A # i -
" r
- 4
. ¥,
& f
’ 2
o ”
oA ’
At A P
i . g
¥ v
d ¢ 2 <
-~ y- ~
- £
{
o [ '
- L
e ! _..-""".'

Lai J
AN 4
’ R L
- /.' = A P!
[ ¥
J BE
" il -,
:.4;: J i
- v i r
1 '_ &
- [ 3

MANUAL FOR
EMULSION-BASED CHIP SEALS
FoR PAVEMENT PRESERVATION

SEPTEMBER 2012



http://www.avadocuments.com/doc/aashto-mebc-1-2012
http://www.avadocuments.com/doc/aashto-mebc-1-2012

MANUAL FOR
EMULSION-BASED CHIP SEALS
FoR PAVEMENT PRESERVATION

© 2012 by the American Association of St
All rights reserved. Duplication

Full document details: AASHTO MEBC-1-2012


http://www.avadocuments.com/doc/aashto-mebc-1-2012
http://www.avadocuments.com/doc/aashto-mebc-1-2012

AMERICAN ASSOCIATION oF
STATE HIGHWAY anD
TRANSPORTATION OFFICIALS

AASH[D

THE VOICE OF TRANSPORBATION

American Association of State Highway and Transportation Officials
444 North Capitol Street, NW, Suite 249

Washington, DC 20001

202-624-5800 phone/202-624-5806 fax

www.transportation.org

© 2012 by the American Association of State Highway and Transportation Officials. All rights reserved.

Duplication is a violation of applicable law.

Publication Code: MEBC-1
ISBN: 978-1-56051-530-2

Documents

Document Sharing Hub

© 2012 by the American Association of St

All rights reserved. Duplication
Full document details: AASHTO MEBC-1-2012


http://www.avadocuments.com/doc/aashto-mebc-1-2012
http://www.avadocuments.com/doc/aashto-mebc-1-2012

AASHTO
EXECUTIVE
COMMITTEE
2011-2012

Voting Members

Officers: REGION II:
President: Kirk T. Steudle, P.E., Michigan Robert St. Onge, South Carolina, One-Year Term
Vice President: Michael P. Lewis, Rhode Island Eugene Conti, North Carolina, Two-Year Term

Secretary-Treasurer: Carlos Braceras, Utah REGION I1I:

Kevin Keith, Missouri, One-Year Term

Regional Representatives: Mark Gottlieb, Wisconsin, Two-Year Term

REGION I:

Beverley Swaim-Staley, Maryland, One-Year Term REGION IV:

James P. Redeker, Connecticut, Two-Year Term Francis Ziegler, North Dakota, One-Year Term

John Cox, Wyoming, Two-Year Term

Non-Voting Members

Immediate Past President: Susan Martinovich, Nevada
AASHTO Executive Director: John Horsley, Washington, DC

Documents—

Document hariné Hub

© 2012 by the American Association of St

All rights reserved. Duplication
Full document details: AASHTO MEBC-1-2012


http://www.avadocuments.com/doc/aashto-mebc-1-2012
http://www.avadocuments.com/doc/aashto-mebc-1-2012

Documents

Document Sharing Hub

© 2012 by the American Association of St

All rights reserved. Duplication
Full document details: AASHTO MEBC-1-2012


http://www.avadocuments.com/doc/aashto-mebc-1-2012
http://www.avadocuments.com/doc/aashto-mebc-1-2012

Chair: Carlos Braceras, Utah

AASHTO

SUBCOMMITTEE
ON MAINTENANCE

2011-2012

Vice Chair: Jennifer Brandenburg, North Carolina
Vice Chair: Robert “Chris” Christopher, Washington

Secretary: Bryan Cawley, FHWA
Liaison: Gummada Murthy, AASHTO

STATE MEMBERS

ALABAMA

ALASKA
ARIZONA

ARKANSAS

CALIFORNIA
COLORADO

CONNECTICUT
DELAWARE
DISTRICT OF
COLUMBIA

FLORIDA

G. Mike Harper
George H. Conner
Ronald D. Pruitt
Michael Coftey
Lonnie D. Hendrix
Marwan Aouad
Dennis G. Halachoff
Tony Sullivan
Emanuel Banks
Tony Tavares
David C. Wieder
Steve Olson
Vacant

Alastair Probert

Mesfin Lakew
Aaron Horton

Tim Lattner

GEORGIA
HAWAII
IDAHO
ILLINOIS
INDIANA
IOWA
KANSAS

KENTUCKY

LOUISIANA

MAINE
MARYLAND

Eric Pitts

Rachel Brown
John Williams
Greg Laragan
Aaron Weatherholt
David B. Johnson
Jason Jones

Bob Younie

Peter Carttar

Tim D. Cunningham
Nancy B. Albright
Edward Merryman
Jon Wilcoxon
Leslie W. Mix
Janice P. Williams
William Drake Jr.
Dale Doughty
Russell A. Yurek
Leonard Schultz

Docum

Document

ents

© 2012 by the American Association of Sta
All rights reserved. Duplication i

Full document details: AASHTO MEBC-1-2012

haring Hub


http://www.avadocuments.com/doc/aashto-mebc-1-2012
http://www.avadocuments.com/doc/aashto-mebc-1-2012

Manual for Emulsion-Based Chip Seals for Pavement Preservation

MASSACHUSETTS  Vacant TENNESSEE Mike Doran
MICHIGAN Mark Geib Greg Duncan

Steve Cook Chris Harris
MINNESOTA Steven M. Lund TEXAS Toribio Garza

Susan J. Lodahl UTAH Carlos Braceras
MISSISSIPPI Celina Sumrall Steven J. McCarthy
MISSOURI Don Hillis Kevin Griffin

Elizabeth (Beth) Wright Lloyd Neeley
MONTANA Jon Swartz VERMONT Scott A. Rogers
NEBRASKA Michael T. Mattison Wayne Gammell

Craig R. Lind Ken Valentine
NEVADA Richard J. Nelson VIRGINIA Erle W. Potter

Anita Bush Emmett Heltzel
NEW HAMPSHIRE  Caleb B. Dobbins Jeffrey Milton

Douglas Gosling WASHINGTON Robert “Chris” Christopher
NEW JERSEY Richard M. Shaw WEST VIRGINIA Steven B. Cole
NEW MEXICO Dennis Ortiz WISCONSIN David I. Vieth
NEW YORK Peter Weykamp Todd Matheson
NORTH CAROLINA  Jennifer P. Brandenburg Mark Woltmann
NORTH DAKOTA Brad Darr WYOMING Kent Ketterling
OHIO David Ray

Halle Jones Capers
OKLAHOMA Kevin S. Bloss U.S. DOT MEMBER

Tom Wadley FHWA Christopher Newman
OREGON Lucinda M. Moore Paul Pisano
PENNSYLVANIA W. James Smith William Beatty

Charles C. Goodhart Steve Mueller
RHODE ISLAND Paul R. Annarummo ]ames Stevenson
SOUTH CAROLINA  James J. Feda Anwar Ahmad

David B. Cook
SOUTH DAKOTA Ed Rodgers

Jason Humphrey

Documents

Document Sharing Hub

©2012by the American Association of Stat:

Allrightsreserved. Duplication i
Full document details: AASHTO MEBC-1-2012


http://www.avadocuments.com/doc/aashto-mebc-1-2012
http://www.avadocuments.com/doc/aashto-mebc-1-2012

AUTHOR
ACKNOWLEDGMENTS

The research reported herein was performed under NCHRP Project 14-17 by the Department of Construction
Management at Colorado State University (CSU) and the department of civil engineering at Texas A&M University
(TAMU). CSU was the prime contractor with TAMU as a subcontractor.

The work was done under the general supervision of Dr. Scott Shuler, Associate Professor of Construction Man-
agement at CSU, who served as the Principal Investigator. The other authors of this report are Anthony Lord, Ph.D.
candidate and Research Assistant at CSU; Amy Epps-Martin, Associate Professor at TAMU; and Denise Hoyt, M.S.
candidate and Research Assistant at TAMU. Additional contributors to this work include Charles Leudders, FHWA
Federal Lands Division; Ben Vagher, A-1 Chip Seal; William Trudahl, Washington state DOT; and Roy Guevera,
Colorado Department of Transportation. The authors gratefully acknowledge the work and technical assistance of
Nikornpon Prapaitrakul, Rongbin Han, Xin Jin, and Charles J. Glover of the Artie McFerrin Department of Chemical
Engineering, Texas A&M University; and of Rick Canatella of the Texas Transportation Institute McNew Laboratory,
Texas A&M University.

CRP STAFF FOR NCHRP REPORT 680

Christopher W. Jenks, Director, Cooperative Research Programs; Crawford E. Jencks, Deputy Director, Cooperative
Research Programs; Amir N. Hanna, Senior Program Officer; Eileen P. Delaney, Director of Publications; and Doug
English, Editor.

NCHRP PROJECT 14-17 PANEL

Field of Maintenance—Area of Maintenance of Way and Structures; Edward J. Denehy, The Gorman Group, Great
Barrington, MA (formerly New York State DOT) (Chair); John Vance, Mississippi DOT, Jackson, MS; John W. Col-
lins, John W. Collins, LLC, Baton Rouge, LA (formerly Louisiana DOTD); E M. “Rick” Harvey, Wyoming DOT,
Cheyenne, WY; Kevin Kennedy, Michigan DOT, Lansing, MI; Joseph A. Mickes, Quixote Transportation Safety, Jef-
ferson City, MO; Luis Rodriguez, FHWA Liaison; and Frank N. Lisle, TRB Liaison.

Documents—

v
Document Sharing Hub

© 2012 by the American Association of St
All rights reserved. Duplication

Full document details: AASHTO MEBC-1-2012


http://www.avadocuments.com/doc/aashto-mebc-1-2012
http://www.avadocuments.com/doc/aashto-mebc-1-2012

Documents

Document Sharing Hub

© 2012 by the American Association of St

All rights reserved. Duplication
Full document details: AASHTO MEBC-1-2012


http://www.avadocuments.com/doc/aashto-mebc-1-2012
http://www.avadocuments.com/doc/aashto-mebc-1-2012

FOREWORD

Emulsion-based chip seals are the most commonly used chip seal type in the United States. These seals are
frequently used as pavement preservation treatments on flexible pavements to seal fine cracks in the underlying pave-
ment’s surface and prevent water intrusion into the base and subgrade. Because chip seals are not expected to provide
additional structural capacity to the pavement, benefits ideally are accrued by their application early in a pavement’s
life before a great degree of distress is exhibited. Although a large body of research is available on chip seal design
practices, the design process in the United States remains empirical in nature—based on experience and judgment.
Procedures that consider the surface condition of the existing pavement, traffic volume, environment, and other rel-
evant factors in determining the characteristics and application rates of aggregates and binder have not been widely
used in the United States.

In spite of their apparent benefits, the use of chip seals for pavement preservation in the United States is ham-
pered by the lack of nationally accepted guidance on their design and construction and appropriate specifications and
testing procedures for constituent materials. Thus, research was needed to identify the factors that influence chip seal
design and performance and to develop a manual that documents design and construction practices and delineates
necessary testing and specifications. Such a manual will provide highway agencies with the information necessary for
designing and constructing long-lasting chip seals and preserving pavements.

Under NCHRP Project 14-17, “Manual for Emulsion-Based Chip Seals for Pavement Preservation,” Colorado
State University of Fort Collins conducted a review of available information relevant to design and construction prac-
tices of emulsion-based chip seals, conducted laboratory tests and field investigations to evaluate the factors affecting
chip seal performance, and prepared a manual for designing and constructing chip seals over hot mix asphalt pave-
ments together with test methods for evaluating some aspects of chip seal construction.

The manual and test methods presented in the NCHRP report will be particularly useful to highway agencies
because the manual provides a rational approach for the design of chip seals used in the preservation of pavements

and the test methods provide appropriate means for control of chip seal construction.
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viii

The appendices contained in the research agency’s final report provide further elaboration on the work performed
in this project. These appendices are not published herein but are available on the NCHRP Report 680 summary
webpage at http://www.trb.org/Main/Blurbs/164090.aspx.
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CHAPTER
INTRODUCTION

This manual was developed for use in designing and constructing chip seals over hot mix asphalt pavements.

It documents best practices based on the findings of research during NCHRP Project 14-17, Manual for Emulsion-
Based Chip Seals for Pavement Preservation. In addition, certain subjective or qualitative judgments previously
needed during chip seal construction have been eliminated in favor of field and laboratory testing. These include the
moisture content of the seal before traffic can be released, judging surface condition so emulsion application rate can
be adjusted for surface demand, and measuring the emulsion consistency in the field. The introduction of these new
techniques should improve the probability of success when designing and constructing chip seals, but they do not
replace the significant judgment required. Also, the success of any chip seal depends on conformance to best prac-

tices, and variance or elimination of these practices often leads to disappointing performance.

1.1 Definition of Chip Seals

Chip seals described in this manual are based on emulsified asphalt binders and natural mineral aggregate chips. The
chip seal is constructed by spraying the asphalt emulsion onto the existing asphalt pavement and then dropping the
aggregate chips into the asphalt emulsion. The purpose of the chip seal is to seal minor cracks in the surface of the

asphalt pavement and provide additional friction.
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CHAPTER

FACTORS
AFFECTING
CHIP SEAL
PERFORMANCE

The performance of a chip seal depends on many factors, including the condition of the pavement to which the
chip seal is to be applied, pavement geometry, traffic volume and type, materials, and construction practices. The fol-

lowing discussion describes these factors and their effects on the performance of the chip seal.

2.1 Pavement Behavior and Condition

2.1.1 Deflection of Substrate

The amount of deflection is an indication of whether future fatigue can be expected. If deflection is significant, a chip
seal may be inappropriate. The maximum level of deflection will vary depending on the traffic volume; however, if
fatigue cracking is already present, chip seal performance may be reduced. However, a chip seal may reduce moisture
infiltration into the subgrade, thus reducing the potential for future fatigue. Therefore, the decision to chip seal over

existing fatigue cracking requires judgment depending on the performance expectation of the existing pavement.

2.1.2 Cracking Severity

Chip seals are most effective as a pavement preservation technique before cracks are ranked as high severity (Peshkin
etal,, 2004), defined as a crack width of 34 in. Although the chip seal binder has the ability to seal cracks greater than
this width, as crack width increases, the emulsion residue is less effective at bridging the gap across the crack and

sealants should be used to fill these cracks prior to chip sealing.

2.1.3 Flushing/Bleeding
Chip seals may be applied to remedy friction loss, but penetration of chips into flushed pavement surfaces may limit

effectiveness unless chips can be retained with lower emulsion application rates. Flushing and bleeding of the existing
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surface often occurs in wheel paths. If this occurs, the emulsion application rate must be reduced in the wheel paths
to prevent future flushing and bleeding. This can only be accomplished with variable spray rate distributors or by

varying the size of the nozzles in the distributor spray bar.

2.1.4 Texture
Surface roughness affects the amount of emulsion needed to hold aggregate chips in place. The texture of the sub-
strate pavement should be evaluated using the sand patch test or circular texture meter (CT meter) prior to chip seal-

ing to determine whether an adjustment to the design emulsion application rate is appropriate and to what level.

2.1.5 Soft Substrate Surface
A soft substrate surface can allow chips to be embedded in the surface after trafficking, resulting in possible flushing.

The ball penetration test has been shown to be an effective tool for measuring this potential.

2.1.6 Uniformity

The amount of emulsion applied to the substrate may need to be varied if the substrate surface does not have the
same texture and compliance along the alignment. Uniformity should be mapped prior to construction to identify
locations where emulsion application rates should vary from design. Uniformity can also vary transverse to the
centerline, which often occurs when wheel paths are flushed. In this case, the emulsion application rate should be
reduced in the wheel paths by using a distributor equipped with a variable application spray bar or placing smaller
nozzles in the conventional distributor spray bar in locations that will affect the wheel paths (Shuler 1991), (Martin
1989).

2.2 Traffic Characteristics

The traffic volume and type of traffic affect the selection of materials used on chip seals. Generally, higher traffic
volume and a higher percentage of heavy trucks on an undivided roadway present a greater likelihood for vehicle
damage if traffic is not adequately controlled during construction. In addition, the volume and type of the traffic are
directly related to the potential for chip embedment in the substrate. Also, traffic acceleration affects chip seal perfor-
mance as chips are more likely to be dislodged under these loads than at constant speeds, which can lead to flushing
and bleeding of the surface. This section discusses the factors that influence the material’s selection process depend-

ing on traffic volume, type of traffic, and speeds.

2.2.1 Chip Selection

Larger chips provide more tolerance for emulsion application variance and are less likely to become totally embedded
by traffic if the substrate is resistant to embedment. Larger chips require higher emulsion application rates for proper
embedment, thus increasing the sealing ability of the chip seal. However, large chips are noisier and provide higher

risk of vehicular damage during construction.

2.2.2 Emulsion Selection

Emulsions modified with elastomeric polymers provide higher adhesion for aggregate chips, often both during
construction and later in the life of the seal. Also, research (Shuler 1991) indicates that on high traffic facilities

(i.e., greater than 7,500 vehicles per day per lane), modified asphalt emulsions are required to hold chips in place
due to reduced emulsion application rates that are necessary to reduce the potential for embedment in the substrate

and consequent flushing.
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2.2.3 Fog Seal

The application of a fog seal over a fresh chip seal provides high color contrast that improves visibility of striping,
and short-term performance improvement (Shuler 2007). Care should be taken whenever applying a fog seal since
pavement friction could be reduced if the fog seal is applied at too high an application rate, the fog seal emulsion has

a high residue content, or the fog seal has not broken sufficiently to support uncontrolled traffic.

2.3 Geometry
2.3.1 Divided/Undivided

Divided alignments generally reduce the possibility for vehicle damage caused by loose, flying chips because of the

separation of opposing traffic.

2.3.2 Gradient/Curves
Steep inclines and curves may adversely affect performance due to tractive forces and slower moving vehicles. There-

fore, traffic control may need to remain in place until the emulsion has cured sufficiently to retain the chips.

2.3.3 Intersections
Turning, acceleration, and deceleration can cause chip loss and flushing. Therefore, traffic control may need to

remain in place until the emulsion has cured sufficiently to retain the chips.

2.3.4 Width
Vehicle movement tends to be more concentrated on narrow, secondary roads than on wider primary facilities. This

results in a greater tendency for flushing in the wheel paths on these types of pavements.

2.4 Highway, Residential, Urban, or Rural

2.4.1 Highway

Chip seals can be successfully constructed on highways with over 7,500 vehicles per day per lane with little or no con-
sequences with respect to vehicle damage (Shuler 1991) if important principles are followed. However, other factors
should be considered regarding the use of chip seals on high traffic highway pavements. Because noise increases with
increasing traffic volume and chip size, smaller aggregates are often desired for high traffic facilities. However, more
accuracy relative to emulsion spray rate is needed when using smaller aggregates because the smaller embedment

depth increases the potential for chip loss.

2.4.2 Residential
Chip seals constructed with larger aggregates are rough textured. This rough surface texture is often unpopular
among residential users such as roller skaters and skateboarders or individuals who need to lie on the pavement to

repair vehicles.

2.4.3 Rural
Rural settings are the most appropriate for chip seals. Traffic tends to move more consistently with less stopping and

starting, and volumes are often lower, creating wider vehicle separation providing less possibility for vehicle damage.
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