In the first chapter, we detailed the

historical relationship between roads and
streams, the interrelationship of our roads
and the environment, and the importance
of good roads and a good environment for
a good municipality. In Chapter 2, we
discussed the relentless forces shaping the
earth, specifically gravity and water. Now
we need to discuss water, accelerated
erosion and the importance of proper

3-01 Never underestimate the force of water.

drainage in maintaining our roads and the

environment.

3-02 Stability depends on percentages
of rock, sand, silt, and clay.

We will cover basic road maintenance
materials and techniques to ensure an
understanding of accepted and proven practices in
maintaining dirt and gravel roads and establish a
basis for our environmentally sensitive
maintenance practices.

3.2 Water and Erosion

3.2.1 Principles of Erosion. Never
underestimate the force of a drop of rainwater. To
recap what was discussed in Chapter 2, it is that
water drop exploding when it impacts bare soil
that starts the erosion process. Water’s eroding
force increases with its volume and flow velocity
(how fast it is flowing).

How resistant soil is to erosion depends on
several factors. First, soil type and particle size
are important. Soil stability will depend on the
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percentages of rock, sand, silt, and clay in the soil. A rock bank such as seen in the photo
is stable with little erosion taking place.

A second factor is soil cover,
specifically vegetation. Vegetation breaks
the raindrop’s fall, dissipating its
destructive energy before it hits the soil.
Vegetation also slows down surface water
flow, keeping velocities low and
minimizing erosion.

Plant roots constitute the third
factor. Never underestimate the value of
root systems as soil reinforcement. Plant
roots provide additional stability by
removing water from the soil. The 3-03 Vegetation provides many advantages in

importance of plant roots and root systems ~ ©"°%'°" control.

will be discussed more thoroughly in
Chapter 4.

3.2.2 Accelerated Erosion.
Remember, the greater the velocity, the
greater the erosive force. Erosion is a
natural occurrence in nature. When roads
are constructed, however, they interfere
with natural systems and concentrate
water, increasing its volume and velocity,
causing accelerated erosion. It is this
accelerated erosion that causes severe

3-04 Roads interfere with natural systems,
causing accelerated erosion problems for both our roads and the

environment.

3.3 Water and the Importance of Road Drainage

3.3.1 The Importance of Drainage. Although water may be the life-giving liquid
of our planet, it has long been recognized as the archenemy of our roads. Road literature
provides a rich history of the disastrous effect water has on roads.

In 1820, the great Scottish road builder of the 19" Century, John Loudon
McAdam, stated “...experience having shown that if water passes through a road and fills
the native soil, the road, whatever may be its thickness, loses its support and goes to
pieces.” In 1909, Connecticut State Highway Commissioner, James H. MacDonald,
remarked, “If there is no drainage, there will be no road, no matter what the material may
be.” In 1912, John Nathaniel Mackall in his Drainage, the Fundamental Principle of Road
Construction discussed his conclusion after a seven-year study by stating, “Lay out your
road with the object of draining it and never lose sight of this point. It is the ABC of road
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building and maintenance.” A New Hampshire Highway Department Handbook in 1916
stated it this way: “Always remember and apply this most important rule: Keep water
OFF your road, OUT of your road, and AWAY from your road.”

These statements are just as true today! Good road drainage and proper
maintenance is the best way to combat water’s damaging influence — keeping water off,
out of, and away from the road. Proper drainage cannot be over-emphasized in road
maintenance and construction. Water affects all aspects of road serviceability.

3.3.2 Characteristics of Water. To
understand water and its effects, we must
understand water’s three key characteristics that
concern us in road maintenance:

1. Water acts as a lubricant

2. Water expands upon freezing

3. Water runs downhill

Remember these factors as related to those
relentless physical forces back in Chapter 2. A
more detailed discussion of these characteristics is
required to determine the concern for roads.

Water acts as a lubricant. Water’s
presence allows materials to move more freely by
decreasing the friction between particles. Photo 3-
05 shows a well-lubricated road. When a road
gets wet, aggregates are more likely to move or
become displaced under traffic loads. This in turn
causes surface depressions that collect more water

and result in even more weakened areas and soft
3-05 Water acts as a lubricant, spots.
allowing material to move more freely.

If water is within the road structure and freezes, it expands and forms ice lenses as
shown in Figure 3-1. This freezing process starts at the road surface and moves
downward into the road
structure. As the freezing
takes place, more water is
drawn up from the soils
below. Thus, the road
structure becomes
supersaturated. The ice
lenses formed from the
expanded frozen water

Cpacen 5 rescure that 1 ARSI AR AR —

usually transmitted

Figure 3-1: Ice Lens Formation and Capillary Rise

Frost Heave

Ice Lenses

Frost Table
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upwards, deflecting the road surface, causing frost heaves or frost boils. As the first step
in controlling this frost damage, we must recognize the three conditions required for frost
damage to occur: freezing temperatures, frost-susceptible soils, and water. The
elimination of any one of these three conditions will prevent frost damage.

Since the power to control temperature is beyond us, we can concentrate on the
remaining two. Some soils are more susceptible to frost heave, such as fine-grained clay
soils, as was described in Chapter 2, Geology and Soils. It may not be feasible to remove
frost-susceptible soils depending on the extent of the problem. Small localized areas can
be considered for removal while larger areas may use alternate treatments with
geosynthetics. Geosynthetics, their properties and uses will be discussed in Chapter 7. A
combined strategy of proper drainage and the use of geosynthetics is usually the most
feasible and cost effective method.

Springtime and thawing brings
additional problems. During the spring
thaw, ice lenses melt, releasing excess
water to the base and subgrade. The
problem is compounded since melting will
occur from the top down, trapping water
from draining downward. This excess
water, if it cannot drain off laterally, acts
as a lubricant, softening our roads and
killing their load-bearing capacity.
Springtime, often referred to as “mud
season,” can be a very trying for road
maintenance crews.

The simplest and most obvious
characteristic of water is that it runs down-  3-06 Spring, “Mud Season,” can be a trying
hill, subject to the relentless force of time for road maintenance crews.
gravity. But we do not maintain our roads with this in mind. How many roads have
ponding problems on the surface? We ignore this obvious characteristic at our roads’
peril. Like gravity, water’s
devastating effects are
relentless.

(/ 3.3.3 How Water

Enters Our Roads. Figure
3-2 shows the many ways
water can seep into our
road structure. Road
surfaces are not impervious
to water, so water can seep
through the surface. The
longer water lays on the

Figure 3-2: Ways in which Water Enters the Road
Through Permeable Surface

Seepage from

from Roadside High Ground
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surface, the more seepage takes place. Water may enter as lateral flow from the roadside
or high ground. The water table may rise and enter the road base. If the water table is at a
level higher than the road base, then we have to look at ways to lower the water table in
the vicinity of the roadway structure using underdrain systems (discussed in a later
section). Even if the water table is low, you may still get water into your road by
“capillary flow” through the soil. The soil acts like a wick in a kerosene heater, drawing
the water upward and into the road. This capillary flow also aids the freezing process as
additional water is drawn up from below. Capillary rise can be quite substantial
depending on soil type, as the following table illustrates.

Height of Capillary Rise through Soils
Soil Type Height of Rise (feet)
Small Gravel 0.1-04
Coarse Sand 0.5
Fine Sand 1-3
Silt 3-30
Clay 30-90

Given water’s destructive effect on our roads, good drainage must be our highest
priority. Further, unless drainage issues are addressed first, all other maintenance work
will not last as long as it should, resulting in a waste of time and money.

3.4 Road Drainage

3.4.1 Drainage Systems. There are two major road drainage systems: surface
drainage and subsurface drainage. The surface drainage system controls surface water
caused by direct rainfall, melted snow, or surface runoff. The subsurface drainage system
drains subsurface water from in our roads or from the subsurface areas surrounding our
roads.

3.4.2 Surface Drainage. Surface drainage involves collecting the water from the
road surface, road shoulders or berms, side slopes and adjacent areas and carrying it away
via downhill slopes, roadside ditches and pipes. More complex surface drainage practices
will be presented in later chapters; :
here we concentrate on road basics
emphasizing the road and shoulder
profile and the road cross-section or
actual structure of the road.

3.4.2.1 Road Crown and
Cross Slope. The road surface acts as
our first line of defense against water,
and the first component of a good
surface drainage system is the road
crown. The road crown means the
center of the road is higher than the
outer edges of the road, as shown in

3-07A good road crown is our first line of
defense against water.
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Figure 3-3. The crown should be a flat “A” shape with a cross slope or drop from the
center to the edge of /2" to %4” per foot or a 4-inch to 6-inch drop for an 8-foot lane.

The crown must be
maintained to allow water
to flow off the road.
Problems develop quickly
when a gravel road has no
crown, as evident in photo
3-08. Water will quickly
collect on the road surface
during a rain, softening the
surface crust. This will lead
to rutting, which can

_become severe if the

Figure 3-3 Road Crown
(flat A shape)

| __E |
/ \
Dirt & Gravel: 1/2” - 3/4” per foot (5-7.5
inches in 10 feet)

3-08 Water quickly collects when the road
crown is lost.

subgrade also begins to soften. Even if the
subgrade remains firm, traffic will quickly
pound out smaller depressions in the road
where water collects, and the road will
develop potholes. A dirt and gravel road
must have crown.

A crown’s ideal shape is a straight
line from the centerline down to each road
edge, the flat “A” shape already mentioned.
This shape can sometimes become
rounded. The term for this is “parabolic
crown,” and it is virtually always a
problem. The middle portion of the road
will have considerably less crown than the

outer portions. This center area is somewhat flat, and water will collect and not drain
from the middle adequately. Traffic will form potholes and ruts. A parabolic crown is
often caused by a worn grader blade. Grader blades, which are worn down through the
center portion of the blade, should be replaced or cut straight with a torch.

With curves, we
need to slope the road from
one side to the other to
“bank” the curve. This
banking of the curve, called
superelevation, provides
for vehicle safety in
traveling around the curve,
as shown in Figure 3-4.

Figure 3-4 Superelevated Roadway
(Curves)

¢

/\%\

Dirt & Gravel: 1/2” - 3/4” min. per foot

3-6



The sloped surface still provides
for proper drainage, getting the water off
the road. The cross slope of the
superelevated section should be a
minimum of %4” to %4” per foot. Sharper
curves may demand steeper cross slopes
for safety. Of course, the steeper we bank
the curve, the faster the vehicles will go.

3.4.2.2 Road Shoulders. Most of
our dirt and gravel roads do not have
defined shoulders. But shoulders provide 3-09 Banked (superelevated) curve.
some key advantages.

If you have shoulders or a berm area, keep it flush with the road edge with a
slightly steeper cross slope, avoiding “shoulder drop-oft,” which becomes a safety hazard
for the motorist. A vertical drop-off can cause a serious accident. The errant driver leaves
the road’s travel way and drops to the shoulder area. When he attempts to return the
wheel will catch on this “lip,” and the driver will end up over-steering, allowing the
vehicle to jump the lip, taking the vehicle into the adjacent lane of oncoming traffic.

Roads without a properly
sloped shoulder or berm area often
develop a “secondary ditch” that
will not allow the water to drain
off and away from the road. This
secondary ditch develops when
road material moves toward the
edge of the road and catches in the
vegetation, forming a barrier to
road drainage, as shown in Photo
3-10. Improper grading techniques
can also leave a windrow of road
material along the edge that acts as

a dam, keeping water on the
3-10 When water cannot drain off the road, the result is roadway.
a “secondary ditch.”

A shoulder or berm area also supports the road structure, preventing road edge
breakdown. Look at a road where the roadside slope drops immediately from the road
edge into the adjacent road ditch, and you will probably find road edge deterioration.
Shoulders also allow the water to flow further away from the road, maintaining better
drainage, getting the water off and away more effectively.

And finally, shoulders make the road safer by providing a more defined visible
roadway for the motorist and more room for erratic vehicle maneuvers or pull-offs. With
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all these advantages, developing and maintaining shoulders along our dirt and gravel
roads, where feasible, should become a high priority in our road maintenance program.

3.4.2.3 Road Structure (Cross Section). The crown and cross slope are not only
important for the road surface and shoulders, but also are important for the road base and
subgrade, or the soil on which the road is built. The configuration in Figure 3-5a supports
good drainage.

Road Structure for Drainage

The old
“trench
construction”
method for building
a road consisted of
digging a trench Figure 3-5a
with a flat bottom Supports Good Drainage
and then building
your road, depicted

in Figure 3-5b. Crown Shoulder

WA N -

L
Surface Material !
Base
Subgrade

geology and soil 777" TR Dy
types, this Figure 3-5b Surface M:t/erial
procedure could Can Cause Drainage Problems Base

actually trap water Subgrade
within the road

structure.

Proper construction maintains a cross slope for each layer including the subgrade
and also carries the base materials through to the ditch slope to provide proper drainage
of the road structure.

Notice in the figure that the bottom, or flow line, of the ditch is below the
subgrade of the road. If a roadside ditch is required, this configuration with a 4:1
foreslope from the road into the ditch is the ideal ditch to drain the road surface and base
properly and provide a safety factor for errant vehicles leaving the road. This
construction, however, is not always feasible because of roadside terrain and right-of-way
limitations often found on our dirt and gravel roads. Ditches will be discussed more
thoroughly in Chapter 5 where we address ditch shapes and slopes and look at a variety
of practices that can help us in maintaining our roads and ditches.

3.4.3 Subsurface Drainage. Surface drainage is only part of the overall drainage
picture. We must drain the road subsurface as well. The free draining base of the road
with a proper cross slope is a major component of the subsurface drainage system to
drain the road structure, either into the roadside ditch or subdrain system. The ideal road
structure would have a free draining base material topped with a good wearing course
material, particularly in those areas where subsurface water is a concern.
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The second
major component of
a subsurface e
drainage system is -
an underground —Road Shoulder .~
collector system, — < Cut or Fill
usually referred to Sections
as a subdrain. A -
typical subdrain, as

Oy

shown in the Figure Free-draining aggregate

3-6, consists of a Subdrain Perforated Pipe
trench parallel to

the road with a free
draining aggregate and a perforated pipe to carry the water to an outlet and away from the
road. All subdrains should have an outlet. Whether or not adequate ditching exists,
subdrains may be necessary to remove the water from the road structure and the
surrounding area and/or to lower the water table.

Figure 3-6 Subdrains e

But subdrains are subject to clogging over time. Soil fines, carried into the
perforated pipe, can build up sediment, eventually blocking water flow and causing the
system to malfunction. Some perforated pipes have perforations halfway around the pipe.
These pipes should be installed with the perforations on the down side to prevent fine
particles from falling through the holes and clogging the system. Water will find its way
into the pipe (the path of least resistance) and keep the bottom flushed more effectively,
prolonging the life of the system. Traditionally, roofing paper has been placed over the
free draining aggregate in the trench to reduce the amount of fine particles migrating into
the pipe.

Chapter 7 will discuss the use of geotextiles and geosynthetic pre-fabricated
subdrains as cost effective alternatives that prolong system life.

3.5 Road Materials

Road materials play an important part in a road’s structural stability. Additionally,
good quality road materials reduce erosion, sediment, and dust pollution. Road material is
normally sorted by type, size, shape, and gradation. In addition, as discussed in Chapter
2, we need to be concerned about other factors such as hardness, soundness, pH, and
plasticity (cohesiveness/stickiness) to adequately protect both the road and the
environment.

3.5.1 Quality Aggregates. What do we mean by quality road aggregates? The
answer to this question will vary depending on location (remember geology and the
physiographic provinces), aggregate availability, intended aggregate use, and other
factors. Some regions do not have good aggregate sources. Common available materials
may include:

e granite
e (quartzite
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limestone

sandstone

shale

glacial deposits of stone, sand, silt and clay or

river run gravels. One thing to remember — using the best material
available will prolong the road’s life, decrease required maintenance
work, and further protect the area’s natural environment.

3.5.1.1 Surface Aggregate versus Other Uses. Many times surface aggregate
used for our dirt and gravel roads comes from stockpiles processed for other uses. For
example, the aggregate may have q. f\; g}\} T '\'\;“j I 1/ :
been produced for use as a base or ' ;‘f ) }\i’rs';% i
subbase material beneath a paved & y {)«-) v vf@_ﬂ'h‘- V%, 8 o
road surface. But there are major : ‘%“'Ef;"‘\ LT
differences between surface >
aggregates and base course
aggregates. Base course aggregate
is not designed to withstand traffic
and the constant, direct grinding of
wheels. A base aggregate may et l »...
have larger sized stone and less o, ;3 m‘:
fines than what is required for a
good surface aggregate. Base 3-11 Road Aggregates
aggregate may not be suited to
developing a hard crust surface and remaining bound and stable under traffic. A free-
draining fill aggregate may be great as fill material for building sites, but the high sand
content that allows for good drainage will remain loose and unstable as a surface
aggregate on an unpaved road. A good surface road aggregate needs a fine binding
material having more plasticity or stickiness than subbase aggregate.

There are still many local governments that use their State Department of
Transportation (DOT) specifications for their road aggregates. But many states only have
base/subbase course aggregate specifications and do not have an actual unpaved road
surface aggregate specification. Aggregate meeting base material specifications will
probably not meet unpaved road surface requirements.
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3-12 A good road surface aggregate will be well graded from fine to coarse.

3.5.1.2 Road Aggregate Specifications. Dirt and gravel road aggregate must be a
granular, well-graded, crushed (irregular) material. Well-graded means the aggregate has
a variety of sizes from a maximum coarse material down to a fine material and
everything in between. The fine material (passing a #200 sieve) fills all the voids between
the larger particles and locks everything together in place. The fines hold the road
together, obtaining good density and a hard crust surface to shed water. Most
specifications will have a required content of 8% to 15% fines.

Another characteristic of good road fines is their plasticity, or binding quality.
Although fines are needed to fill the voids between the large aggregate, a percentage of
good plastic fines, such as natural clay, is needed to bind the material together and
maintain a tight surface to shed water and prevent dust. A plasticity index (PI) of 4 to 12
is a common specification requirement.

Please note that we are describing a gravel road “surface” material. The amount
and plasticity of this fine material determines how effectively it locks in place to form a
tight surface that will shed water and provide a smooth driving surface.

Road “base” material plays a different role in effective drainage. This role dictates
that base material contain less fines and have a plasticity index of down to 0% to allow
water to drain from the road structure. Large quantities of plastic fines in the road base
will clog drainage channels in the base material and prevent proper drainage. A poorly
drained road will lose strength and stability and ultimately fail.

We have discussed several times how common maintenance techniques can spell
disaster for dirt and gravel roads. This is another example. Maintenance crews will
commonly use only one type of material for both the road surface and the road base. But
that results in either a weak road surface or a poorly drained road base. The best
approach, particularly in those areas of poor drainage, would be to specify two types of
road aggregates, one for the road surface and one for the road base.
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The aggregate should also be angular or irregular in shape. In some regions, it is
common to use material directly dredged from streams or by simply loading material
from a site onto trucks without processing — hence the terms “river run” gravel or “bank
run” gravel. These natural deposits will most likely not meet gradation requirements and
will contain rounded natural shape material that will not lock up for stability. Have you
ever tried to stabilize a hand full of marbles?

The benefits of processing the material by crushing cannot be overstated.
Crushing insures that a good percentage of the stone will be fractured. This crushed,
fractured material will lock together for better strength and stability under traffic loads.
Quarried aggregates will be composed of virtually all fractured particles, resulting in the
best specified road material.

The aggregate must be free of any other debris or contaminants such as soil,
vegetation, or trash. Any contaminant material will only interfere in obtaining good
consolidation and long-term stability.

The importance of additional material considerations of hardness, durability, and
pH were discussed in Chapter 2, Section 2.3.3 in relation to not only the road’s structural
stability, but also to the surrounding environment.

Quality road aggregate with good gradation, shape, plasticity, hardness,
durability, and proper pH will compact well, developing a tightly bound surface to
withstand traffic loads, and reduce washboarding, rutting, erosion, sediment, and
dust for less maintenance and a better environment.

Appendix A for this chapter contains several state specifications for unpaved road
surface aggregate material. Notice the great similarities and the relatively minor
differences in the various parameters. Some titles such as Pennsylvania’s “Driving
Surface Aggregate” say it all. In addition, the Pennsylvania specification reflects the
environmental/structural combination qualities of hardness and pH.

3.5.1.3 Recycled Asphalt. As our paved roads wear out, the asphalt pavement
materials can be recycled. Although there are various recycling methods to restore the
asphalt paved road, this recycled material is many times used for gravel roads. Milling
the old asphalt pavement is a common method used in the recycling process. The asphalt
pavement can also be removed and then processed through crushing. This milled or
crushed recycled asphalt material can create a good gravel road surface. The asphalt in
this material, however, is still the binder, and depending on the age and oxidation
(brittleness) of the material, can still form the characteristic asphalt pavement. This
means that the road will be hard to maintain as a gravel road as far as blading or grading
operations and may develop cracking, potholes and other typical asphalt pavement
distresses. If the asphalt is still somewhat viscous and not hard and brittle, virgin
aggregate can be mixed with the asphalt to overcome some of the asphalt binding quality
and to provide a material that will still remain workable for blading and grading
operations. A commonly used mix would have 50% virgin aggregate.
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3.5.2 Sampling and Testing Aggregates. Aggregates can differ substantially
from one area to another or from one quarry to another. Aggregates can also differ
substantially within the same quarry and may depend on geology, or quarry operations
and procedures in the handling and processing of the material.

Road maintenance managers need to understand the necessity of sampling and
testing aggregates to insure that they are getting a road material that meets the
specifications and makes for a well-structured road. A visual inspection can tell very little
about the quality of the aggregate.

Mechanical Shaker

3-13 Mechanical Sieves

National standards for aggregate sampling require a representative sample of the
aggregate you intend to use. Using a representative sample helps to ensure reliable test
results. A sieve analysis for the proper gradation blend along with other tests for the
specified parameters (plasticity, hardness, pH) is essential to insure the quality of the
aggregate.

Testing costs, when compared to the benefits of a structurally strong road, are
nominal. Using quality aggregates greatly reduces overall maintenance costs and protects
the environment.

= ¥
=

heck pareﬁt material

3-14 Quarry Visit Ic
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3.5.3 Pit/ Quarry Operations. As mentioned, handling and processing at the
quarry has a significant influence on the aggregate quality. Road maintenance managers
would be wise to visit the quarry and talk to the operator. Take a look at the parent
material and check the pile. Observe the equipment operators as they remove the gravel

- -

3-15 Check Moisture Content And Fines

from the face of the quarry pit, process the piles and mix and load the aggregate. As they
remove material, are they getting a good blend? Is segregation of the aggregate visible on
the belt loaders or on the surface of the piles?

Check the moisture content of the material. Grab a handful and compress into a
ball. If the material sticks together when you open your hand, you’ve got a good moisture
level. If it falls apart, it’s too dry. If water runs out between your fingers, it’s too wet.

Some separation of aggregate in a pile is normal. Coarse material will tend to end

up on the surface. A good loader operator will view the pile and then work it
appropriately to obtain a good blend of aggregate.

s

3-16 Aggregate eparatlon In A Pile Is Normal

Contamination of the aggregate can also become a problem. Has all the topsoil
and vegetation been cleared from the top of the removal site? Are the stockpile sites well
maintained, with an uncontaminated level working area? Does the loader operator start
with a lowered bucket too far in advance of the pile, picking up soil or other contaminate
material?
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Loading and
hauling of the
material, even a
good gravel road
material, can affect
the quality of the
road. If the loader
operator does not
work the pile and
obtain a good mix
of material from the
pile, normal
aggregate
separation will
produce undesirable
results on the road.
This is depicted in
Figure 3-7.

Figure 3-7 Using Aggregate Piles Without
Mixing When Loading

- Good Mixture
. - Large Stone

In Te Pile

Long distance hauls can also cause problems. The continual vibrations created by
hauling, especially over longer haul times, can cause aggregate settling in the truck bed
producing a surface of larger stones, as depicted in Figure 3-8.

Figure 3-8 Vibratory Settling of Aggregate

During Transportation

"] - Good Mixture
. - Large Stone

In The Truck
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Quarry visits, including
observations and discussions with the
operators, can establish good working
relationships with the proper spirit of
cooperation and can result in quality
aggregate, good handling practices,
and a stronger, longer-lasting road.

3.6 Basic Road Maintenance
Practices

3-17 Talk To The Quarry Operator

We will primarily discuss the
use of the motorgrader for dirt and
Establish The Spirit Of Cooperation gravel road maintenance. We

recognize, however, that other equipment can work just as well. Front-or rear-mounted
grading attachments for tractors, road rakes, and road drags of various designs are often
used effectively. No matter what equipment is used, the principles of basic road
maintenance remain the same.

= TR . .

Basic road maintenance
practices are designed to produce a
structurally sound road capable of
supporting traffic with a good hard
crust surface and proper crown for
good drainage. Good road surfaces

vary in appearance depending on
3-18 Good road surfaces differ in appearance the type and gradation of the
depending on aggregate type and gradation. aggregate material being used, as

can be seen in the photos. This manual is not a basic gravel road surface maintenance
manual. However, it does discuss effective maintenance techniques that ensure road
stability. Further, the manual emphasizes the importance of proper basic road surface
maintenance in protecting the environment. One of the best resources for gravel road
maintenance is the Gravel Roads Maintenance and Design Manual, developed by the
South Dakota Local Transportation Assistance Program (SD LTAP) in conjunction with
the Federal Highway Administration (FHWA), November 2000. This manual provides
valuable information for road maintenance personnel on gravel road materials and routine
maintenance operations. The following section, Section 3.6, will provide brief coverage
of the basics with several references from the South Dakota manual.

FREnll

3.6.1 Basic Techniques. First, no matter what work is being done on the road, it
should be planned when there is adequate moisture. This usually means that all work
should be done after a rainfall unless there is an available water truck and water source.
Adequate moisture is needed not only to achieve proper compaction for structural
integrity and strength, but also to avoid dust.
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Dirt and gravel roads are usually maintained through three basic practices:
blading or smoothing, reshaping or regrading, and adding new material. Gravel road
deterioration, like any paved road, will develop in stages. Low severity surface distresses
such as roughness, loose gravel, and minor ripples appear first. Blading or smoothing the
road surface frequently to correct these distresses will result in less intense efforts of
reshaping or adding new material. When the road loses crown and more severe
distresses appear, a reshaping or regrading to re-establish proper crown is required. The
more frequently we reshape using existing road material, the less often we will need to
add new material. Sooner or later, however, the road loses crown and enough material
has been lost off the roadside or by way of erosion and dust that there is not enough
remaining material to simply regrade the road. Then we must add new material in order
to re-establish the crown and have an effective road profile.

3.6.1.1 Blading or Smoothing. As
described above, blading a road is needed
when surface distresses appear but the
road still has a good crown. We need to
blade the road to smooth the rough surface
to restore good rideability and prevent
further more extensive distress.

When using the motorgrader, the
moldboard angle and pitch is critical to
doing good maintenance. The moldboard
should be angled somewhere between 30
and 45 degrees, tilted forward, with light
down pressure. A 10 to 15 degree tilt on
the front wheels will help oppose the

3-19 Blading or smoothing a rough surface

O r. restores rideability and prevents further more
resisting forces and stabilize the extensive deterioration.

operations. A speed of 3 to 5 miles per

hour is considered average, but there are many conditions or variables that may require
slower speeds for effective operations. With the blading or reshaping operations,
compaction of the material is often left to traffic.
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Aggressive Cutting Spreading Light Blading

®

Sketches from Soufh i)akota Manual

Operating with proper pitch or tilt of the moldboard is important. Moldboard pitch
or tilt refers to how much the moldboard is tipped forward or backward. The following
excerpts and sketch are taken from the South Dakota LTAP Gravel Roads Maintenance
and Design Manual:

3.6.1.2 Regrading or Reshaping. As stated above, when the road loses crown
and more severe distresses appear, a reshaping or regrading to re-establish proper crown
is required. With the moldboard tilted slightly backward and sufficient down pressure to
produce a cutting action, the road is reshaped to restore proper crown and cross-slope for
good drainage. A minimum of four passes may be required, with a first pass in each
direction to cut and windrow the material to the road center and then a second pass in
each direction to spread the material back across each lane. The cutting action should be
deep enough to cut to the bottom of all existing distresses such as corrugations, ruts, and
potholes or soft spots.

Since this operation is being
performed to restore proper crown and
cross slope, check the resulting cross slope
to insure it meets the half inch to three
quarters inch drop from the center of the
road with the flat “A” shape.

This operation should include a
compaction effort. Using rollers for proper
compaction of the disturbed material will
result in a stronger road for a longer
period of time.

3-20 Checking Cross Slope to insure proper
drainage.
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3.6.1.3 Adding New Material. If there is not sufficient material remaining to

regrade and restore proper crown and cross slope at the proper elevation, additional road
material will have to be added. Prior to adding new material, the road should be in good
shape with all other malntenance work performed All distresses, such as corrugations

: 7 = and rutting, should be repaired and the
road brought into the proper condition and
shape to receive the new material. If the
existing road surface is smooth or has a
hard crust, the surface should be lightly
scarified to loosen surface material to
provide a good bond between the road
surface and layer of new material.
Compaction is again required to provide
the proper density for structural strength
and durability.

3.6.2 Transitions. There are
always those areas where we have to
transition from our normal road crown to
meet other profiles. Transitions are required at road intersections, driveways, road curves,
railroad crossings, and bridges.

3-21 Adding new material.

3.6.2.1 Road Intersections. When two unpaved roads intersect, we need to
gradually eliminate the crown as we approach the intersection. This trans1t10n from
normal crown to a flat profile at the e MY
intersection should be made within
approximately one hundred (100) feet,
resulting in a smooth gradual transition.
The shoulder or berm area of the road
should still maintain a slope for proper
drainage of the road.

When a gravel road meets a paved
road, we need to transition the crown into
the existing edge elevation of the paved
road. As we grade out toward the paved 3-22 Working parallel to a paved road has
road, backdragging may be required in advantages.
order to avoid leaving aggregate on the paved road. Depending on traffic conditions and
safety or operations, working parallel to the paved road can be an advantage in tying into
the edge of the paved road.

3.6.2.2 Driveways. Driveways will also cause a need for transitioning. We will be
discussing driveways in more detail in later chapters as we look at environmentally
sensitive maintenance practices. For now, the basic rules are that we need to grade the
driveway, keeping the low point at the ditchline and not leaving a windrow of material
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across the driveway. The low point at the ditch line insures drainage off of and away

from the road.

3.6.2.3 Curves.
Back in Section 3.4.2.1, we
discussed superelevation or
banking the curve, sloping
the entire road surface from
one side to the other for
vehicle safety in
transversing the curve.
Here again, we need to
transition from the normal
crown to the banked slope
of the curve and then
transition from the banked

Figure 3-9 Transitioning into and out of a curve.

slope of the curve back to the normal crown. This should be accomplished within about
100 feet on each end of the curve, as shown in Figure 3-9.

3-23 Keeping rails clean of road material is

essential for safety.

3.6.2.5 Bridges. At bridges, we
need to transition into the existing bridge
deck profile. Many bridges on unpaved
roads have flat decks that will require the
gradual elimination of the road crown. If
the bridge deck is crowned, the task will
be to transition the road crown gradually

into the bridge crown.

Although we will be discussing
practices for better bridges in Chapter 5,
good bridge maintenance dictates keeping

3.6.2.4 Railroad Crossings.
Railroad crossings also require gradual
elimination of the road crown as we
approach the rails. It is important that our
operations leave the rails clean, keeping
aggregate off of the tracks and being
careful not to damage the rails or the
moldboard. Handwork could be required
using a shovel and broom in order to
insure a safe railroad crossing for both
vehicles and trains.

S e U TR

s

3-24 Road crowns must transition into the
existing bridge deck.
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all road material off the bridge and keeping the bridge drainage facilities clear and open.
Road material buildup on the bridge deck will only retain water or moisture that is
detrimental to the bridge deck and structure no matter whether the bridge is constructed
of metal, concrete or wood.

Bridges need to have good
drainage. Usually drainage openings are
provided in the deck, called scuppers,
which drain directly to the stream below.
Keeping the deck clean is imperative not
only for good drainage and longer bridge
life, but also for prevention of sediment
into the stream.

One of the more troublesome areas
at bridges is the approach area where the
3-25 Drainage openings (scuppers) in bridge road aggregate meets the deck. This
decks must be kept cleaned. approach area demands special attention
and probably more maintenance. When

traffic moves from a rigid bridge deck to a
more flexible dirt and gravel road surface,
the impact forces of those vehicles can
cause problems, resulting in significantly
more maintenance for the approach areas.

3.6.3. Frequency of Maintenance
Operations. No matter when operations
are being performed, remember that the
presence of moisture will avoid dust and

aid in proper compaction. If a water truck
or water source is not available, work
should be planned after a rainfall if at all
possible.

3-26 Bridge approach areas demand special
attention and usually more maintenance.

That brings us to the question of “how frequently do we blade or smooth the
road?” We have already discussed the fact that the more we blade or smooth, the less
often we will regrade or reshape, and the less often we will add new material. In other
words, keeping the road in good condition by blading and smoothing prolongs the road’s
life while cutting maintenance costs.

So maintenance operations are performed “as needed” depending on a number of
variables such as road type and condition, drainage conditions, the weather, and traffic
volumes. How many storms have occurred since the last maintenance was performed?
How severe was the storm? What’s the traffic volume? Do we have a lot of truck traffic?
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Special events may dictate needs, requiring maintenance work in preparation
before the event to put the roads in good shape, or after the event to repair damage.

If we accept the “as needed” scenario, we must inspect the roads frequently.
Routine inspections, supplemented by special inspections after major storm events, are
essential to determining road needs and performing the required maintenance at the right
time.

Equipment operators play key roles in road inspection. The operator can also take
note of other existing problems on the road or roadside, such as damaged drainage pipes
or broken delineators, while he is working on the roads. Operators should keep a notepad
and jot down problems with location details so they can be taken care of later, but in a
timely fashion to prevent any major problems or costs.

3-27 Operators should note existing problems.

Look at the photos in 3-27. These are samples of what an operator could notice
and jot down a note so that maintenance repairs can be planned and the problems taken
care of. ,

On a last note, Photo 3-28 depicts
the “sign” of a professional equipment
operator. He carries a shovel and is not
afraid to use it.

3.7 Summary

We have seen how the dirt and
gravel roads and their surrounding
environment are deeply entangled with
one another. We have also seen how
poorly maintained roads contribute to 3-28 Using a shovel is the sign of a
erosion, pollution, and dust. By using “professional operator.”
appropriate materials and techniques,
local governments can reduce pollution and maintenance costs at the same time.
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APPENDIX 3. Sample Aggregates Specifications

Following are sample specifications for gravel road aggregate surface courses from
several different states. Road personnel should check with their State Department of
Transportation or their Local Technical Assistance Program / Technology Transfer (T2)
Center for specifications being used in their own state. Many state DOTs have their
specifications readily available via their Web sites.

A3.1 Pennsylvania’s Driving Surface Aggregate

Material Specifications: All Driving Surface Aggregate (DSA) is to be derived from
natural stone formations. Stone is defined as rock that has been crushed; rock is defined
as consolidated mineral matter. For use in this program, both are restricted to that which
has been mined or quarried from existing geologic bedrock formations.

All components of the aggregate mix are to be derived from crushed parent rock material
that meets program specifications for abrasion resistance, pH and freedom from
contaminants. Ninety-eight percent (98%) of fines passing the #200 sieve must be parent
rock material. No clay or silt soil may be added. The amount of particles passing the
#200 sieve shall be determined using the washing procedures specified in PTM No. 100.

Size: The required amounts and allowed

ranges, determined by percent weight, for Passing sieve | Lower % | High%
various size particles are shown in Table 1. 1 % inches 100

LA Abrasion: The acceptable limit as -

measured by weight loss is “less than 40% ¥ inches 65 90
loss.” Los Angeles Abrasion test, AASHTO #4 30 65
T-96 [ASTM C 131] shall be used to #16 15 30
determine this property. Existing data

obtained from tests made for and approved by #200 10 20
PENNDOT will be accepted. Table 1. DSA Gradation

Sulfate Test: Soundness or resistance to freeze/thaw [i.e., sulfate test] is not specified
for this application because a gravel road driving surface aggregate is not bound within
a concrete or asphalt mix.

pH: Aggregate must be in the range of pH 6 to pH 12.45 as measured by EPA 9045C.
Optimum Moisture: Material is to be delivered and placed at optimum moisture content
as determined for that particular source. The optimum percentage moisture is to be
identified by the supplier in the bid/purchasing documents.

Transport: Tarps are to be used to cover 100% of the load’s exposed surface from the
time of loading until immediately before dumping. This requirement includes standing
time waiting to dump.

Aggregate producers are required by the program to certify that the aggregate they
deliver conforms to the program specifications.
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Road Surface Preparation: Driving Surface Aggregate will reflect the shape of the
surface to which it is applied; therefore, all road surface preparation work is to be
completed before delivery and placement of the aggregate.

1. Prepare underdrainage, including drain tile, French drains (porous fill) and crosspipes.
2. Address surface drainage features such as broad-based dips, grade breaks, crown, and
side-slope.

3. Establish proper cross-slope in existing base (Fig. 1). Recommended crown or slope is
2 to % inch rise per horizontal foot. Proper shape may be a flat “A” crown profile, an in-
slope or out-slope. If exposed bedrock or insufficient material prevents proper shaping of
the road base, additional base material may be needed.

4. To bind aggregate with the road base, scarify impermeable smooth surfaces such as oil
and chip, exposed bedrock or smooth tight aggregate. Do not loosen coarse aggregate or
chinked stone roadbeds rough enough to permit binding with Driving Surface Aggregate.
5. If required, separation fabric should be placed according to manufacturer’s
recommendations.

Placement: An un-compacted uniform depth of 8 inches of DSA is to be used to
establish the driving surface. Placement is to be in a single 8-inch lift. The preferred
method of application is through a paver. Set the paver adjustments on application
thickness and width so it is unnecessary to use a grader. The required crown or side slope
is to range from ' to % inch rise per horizontal foot. This slope is to be achieved by
properly preparing base and placing aggregate in a uniform lift. When the paver is
applying aggregate, care should be taken to keep the paver at or near capacity at all times.

To fill driving surface areas outside the specified width (e.g., driveway entrances, pull-
offs, and passing lanes), additional DSA is to be added and tapered to grade or butted
against a precut channel of the same depth. If berm or bank edges don’t exist to hold the
new DSA surface, then sufficient material is to be placed, tapered and compacted to form
protective edge berms. Material shall be compacted to a final thickness of approximately
6 inches.

DSA CALCULATION FORMULA

DSA Road Road
Needed = Width X Length X 0.042
(tons) (ft) (ft)

Applies to standard &’ lift, compacted to 6”

Compaction Sequence: Verify that moisture is optimum for compaction. If the material
has dried out, re-wet the DSA surface with a water truck. If clumps of aggregate adhere
to the roller drum, the aggregate may be too moist. Allow drying time before rolling. Do
not use the vibratory rolling mode if that action brings water to the surface of the
aggregate.

Only self-powered machines designed specifically for compaction shall be used.
Compaction with truck tires is not acceptable.
1A. Supported Edge: If edge of placed aggregate is supported by an existing bank
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or berm: First pass: Roll slowly in static mode on the outside edge of placed
aggregate.

1B. Unsupported Edge: If the edge of the placed aggregate is not supported:

First Pass: Roll slowly in static mode near but not over unsupported outside

edges. Once that path is firm, move progressively closer to the outside edge

with static passes until unsupported edge is firm.

2. Sequence: As in all rolling operations, compaction is achieved making
overlapping lengthwise passes beginning at the ditch or berm-side and working
toward the crown or the top edge (if it is a side-sloped or super-elevated section

of road). In no case should the roller be run lengthwise on the top of the road
crown.

3A. Static Roller: The minimum acceptable weight of a static roller is 10 tons.
Repeat the sequence of overlapping passes until desired compaction is achieved.
3B. Vibratory Roller: The minimum striking force of vibratory rollers is 20,000
Ibs. When using a vibratory roller, the initial pass over un-compacted aggregate
should be completed in static mode. All successive passes should be made using
the vibratory mode until the desired level of compaction is achieved. The final pass
over each area should be made in static mode to remove all roller edge marks. The
vibratory roller should be set to deliver between 6 and 17 impacts per linear foot
with the roller moving at the speed at which a person walks on each pass upgrade.
Vibration must be turned off during downgrade passes. Vibrating the drum
when rolling downgrade will cause aggregate to flow in “waves” in front of the
roller, resulting in an uneven surface.

4. Desired Compaction: Unless more refined testing equipment is available,
adequate compaction is indicated when no further depressions are created with a
roller or loaded dump tuck. Cracking of larger stones or rocks in the road surface is
another reliable indication of adequate compaction.

A3.2 Illinois DOT Specifications. (excerpts)(www.dot.il.gov)

Section 402. Aggregate Surface Course

402.01 Description. This work shall consist of furnishing and placing one or more course
of aggregate upon a prepared subgrade.

402.02 Materials. Materials shall meet the requirements of Section 1000, Article 1004.04

1004.04 Coarse Aggregate for Aggregate Surface Course.

a. Description. The coarse aggregate shall be pit run gravel, gravel, crushed

gravel, novaculite, crushed stone, crushed concrete, crushed slag or crushed sandstone.

a. Quality. The coarse aggregate shall be Class D Quality or better.

Quality Test Class D
Sodium Sulfate Soundness” 5 cycle, 25°
AASHTO T104'2, Max % loss

Los Angeles Abrasion 45
AASHTO T96, Max % loss

' As modified by the Department
*Does not apply to crushed concrete.
*For aggregate surface course, the maximum percent loss shall be 30.
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b.

C.

Gradation.

1. For aggregate surface course Type B, Gradation CA6, CA9,
or CA10 may be used. If approved by the Engineer,
Gradation CA4 or CA12 may be used.

2. For aggregate subbase Type B, Gradation CA6, CA10,
CA12,, or CA19 shall be used. If approved by the Engineer,
Gradation CA2 or CA4 may be used.

3. For aggregate Subbase Type C, Gradation CA7 or combined
size CAS and CA7 shall be used.

4. For granular aggregate courses (base, subbase, and shoulder
except subbase Types B and C), Gradation CA6, or CA10
shall be used. If specified, Gradation CA2 or CA4 For
aggregate surface course Type B, Gradation CA6, CA9, or
CA10 may be used. If approved by the Engineer, Gradation
CA4 or CA12 may be used.

5. Stabilized aggregate courses (base, subbase, and shoulder),
Gradation CA6 or CA10 shall be used. If approved by the
Engineer, Gradation CA2, CA4, or CA12 may be used.

6. For aggregate surface course Type A, Gradation CA6, or
CA10 shall be used. If approved by the Engineer, Gradation
CA2, CA4, CA9, or CA12 may be used.

Plasticity. All material shall comply with the plasticity index
requirements listed below.

Type of construction Plasticity Index — Percent'
Gravel Crushed Gravel, Stone, Slag
Aggregate Subbase
Type Aor B 0to9
Aggregate Base Course
Type A or B 0to6 0to4
Aggregate Surface Course
Type A or B? 2t09
Stabilized Aggregate Material
0to9 0to9

'Plasticity index shall be determined by the method given in AASHTO T90. Where shale in any form exists
in the producing ledges, crushed stone samples shall be soaked a minimum of 18 hours before processing
for plasticity index or minus #40 material. When clay material is added to adjust plasticity index, the clay
material shall be a minus #4 sieve size.

*When Gradation CA9 is used, the plasticity index requirement will not apply.

402.03 Equipment shall meet the requirements of the following Articles of Section 1100:

S o0 A

Tamping Roller.................... 1101.01
Pneumatic-Tired Roller.......... 1101.01
Three-Wheel Roller (Note 1)....1101.01
Tandem Roller (Note 1).......... 1101.01
Spreader..............oooeiiiinn. 1101.01

Vibratory Machine (Note 2).....1101.04

Note 1. Three wheel or tandem rollers shall weigh 6 to 10 tons and shall weigh
not less than 2001b/in nor more than325 1b/in of width of the roller.
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Note 2. The vibratory machine shall meet the approval of the Engineer.
Construction Requirements
402.04 Subgrade. The subgrade shall be prepared according to Section 301 except that
Article 301.06 will not apply.
402.05 Type A Requirements. Aggregate surface course, Type A shall be constructed
according to Article 351.05(a) and (b) except the bearing ratio requirements shall not
apply.
402.07 Type B Requirements. Any one or two gradations of the material specified in
Article 1004.04 shall be used except where two gradations of material are used, the
change shall not be made at more than one location on the section.
The surfacing material shall be deposited on the subgrade by means of a spreader.
The equipment used shall be such that the required amount of material will be deposited
uniformly along the central portion of the roadbed.
The material which has been deposited shall be spread immediately to the plan cross
section. Hauling shall be routed over the spread material so it will cover the entire width
of surface. If the equipment used in hauling operations causes ruts extending through the
spread material and into the subgrade, and the subgrade material is being mixed with the
surface material, the equipment shall be removed from the work or the rutting otherwise
prevented as directed by the Engineer.
The Contractor shall keep the surface smooth by dragging or blading as many times each
day as the engineer may direct.
Holes, waves, and undulations which develop and which are not filled by blading shall be
filled by adding more material.

A3.3 Michigan DOT Specifications (excerpts) (www.mdot.state.mi.us)

Section 306. Aggregate Surface Course

306.01 Description. Construct an aggregate surface course on a prepared subgrade or an
existing aggregate surface.

306.02 Materials. Use materials meeting the following:

Dense-graded Aggregate 21AA, 21A, 23A........... 902
Use aggregate 21 AA or 21A if the aggregate surface course will later receive a hot mix
asphalt (HMA) surface. Use aggregate 23 A if the aggregate surface course is to be
constructed without an HMA surface. Use dense-graded aggregate 22A, 23A for
temporary maintenance gravel.
902.06 Dense-Graded Aggregates for Base Course, Surface Course, Shoulders,
Approaches and Patching. Michigan Class 21AA, 21A, 22A and 23A dense-graded
aggregates will consist of natural aggregate, iron blast furnace slag, reverberatory furnace
slag, or crushed concrete, in combination with fine aggregate as necessary to meet the
gradation requirements in Table 902-1, the physical requirements in Table 902-2, and the
following:
A. Dense-graded aggregates produced by crushing Portland cement concrete will
not contain building rubble as evidenced by the presence of more than 5.0%,
by particle count, building brick, wood, plaster, or similar materials. Sporadic
pieces of steel reinforcement may be present provided they pass the maximum
grading sieve size without hand manipulation.
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