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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

Systematic, well-designed research provides the most
effective approach to the solution of many problems facing
highway administrators and engineers. Often, highway
problems are of local interest and can best be studied by
highway departments individually or in cooperation with
their state universities and others. However, the accelerat-
ing growth of highway transportation develops increasingly
complex problems of wide interest to highway authorities.
These problems are best studied through a coordinated
program of cooperative research.

In recognition of these needs, the highway administrators
of the American Association of State Highway Officials
initiated in 1962 an objective national highway research
program employing modern scientific techniques. This
program is supported on a continuing basis by funds from
participating member states of the Association and it re-
ceives the full cooperation and support of the Bureau of
Public Roads, United States Department of Transportation.

The Highway Research Board of the National Academy
of Sciences-National Research Council was requested by
the Association to administer the research program because
of the Board’s recognized objectivity and understanding of
modern research practices. The Board is uniquely suited
for this purpose as: it maintains an extensive committee
structure from which authorities on any highway transpor-
tation subject may be drawn; it possesses avenues of com-
munications and cooperation with federal, state, and local
governmental agencies, universities, and industry; its rela-
tionship to its parent organization, the National Academy
of Sciences, a private, nonprofit institution, is an insurance
of objectivity; it maintains a full-time research correlation
staffl of specialists in highway transportation matters to
bring the findings of research directly to those who are in
a position to use them.

The program is developed on the basis of research needs
identified by chief administrators of the highway depart-
ments and by committees of AASHO. Each year, specific
areas of research needs to be included in the program are
proposed to the Academy and the Board by the American
Association of State Highway Officials. Research projects
to fulfill these needs are defined by the Board, and qualified
research agencies are selected from those that have sub-
mitted proposals. Administration and surveillance of re-
search contracts are responsibilities of the Academy and
its Highway Research Board.

The needs for highway research are many, and the
National Cooperative Highway Research Program can
make significant contributions to the solution of highway
transportation problems of mutual concern to many re-
sponsible groups. The program, however, is intended to
complement rather than to substitute for or duplicate other
highway research programs.

This report is one of a series of reports issued from a continuing
research program conducted under a three-way agreement entered
into in June 1962 by and among the National Academy of Sciences-
National Research Council, the American Association of State High-
way Officials, and the U, S. Burcau of Public Roads. Individual fiscal
agreements are executed annually by the Academy-Research Council,
the Bureau of Public Roads, and participating state highway depart-
ments, members of the American Association of State Highway
Officials.

This report was prepared by the contracting research agency. It has
been reviewed by the appropriate Advisory Panel for clarity, docu-
mentation, and fulfillment of the contract. It has been accepted by
the Highway Research Board and published in the interest of an
effectual dissemination of findings and their application in the for-
mulation of policies, procedures, and practices in the subject
problem area.

The opinions and conclusions expressed or implied in these reports
are those of the research agencies that performed the research. They
are not necessarily those of the Highway Research Board, the Na-
tional Academy of Sciences, the Bureau of Public Roads, the Ameri-

can Association of State Highway Officials, nor of the individual

states participating in the Program.

NCHRP Project 9-3 FY 65
NAS-NRC Publication 1542
Library of Congress Catalog Card Number: 67-61502



FOREWORD

By Staff

Highway Research Board

This report contains a current state of the knowledge with respect to the use of
highway joint and crack sealing materials and methods and will be of special
interest to highway research and materials engineers and technical personnel
associated with industrial organizations that supply sealant materials. The
researchers have made a thorough literature survey of the subject and prepared
an annotated bibliography of about 260 significant items. Needed research on
sealants and related factors is recommended as the result of a critical analysis of
all information assembled during the study. Because joint and crack sealing is
involved in the design, construction, and maintenance of pavements as well as
bridges, engineers in these fields may also find information of interest in this report.

In most parts of the country it is considered desirable that joint and crack
openings in portland cement and bituminous pavements, at bridge abutments, and
along the pavement-shoulder interface should be sealed in some manner to prevent
the infiltration of water into the underlying courses and the intrusion of solid
material into the openings. Both preformed and sawed joints that are placed to
control cracking or allow for expansion of the slabs, and uncontrolled cracks that
develop due to other causes, require sealing under most conditions. Present
materials and construction practices used in sealing joints and cracks result in
highly variable and, in many cases, inadequate performance for environmental,
structural, and traffic conditions.

The Rensselaer Polytechnic Institute approach to the problem of evaluating
joint and cracking sealing materials and practices was to first conduct a survey of
a large number of agencies to collect background information. Responses were
received from 60 State highway and turnpike agencies, 8 Canadian Provincial
highway departments, 303 cities and counties, 57 universities, and 44 associations
and sealant manufacturers. A representative cross section of this group was selected
for a more detailed investigation, including personal contacts. A comprehensive
literature search was conducted to supplement the information obtained from the
survey and all accumulated information was then analyzed to determine the
specific areas of needed research.

The recommended research program for determining the best procedures
to improve the performance of joint and crack sealing activities is quite broad in
scope. It includes studies of pavement movement, skewed joints, construction
specifications, testing procedures and the behavior characteristics of the three
classes of sealant materials which show the most promijse. An education program,
involving highway department, contractor, and material supplier personnel, is also
recommended to help alleviate the problem of inadequate performance of sealing
efforts.
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SUMMARY

EVALUATION OF PAVEMENT
JOINT AND CRACK SEALING
MATERIALS AND PRACTICES

The joints and cracks in pavements are sealed to prevent dirt, stones, and water
from entering these openings. Water and incompressible solids in the joint inhibit
normal pavement movement and cause extensive pavement damage.

The demands made on the sealant material depend on pavement behavior.
The movement of the pavement is a function of joint spacing, joint width, tempera-
ture range, moisture content, subbase type, and traffic volume.

The various State highway departments have been quite willing to test new
sealant materials, as the new materials were developed. Ten States are currently
conducting experiments. Of all the city and county authorities contacted, none
indicated any experimentation and almost all indicated some dissatisfaction with
current methods.

At present, 68 percent of the States and turnpikes surveyed permit use of hot-
poured asphaltic sealants, 10 percent permit use of cold-poured elastomers, and
10 percent permit use of preformed compression seals. Almost all the States indi-
cated an interest in the preformed seals.

Most failures of poured sealants have occurred in the first two winters of service.
However, there are successful installations of each of the various sealant types.
Many of the sealant failures can be traced to inadequate specification requirements,
poor design, spalling concrete, or improper installation.

The current specifications for highway sealants generally contain a bond-exten-
sion test as the only performance requirement. More tests are needed to make the
specifications effective. An adhesion test, a compression-extension cycle, an incre-
mental extension test, and a stress-relaxation requirement should all be investigated.

Crack sealing is receiving very little engineering attention. Most cracks are
simply filled occasionally with a tar or an asphalt.

Research is recommended in the following areas: pavement movement, skewed
joints, crack sealing, and each of the basic material types—hot-poured sealants,
cold-poured elastomers, and preformed seals.

To supplement the proposed research program and insure its effectiveness, an
education program directed toward the improvement of overall sealant performance
is suggested to coordinate the efforts of designers, materials engineers, producers,
and contractors.



CHAPTER ONE

INTRODUCTION

HISTORY

The proper sealing of construction, contraction, and ex-
pansion joints is a problem that has defied practical solu-
tion since the beginning of paved roads. As early as 1912,
work was being done to develop a better joint which would
withstand the rigors brought on by traffic. The earliest
concrete highways were made without either longitudinal or
transverse joints. The result was an indefinite and irregular
crack pattern; consequently, the joint was introduced to
control cracking. During this period before the 1920, the
predominant highway effort was to get the country out of
the mud. Because it was just the beginning of significant
highway construction, there was naturally little sophistica-
tion to the art and very little technical data available. Trial
and error was the only means of comparing materials and
methods for sealing joints. Materials in use at that time
were primarily sand, tar paper, cold-tar pitch, asphaltic
compounds, and wooden blocks, Knowledge began to ex-
pand rather rapidly during the 1920, so that by 1930 suf-
ficient experimentation had been done and enough experi-
ence had been obtained to precipitate discussion of the fol-
lowing factors:

1. The need for expansion joints and their proper spacing
when used.

2. The necessity of expansion joints when contraction
joints were used.

3. The amount of space necessary at expansion joints
(the early concept of joint design).

4. The use of dummy or weakened-plane joints.

5. The use of dowels and closely spaced contraction
joints.

By this time the Bureau of Public Roads was sponsoring
experimental work and in 1940 and 1941 test pavements
were constructed in 5 States in cooperation with the Bureau.
A good deal of valuable information was collected in these
tests, some of which is evidenced by current practice. This
work established the trend away from using expansion
joints in nonreinforced pavements. Expansion joints were
used only at structures or at other locations where stress
relief was particularly necessary. The result was pavements
that were more resistant to pumping and faulting because of
the maintenance of more effective aggregate interlock at the
joints.

Progress was being made and the end of World War II
found most communities facing the problems of rehabili-
tating existing plants and providing for rapid traffic growth.
The subsequent emphasis on highway design gave a new
impetus to the attempts at solving the sealing problem.
The hot-poured sealants, particularly the rubber asphalt

compounds, were still the most popular materials for fill-
ing joints. However, their rather rigid heating control re-
quirements led to the search for cold-applied mastics. By
1950 several test installations had been made with cold-
applied mastics, but none were satisfactory. The most
common problem was a bond or adhesive failure. Pre-
formed, precompressed rubber for expansion joints, devel-
oped by B. F. Goodrich about 1931, was not unknown at
this time. The original method was to place the rubber
gasket in the wet concrete, whereas the usual current
method is to place the gasket with a wheel device into a
formed or sawed joint after the concrete has hardened.
Early field applications of the rubber seals encountered dif-
ficulty because the material was deformed during placement
in the pavement. It was often knocked askew in the placing
or finishing operations; hence this material did not have an
opportunity to perform adequately.

The 1950’s also saw the development of elastomers for
use in sealing highway joints. The 2-component polysul-
fides were the first polymer-type sealants to be used in high-
way joints. Urethanes and other elastomers followed. Un-
fortunately, many of these new products were put on the
market prematurely, as most contractors were not accus-
tomed to dealing with such exotic materials. Many mistakes
were made which even today cloud the performance picture.
During this period, many of the more progressive States
conducted studies of pavement movement and instituted test
installations of sealant materials.

A recent development which looks promising is the
presealed joint., This unit consists of 2 stainless steel plates
and a precompressed sealant material which may be either
extruded Neoprene or an asphalt-saturated foam. The
precompressed assembly is vibrated into the wet concrete
immediately behind the paving train, thereby forming and
sealing the joint.

In past practice joints have been deprived of engineering
attention, and rules of thumb have been indiscriminately
applied. It is only quite recently that the real seriousness of
the joint problem has been fully realized, and consequently
the demand for improved materials and practices has risen
sharply.

DESCRIPTION OF THE PROBLEM

Openings between adjacent highway slabs are sealed to
prevent the intrusion of foreign material, water, and chem-
ical deicing solutions. Sealing techniques are employed
for transverse expansion and contraction joints, longitudinal
joints, and cracks. In highway pavements on grade, infiltra-
tion of water into the joint may result in deterioration of the
subgrade and the slab edges. This loss of slab support ac-



celerates the pumping of slab corners and leads to struc-
tural failure of the slab.

The intrusion of incompressible solids into the joint space
causes even greater problems. Joints filled with solids are
unable to close properly; consequently, extremely high
stresses are built up within the slabs. Because of the un-
even nature of the solid material that has infiltrated into the
joint, nonuniform concentrated stresses in the concrete
adjacent to the joint opening ultimately result in spalling
and progressive disintegration of the concrete. Figure 1
shows a deteriorated armored joint in an expressway.

A recent research study conducted by the University of
Mississippi indicated that approximately 80 percent of the
States that use rigid pavements are troubled with pavement
growth* (IITA). The extreme growth movements which
have been reported are the result of many factors, but the
joints are considered to be a major contributory element.
Joints filled with incompressible material are unable to close
properly. Consequently, the compressive stresses may be
relieved by a blowup in which a portion of the slab breaks
away and moves upward (Figure 2), or the entire slab mass
may translate. These translational movements are particu-
larly destructive at the approaches to bridge structures.
In many cases such movements result in split or tilted abut-
ments and in bridges being literally pushed off their bridge
seats. Figure 3 shows the abutment of a small structure
which has cracked and tilted.

In bridge and viaduct structures, water infiltration
through the joints is more important. Such structures are
usually on at least a minimum grade, so that an open joint
serves as a funnel which directs the flow of salt solutions
onto bridge seats and pier caps. Damage from this source

* Numbers in parentheses refer to the section designation in the
bibliography, Appendix B.

Figure 1. Concrete disintegration adjacent to an armored
joint due to incompressibles in the joint.

alone is costing the State highway departments hundreds
of thousands of dollars annually in maintenance and re-
pair. Figure 4 illustrates the disintegration of a bridge
structure.

RESEARCH APPROACH

To obtain information on the state of the art, it was
necessary to gather information from a wide variety of
sources. A search of the current literature was performed
and a questionnaire was distributed to the many different
types of interested organizations. On the basis of the data
gathered during these phases, personal interviews were
conducted with personnel of various organizations where
information of particular value was indicated. A feedback
between these 3 data gathering phases of the work was
valuable in uncovering sources.

Figure 2. Concrete blowup.



Figure 3. Abutment cracking due to pavement pressure,

Questionnaires

Questionnaires were developed to determine current prac-
tices, research, and experimentation in joint and crack
sealing. These were sent to State highway departments,
turnpike authorities, and Canadian provincial highway
departments. Those cities and counties having highway or
engineering organizations, some 303 in number, were also
canvassed. Other types of questionnaires were distributed
to universities and research organizations. Questionnaires
were also sent to sealant manufacturers to ascertain what
products were available, to detect trends among the pro-
ducers, and to measure their reactions to existing specifi-
cations.

Each survey questionnaire was examined and when it
appeared that a respondent had a particular problem or
interest, additional correspondence was initiated and in
many cases a personal visit was made. Responses were then
analyzed and correlated to determine current practices and
the status of research performed or in progress. This per-
mitted an analysis of trends with comparable surveys previ-
ously conducted.

Literature Search

The literature survey was conducted both manually and by
automated information-retrieval methods, The following
sources were searched for available information:

Rensselaer Polytechnic Institute Libraries
Engineering Societies Library, United Engineering Center
New York State Library

Figure 4. Concrete disintegration beneath an open bridge joint.
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Miller-Warden Associates—National Bituminous Con-
crete Association Technical Literature Survey
National Aeronautics and Space Administration—Insti-
tute of Aeronautics and Astronautics Literature Survey
Highway Research Information Service

The NASA search revealed many articles on exotic ma-
terials of possible future value, but which do not presently
enter the highway picture. The Engineering Societies Li-
brary was especially useful in locating information pub-
lished in other countries.

More than 700 articles of interest were located, examined,
and classified for detailed study. Further evaluation re-
duced this number to 259 references of significant interest.
These references, along with their classification, evaluation,
and annotation criteria, are included as Appendix B. An
existing annotated bibliography (IA-22) covers joint, crack,
and undersealing materials. Because of the limited avail-
ability and the age of this bibliography, no entries were
duplicated as part of the listings contained herein. A sup-
plement to the 1951 bibliography, however, was issued in
1963. Because the supplement may not have received wide
distribution, and because those entries are more current,
selected entries were included as part of this report.

Interviews

Upon completion of the questionnaire survey and after
much correspondence, meetings were held with the repre-
sentatives of 17 State highway departments. The object of
these meetings was to pursue further the questions raised
by correspondence and to obtain opinions as well as direct
answers to several pertinent questions. An attempt was
made to cover all geographic areas which might present dif-
ferent aspects of the problem and to talk with those people
who indicated special problems or interests. The States
selected for further investigation are shown in Figure 5.

Personnel of 18 agencies, associations, and trade organi-
zations were contacted, several of which made significant
contributions. Although little current research on joint
sealing was indicated by universities, 6 were contacted to
investigate work on peripheral problems.

The producers of sealant material and equipment were
the most cooperative and enthusiastic group contacted in
this survey. Nineteen companies were selected as repre-
sentative of the industry. A list of all States, agencies, asso-
ciations, universities, and industrial organizations contacted
during the interview phase of the work is included in Ap-
pendix A.

CHAPTER TWO

FINDINGS

FINDINGS FROM QUESTIONNAIRES

To gather data concerning joint-sealing practices and ex-
perience, questionnaires were sent to State highway de-
partments, turnpike authorities, and city and county high-
way organizations, The data for States and turnpikes were
comparable and, therefore, grouped for analysis. Sixty
questionnaires were sent to these organizations, and replies
were received from 50 (a return of 83 percent). Likewise,
it was found to be appropriate to group cities and counties.
Questionnaires were sent to 303 of these units. Replies
were received from 208 (a 69 percent return). Of this
number, however, only 139 cities and counties reported
that portland cement concrete pavements were being used
and this latter figure was used in the computation of the
percentages that follow.

Tables 1 through 3 summarize some of the information
obtained from the questionnaires. Where an organization
permitted the use of more than one malerial, each is in-
cluded. Table 1 shows the types of sealing materials cur-
rently used for pavement joints and for expansion joints
in structures. The types of sealant failures observed are
summarized in Table 2. Ten States indicated that they were
conducting experiments or tests with sealant materials.

Table 3 lists the materials that have been tried by the States
and subsequently discontinued. The overwhelming ma-
jority of cities and counties, however, indicated that very
little experimentation has been conducted, and consequently
few joint-sealing methods or materials have been rejected.
These organizations displayed only a lukewarm satisfaction
with present methods.

FINDINGS FROM INTERVIEWS
Opinions of State Highway Personnel

During the course of investigation, personnel from 17
geographically distributed States were interviewed. These
were engineers in top positions of the various highway
departments—in the fields of maintenance, design, and/or
materials. Some of the questions asked and the replies
generated are presented in the following. Percentages are
based on the 17-State sample.

1. Why do we seal joints? Are we protecting against
water or against the intrusion of incompressibles?

Seventy percent felt that incompressibles were the

major problem. Bridge joints should be considered



TABLE 1

CURRENT USE OF SEALING MATERIALS IN PAVEMENT JOINTS AND
EXPANSION JOINTS OF STRUCTURES

PERCENT PERMITTING USE IN

STRUCTURAL EXPANSION

PAVEMENT JOINTS JOINTS

TYPE OF STATES AND  CITIES AND STATES AND  CITIES AND
SEALING MATERIAL TURNPIKES  COUNTIES TURNPIKES  COUNTIES
Hot-poured bituminous 68 79 36 59
Cold-poured bituminous 16 6 0 1
Cold-poured elastomers 10 4 18 4
Preformed sealants 10 22 10 14

Finger plates or open joints — — 30 14

TABLE 2

separately, and water is the major problem in bridge
joints. Two respondents questioned the value of seal-
ing at all.

2. Is joint sealing a materials problem or a maintenance
problem?

Thirty-five percent considered it as mainly a main-
tenance problem, whereas 30 percent thought of it
as a materials problem. The remainder considered it
the responsibility of both the departments concerned
with maintenance and materials.

3. Are more studies of pavement movement necessary
as part of a thorough joint-sealing research program?

Sixty percent felt that more movement studies were
necessary. Several respondents made the point that
there are many studies both published and unpub-
lished already available. The need is to fill in the
gaps with detailed studies.

4. Is a review of current specifications a necessity?
Ninety-five percent stated that a complete review was
necessary.

5. Should the ultimate specification be a performance-
type specification only, or should it contain some material
requirements?

Sixty percent felt that the specification should be of
the performance type.

6. Is there a blanket solution which will be applicable
to the entire United States?

Ninety-five percent felt that there is no blanket solu-
tion, because different geographical areas have dif-
ferent problems.

7. There seems to be a definite trend toward the ex-
truded-neoprene seal. Do you feel that this material is the
final answer to the sealing problem?

Seventeen percent felt that this matenal was the
final answer. The majority opinion seemed to be,
“It looks promising, let’s wait and see.”

8. Is more education about the awareness of sealing
problems a necessity?

Ninety-five percent stated that more education was
necessary. Lack of communication between designers,
maintenance personnel, inspectors, and producers
was cited.

TYPES OF FAILURES OBSERVED FOR
JOINT-SEALING MATERIALS

PERCENTAGE OBSERVING

FAILURE
STATES AND CITIES AND

TYPE OF FAILURE TURNPIKES COUNTIES
Extrusion of sealant onto

pavement 52 57
Surface cracking 38 20
Intrusion of dirt 58 35
Adhesion 52 12
Other 16 8

TABLE 3

TYPES OF SEALANTS THAT HAVE BEEN TRIED
AND THEN DISCONTINUED

STATES DISCONTINUING USE *

TYPE OF S e o et N S R
SEALING MATERIAL NUMBER PERCENT
Hot-poured bltummous 6 12
Cold-poured bituminous 14 28
Cold-applied elastomers 16 32

a No rejection of sealants was indicated by 26 (52 percent) of the States.
A noncommittal reply to rejection of sealants was made by 18 (36 percent)
of the States.

General Comments

The following paragraphs are a compilation of the com-
ments and discussions that resulted from interviews with
personnel representing highway departments, sealant man-
ufacturers, trade associations, and government laboratories.

Perhaps one of the greatest needs at the moment is
education. Communication is weak. It takes coopera-
tion between suppliers, designers, contractors, and
inspectors to obtain good joints. The designer must



provide a joint opening with the proper width and
shape factors in relation to the slab length. The
manufacturer must supply a quality material and the
contractor must provide proper supervision and instal-
lation. Unfortunately some designers are not yet
aware of the demands on, and the capabilities of, a
sealant. As an example, a 60-ft slab will move
approximately 0.4 in. as a result of a temperature
change of 120°. With a joint % in. wide, this means
a strain of approximately 160 percent in a poured
sealant. A preformed seal compressed to 50 percent
of its original width before installation would also be
rendered useless in this situation.

The opinion is sometimes expressed that contractors
are responsible for most of the poor sealant installa-
tions. However, most of the responsible State officials
feel that the contractors do conscientiously try to
follow the specifications. The contractors do not (and
should not be expected to) keep up with the technical
literature. Salesmen keep them abreast of new ma-
terials. In general, they show no heavy preference for
one material type.

Mistakes do happen on the job, sometimes because
some contractors are not fully informed about individ-
ual materials which may be specified and sometimes
because of difficult field conditions. It is also true
that the joint sealing is a minor percentage of the total
construction contract. Consequently, brokers selling
package deals including sealants, dowels, mesh, can
often force the reputable sealant applicator out of the
picture.

Type of Specifications Desired

During the interviews of State highway personnel and
sealant manufacturers, a basic philosophical question to be
resolved was whether a sealant specification should be a
performance type only or whether the specification should
contain at least minimal material requirements. Sixty-one
percent of the State highway engineers felt that a perform-
ance-type specification was sufficient, whereas almost 90
percent of the sealant manufacturers interviewed were in
favor of this type of specification. The following comments
are typical of the replies to this general question.

Specifications should be of the performance type only.

“We are only interested in the performance of a
finished product. If it will do the job, we don’t care
what it’s made of.”

“It is the responsibility of the specifying authority to
write a tight specification. We want results.”

“This is a tough competitive market. If you put a
materials requirement in the specifications, we have no
incentive to develop new materials. You are Killing
technological progress.”

A materials requirement is needed in the specifications.
“There are too many sharp operators in this world
who can beat a performance specification. I want to
know what I'm buying.”

“I want a performance specification, but T want at
least a minimum requirement regarding materials to
keep out the junk.”

“If you don’t put a materials requirement in the
specification, I can’t competitively make a quality
sealant.”

EXPERIENCE WITH MATERIALS AND PROBLEMS

The experiences and subsequent evaluation of sealants are
grouped and presented in the following by material type.

Hot-Poured Materials

In general the States have shown a dissatisfaction with the
hot-poured rubber asphalts. In many cases the attitude is
almost one of resignation. On the other hand, Massachu-
setts reports one case of reflection cracking which was re-
sealed in 1958 and is still in good shape. One manufacturer
has recently developed a much improved hot pour, which
on the basis of 1%4 years of use in Minnesota looks excel-
lent. Several other States are currently investigating this
material.

Connecticut reported having cut out sections of an older
asphaltic sealant to check embedment of incompressibles
into the body of the sealant. Laboratory analysis revealed
that the specimens were approximately 80 percent sand.
These specimens were well over 5 yr old. The Province of
Quebec has many installations of hot-poured materials and
is satisfied. The Province of Manitoba reports about 50
percent success with hot-poured materials, but Ontario has
rejected the hot-poured materials as unsatisfactory.

Cold-Poured Elastomers

The New York State sealant test results showed almost uni-
versal failure of the elastomeric systems in the first 2 win-
ters. Almost every conceivable type of failure was seen.

Adhesion and cohesion failures, bubbling of the ure-
thanes, and surface crazing were all noted. These materials
were all installed by manufacturers or their representatives
in ¥-in. joints spaced at 60 ft 10 in.

One manufacturer, however, reports two small bridge
installations of polysulfide which look good after 3 yr, and
another reports a machine-mixed polysulfide functioning
well in longitudinal joints after 5 yr of service.

Many States, including Kansas, Nebraska, New York,
and Pennsylvania, have rejected the elastomers on the basis
of trial installations. The usual report is failure in the first
2 winters. Rhode Island has taken another look at the prob-
lem and has rejected the elastomers for joint spacings
greater than 60 ft. Hawaii uses a 30-ft joint spacing and is
well satisfied with the polysulfide sealants. Texas uses a
15-ft joint spacing and has rejected the elastomers because
of poor weathering. The Province of British Columbia
uses polysulfide for bridge expansion joints.

Preformed Seals

One of the Connecticut research engineers considered the
chief advantage of the neoprene seal to be “cosmetics.”
He stated that we need more experience to prove out this
material, but that it cannot be denied that it gives the neatest
looking joint of any known sealant. New Jersey is still
working on an exceptionally thorough study of the neo-
prene seals for expansion joints in bridges. They report
that this seal does not give a watertight joint at this time.
However, they do feel that this type of seal is the best
solution for the bridge joint, New York reports a general
satisfaction with the neoprene seals after 5 years.



Crack Sealing

Crack sealing, generally, is considered a maintenance re-
sponsibility and is not subject to the same controls as new
construction, The New York State Thruway uses a coal-tar
crack filler, as do many other State authorities. The Cana-
dian Province of New Brunswick seals with an asphalt
emulsion and sand. Saskatchewan has rejected hot-poured
material and seals annually with a cutback asphalt. Sand
is sometimes used.

Cost Factors

Costs of sealant installations, of course, vary widely from
State to State. Bid prices cover a wide range, and in many
cases they are a part of a total contract and are consequently
difficult to isolate. The costs break down into 3 general
classes: joint sealing (new work), joint resealing, and
crack sealing.

Cost figures for new work are hard to ascertain because
such items as joint sawing and cleaning may or may not be
included in the bid price for joint sealing. Representative
figures are given in Table 4.

Resealing of joints, in addition to the requirements for
new work, depends on the type of material being used and
the type of material already in the joint. Sealing with a
dissimilar material, of course, requires a very thorough
job of cleaning. Representative costs for the resealing of
joints are given in Table 4. These figures include $0.07 per
foot for joint cleaning.

SEALANT MATERIALS

Requirements for Sealant Specifications

All sealant specification requirements may be broken down
into two classes of properties: (1) physical-chemical, such
as flow, tackiness, period of cure, viscosity, toxicity, re-
sistance to ozone, and hardness; (2) kinematic or per-
formance properties, such as extension of bond, peel, com-
pression set, and resilience.

There is very little dissatisfaction with the physical-
chemical properties. Tests and methods (mostly through
ASTM) are currently available for evaluating these ma-
terials. In any specification revision, these requirements
will have to be carefully reviewed as to applicability to
sealant types, but the test methods do exist. There is,
however, almost uniform dissatisfaction with the kinematic
requirements of the specifications. Most State specifications
are modeled after a parent ASTM or Federal Government
specification. Some of these parent specifications and their
requirements are given in Table 5. The various specifica-
tions reviewed are listed by sealant type in Tables 6 through
8. Many other manufacturers’ specifications were also
studied, but only those specifications having official status
are listed in the tables.

Suggested Revisions to Specifications

During the course of the investigation, the following sug-
gestions were made for revising current specifications:

1. Weatherometer data for accelerated aging of speci-

TABLE 4

REPRESENTATIVE COST FIGURES FOR
JOINT-SEALANT MATERIALS

cosT ($/FT)

ORIGINAL RESEALING
TYPE OF MATERIAL INSTALLATION OF JOINTS
Hot-poured rubber asphalt 0.10-0.30 7 0.20—0.35
Elastomeric 0.40-0.60 0.30-0.50
Preformed 1.00-3.00 1.00-4.00

mens need further field corroboration to make them really
effective.

2. Recovery tests should be revised for all types of seal-
ants. The rate of recovery is important.

3. Most specifications have been written around a suc-
cessful material and may not be meaningful for other ma-
terials.

4. Specifications should be more definite about applica-
tion equipment.

5. The ultimate specification should be written specifi-
cally for highway work. It should be of the “model law”
type and each State can modify to suit its own conditions.

6. Realistic specification requirements are a must. The
relationship between climate and slab length is important.

7. Specification requirements which indicate a single
source of supply should be eliminated.

8. Rewrite the provisions for shape and recovery of
the preformed seals. Include a measure of sealing pressure.

9. The use of a national laboratory or policing system
independent of the producers has been suggested.

Material Tests and Studies Needed

The following lists some of the tests and studies which
were suggested by the correspondents in this survey.

PREFORMED SEALANTS

1. Development of an improved flex-fatigue test.

2. An investigation of the watertightness of the seal.

3. A study of such parameters as shape, wall thickness,
and web configuration.

4. Development of a definitive set of chemical-physical
tests to prevent competition from downgrading the raw
materials.

BULK-TYPE SEALANTS

1. Improvement of the peel-adhesion test.

2. A study of the work hardening of polymeric-type
sealants.

3. Development of a joint-testing machine which can pro-
gram the results of pavement-movement studies.

4. Development of a measure of resilience control.

5. A fatigue study of polymer-type sealants.

6. A thorough study of adhesion of both the polymer
types and the hot-poured rubber asphalts.
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TABLE 5

REQUIREMENTS OF VARIOUS SPECIFICATIONS

SPECIFI- SEALANT TESTS
CATION TYPE REQUIRED
Federal SS-S-170 2-component eias?(nﬁer, jet-fuel resistant Penetration test; Bond
test
ASTM D1850-61T Cold-applied sealer, 1- or 2-component Penetration test; Bond
test
Federal SS-S-158a Cold-applied sealer, solvent type Bond test
Federal SS-S-00195a 2-component elastomer, machine mixed Penetration test; Bond
test; Recovery test
Federal SS-S-00200c  2-component elastomer, machine mixed, Penetration test; Bond
jet-fuel resistant test; Recovery test
Federal SS-S-164 Hot-applied sealant, rubber asphalt Penetration test; Bond
test
ASA 116.1 2-component polysulfide (for buildings) Adhesive strength—initial
Adhesive strength—after
immersion
Adhesive strength—after
heat aging
Adhesive strength—after
temperature cycling
Recovery test
Federal TT-S-00230 1-component synthetic rubber (for build- Penetration test; Bond
ings) test; Peel adhesion test
7. A study to develop the optimum rubber content in the
hot-poured rubber asphalts.
TABLE 6 8. Determination of the optimum force-elongation-adhe-

COLD-POURED SEALANT SPECIFICATIONS REVIEWED

DESIG-~
NATION

ASTM DI850-61T
SS-S-158a

SS-S-156
TT-$-00230
S5-5-170
SS-S-00195

SS-S-159b
SS-S-168

TT-S-00227a
$S-S-00200C
ASTM D1852-61T
ASA A116.1-1960
City of Seattle

California 62-F-29-30
Massachusetts

U.S. Navy Nav docks
46 Yd
Bureau of Reclamation

MATERIAL
DESCRIPTION

1- or 2-component (no composition
restriction)

Asphaltic; solvent, type

Emulsion type (no composition re-
striction)

1-component;
buildings

2-component;
fuel resistant

2-component; polymer type; machine
mixed

Multiple component; mastic type

synthetic rubber, for

synthetic rubber; jet-

2-component; bituminous; mineral
filled (for sewer pipe)
2-component; polymer type (for

buildings)

2-component; polymer type; jet-fuel
resistant; machine mixed

2-component; polymer type; jet-fuel
resistant

2-component; polysulfide type
buildings)

2-component; epoxy polysulfide type
(for concrete bridges)

2-component; polymer type

Rubber asphalt; mastic and emulsion
types (cracksealing)

Liquid type; Other federal specifica-
tions referenced as to use areas

Rubber asphalt; solvent type

(for

sion relationship for concrete substrates.

9. A study of the combined tension-shear stresses in
skewed joints.

10. A study of the effects of concrete admixtures on seal-
ant performance.

11. Development of a rapid, nondestructive test for quality
control. This test result should be capable of being com-
pared with the original manufacturer’s quality control data.

EQUIPMENT

Laboratory Testing Equipment

When field performance tends to break down under un-
controllable parameters, it is natural to turn to the labora-
tory where controlled conditions will yield undisputed
facts. Because laboratory tests are used to set the limits in
specifications, one often considers the results as sacrosanct.
Unfortunately this is hazardous, as was shown by Tons
(IB-20) in his paper on comparative testing of joint sealers.
Sixteen laboratories tested the same three hot-poured,
rubber-asphalt sealers in accordance with Federal Specifica-
tion SS-R-406C.* The mortar blocks and samples were all
provided by a centralized source. Nevertheless, the results
of the tests did not agree. Material passed by one labora-
tory was rejected by another, and so forth.

Much of the equipment used in laboratory work is stan-
dard, such as ovens, penetrometers, and tensile-testing ma-

* Now Interim-Federal Test Method Standard No. 210.




chines. However, many specialized pieces of equipment
have been constructed for various aspects of sealant work.
A fairly broad sampling of this equipment is listed in the
following, which does not attempt to delineate all the spe-
cialized pieces of equipment which have been constructed,
but is representative of the types of equipment which have
been developed.

BOSTIK TESTER

The testing machine built by Bostik Limited of England
was designed to subject samples of sealants to cyclic de-
formation. The movement is applied in an incremental
fashion in short steps alternating with longer stationary
periods. The capacity is 6 specimens at a time on each
unit; and the machine is equipped with 3 units, 2 for ex-
tension and compression cycling, and 1 for shear.

DEMATTIA TESTER

The DeMattia tester has long been used in the rubber in-
dustry to evaluate the resistance to cracking produced by
extension or bending. It operates at constant speed under
load, giving several hundred flexing cycles per minute. It
is not generally applicable to testing sealants because it
operates at too fast a cycle, it stalls with hard stock, and
it is difficult to accurately set and hold a specimen.

DOMINION TESTER

Currently in development by Dominion Rubber Co. of
Canada, this tester should make a significant contribution.
A compression-extension tester, it will take 24 test samples,
each 6 in. long, The joints may be extended and com-
pressed in unequal amounts at the same time, but the total
movement will be the same for all joints in any one cycle.
An environmental chamber will be provided, capable of
supplying temperatures between —40° and +160° F. The
long-range objective is to continuously change the environ-
ment temperature to correspond with the test-sample cy-
cling.

SIKA TESTER

The Sika tester (shown in Fig. 6) was designed for com-
pression-extension testing and has a capacity of six 3-in.-
long specimens. It is wheel mounted, which facilitates
movement from laboratory to cold room. The device is
built entirely of aluminum and stainless steel to prevent
corrosion from condensation.

PCA SEALANT TESTER

This tester will test twenty 4-in.-long specimens. It is ad-
justable by micrometers and limit switches and includes
pressure cells to give stress as well as strain. The unit is
wheel mounted and may thus be placed in an environmental
chamber.

ORD TESTER

The testing machine developed by the Ohio River Division
Laboratory of the U.S. Army Corps of Engineers is prob-
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TABLE 7
HOT-POURED SEALANT SPECIFICATIONS REVIEWED

DESIG- MATERIAL

NATION DESCRIPTION

SS-S-00164 . Asphalt; with or without rubber

ASTM D1190-64 Elastic type (no material restrictions)

ASTM D1854-61T Elastic type; jet-fuel resistant

8S-S-171 Asphalt; mineral filled

SS-S-169 Asphalt, coal tar, or plastic; mineral
filled (for sewer)

SS-S-167b Jet-fuel resistant (no material restric-

tions)

New York—Addenda Rubber asphalt

No. 14
New Jersey Oxidized base emulsified asphalt; with
neoprene
TABLE 8

PREFORMED SEALANT SPECIFICATIONS REVIEWED

DESIG- MATERIAL
NATION DESCRIPTION
ASTM C509 Cellular elastomeric preformed gasket

AASHO-ARBA Draft Preformed -elastomeric compression
seal

Bituminous mastic composition be-
tween layers of felt

Sponge rubber, cork, and self-expand-
ing cork

Cork or cane fiber with bituminous
binder and felt

ASTM D994-53
ASTM D1752-60T

ASTM D1751-65

ASTM D545 Closed-cell organic foam

Concrete Joint Institute Cellular plastic; polyurethane, poly-
Draft ethylene, or PVC

ASTM Draft Preformed neoprene

New Jersey Preformed neoprene

British Columbia Preformed neoprene

ably the largest unit in use. It will test 120 specimens in a
controlled environment and can be programmed for a wide
range of movement.

RPI CREEP APPARATUS

The equipment was developed at Rensselaer Polytechnic
Institute with research funds provided by Thiokol Corpora-
tion. It plots the creep and recovery of elastomeric sealants.
As may be seen in Figure 7, three 6-in.-long specimens may
be tested in a controlled environment.

BUREAU OF RECLAMATION JOINT SIMULATOR

This machine (Fig. 8) was designed for testing canal seal-
ants. One-ft-long specimens that can be immersed partially
in water can be tested. The device is installed outdoors,
and joint movement is actuated by black plastic rods sub-
jected to ambient conditions.
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Figure 6. The Sika extension-compression testing machine.

ATLAS WEATHEROMETER

The Weatherometer is a controlled-environment chamber
for the accelerated aging of laboratory-sized specimens.
This apparatus is widely used for testing paints and coatings
as well as sealants. A large number of specimens may be
tested, as may be seen in Figure 9.

Installation Equipment

The sealant cannot function properly unless both the joint
and the material are properly prepared and installed. Each
type of sealant has its specific installation requirements;
typical installation equipment is described in the following.

PREFORMED SEALANTS

One of the great assets of the preformed seal has been its
ease of installation. The equipment for installation in the
early days consisted of only a hand roller formed with a
center-flange wheel and a simple spray tank for the lubri-
cant-adhesive. Unfortunately, applications of the seal with
the hand roller did result in some stretching of the material
which caused a change in cross section. Automatic installa-
tion equipment has recently been developed to combat the
stretching problem. With this equipment, a premeasured
length of seal is fed to the machine and is automatically in-
stalled to the proper depth in the joint. One such machine,
made by the D. S. Brown Co., is currently in use, and other
models are entering the market.



Figure 7. The RPI environmental creep apparatus.
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Figure 8. Bureau of Reclamation joint simulator.

HOT-POURED SEALANTS

Equipment for installation of the hot-poured sealant con-
sists basically of a heater and either a gravity flow or pump
system to feed the material into the joint. Unfortunately,
the old fashioned “tar kettle” is often used as the heating
apparatus. Several makes of very good jacketed heaters
with temperature controls are currently available. Many of
these units are of the oil-bath type, and almost all are
wheel mounted.

COLD-POURED ELASTOMERS

The cold-poured, polymer-type sealants can be manufac-
tured as either hand-mixed or machine-mixed materials.
The machine-mixed materials include some of the fillers in
with the curing-agent component, so that the volumes of the
2 components are approximately equal. Attempts to hand-
mix this type of material have almost invariably resulted
in improper mixing.

The apparatus for mixing and applying this type of ma-
terial is a dual-tank, pressure-fed system in which the 2
components are accurately metered and mixed at a mixing
head adjacent to the nozzle, and the sealant is pressure fed
into the joint. One machine of this type is the “Allied Ma-

chine,” now manufactured by the Boardman Company.
The hand-mix elastomers are furnished as 2 components.
The resin component contains all, or almost all, of the fillers.
The curing agent may be furnished in the form of a powder
or as a curing paste which contains a minimal amount of
filler. The proportions are roughly 15 parts of curing agent
to 100 parts of polymer. This proportion varies with the
amount of fillers used. This type of sealant is generally
mixed with a paddle attachment on an electric drill. Com-
ponents are furnished in different colors, so that color
blending is an indication of thorough mixing. This type
of material can be placed in the joint by refillable caulking-
type guns, or it can be poured directly from the can into
the joint.

PRESEALED JOINT

The presealed joint is installed by a unit which immediately
follows the paving train. This apparatus is approximately
12 ft wide and rides the steel form on flanged wheels, The
complete joint unit is vibrated into place in the wet con-
crete. Two variations of this unit are currently being placed
in test installations. Figure 10 shows a presealed joint being
placed.
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Figure 9. A Weatherometer,
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Figure 10. Installation of a presealed joint.

CHAPTER THREE

INTERPRETATION AND CONCLUSIONS

GENERAL

The joints in rigid pavements are usually sealed to prevent
the intrusion of foreign material, water, and chemical de-
icing solutions. There are, however, alternate solutions to
the joint problem. It is possible to eliminate the joints by
the use of continuously reinforced pavement. At the present
time, continuously reinforced pavements are considered
economically feasible only for the highest type pavements.
However, the additional cost of sealing and resealing joints
over a period of years may well bring the total life-span cost
of the continuous pavement into a more competitive price
range.

There are also some engineers who question the necessity
of sealing joints, Whereas the bulk of the evidence seems
to indicate that joint sealing is vital, there may be areas
where this dissenting opinion is justified. By building slabs

on well-drained subgrades, the deleterious effects of water in
the joints are reduced. Slabs built on stabilized subbases
should show less intrusion of incompressibles from the
bottom of the joint. In extremely dry areas, the corrosion
of load-transfer devices is only a minor problem. There-
fore, it is possible that in some areas open joints and a
cleaning program are an economically feasible alternate to
joint sealing.

BEHAVIOR OF THE JOINT

Every structure, including pavement slabs on grade, ex-
pands and contracts because of changes in temperature.
As a pavement moves, the joint opens and closes, and the
sealant must perform its primary function of sealing while
accommodating the change in width of the joint opening.



The sealant, therefore, must be capable of extension and
compression, and yet still maintain its bond to the joint
wall. It must also be tough and elastic enough to prevent
puncture or penetration by sharp stones and road dirt.
Moreover, the sealant must perform these functions while
being subjected to extreme temperature changes.

The movement of a pavement slab is a function of many
variables. Among these factors are type of joint, size of
joint, length of slab, type of subgrade, type of load-transfer
device, range of temperature, and type and volume of traffic.
The joint size and slab length should be interrelated. The
joint width must be related to the slab length so that the
change in joint size due to normal thermal changes will
not be excessive. The movement of pavement slabs is gen-
erally assumed to be a slow, uniform process which bears
a direct relationship to change in temperature. However,
recent experimental work has shown that some slabs tend
to move in a nonuniform, jerky fashion.

This incremental movement depends on the efficiency of
the load-transfer device and on the frictional resistance
between slab and subgrade and between slab and shoulders.
The temperature change builds up stresses in the slab.
Under some conditions, this buildup continues until the
stresses exceed the frictional force between slab and sub-
grade. At this point, a short incremental movement of
the slab begins.

Pavement slabs are also known to warp and curl because
of temperature and moisture changes. It has been shown
that the temperature of the slab-subgrade interface shows
little variation as a result of fluctuations in the ambient
air temperature. This is not true of the pavement surface.
Under exposure to a “warm” sun, the surface temperature
of the slab may be 30° to 40° F higher than the tempera-
ture at the bottom of the slab. The tendency of the top of
the slab to expand while the bottom remains at a constant
length causes the slab to arch upward away from the sub-
grade. At the other end of the temperature scale the situa-
tion is reversed; the slab tends to dish upward at the ends
an amount dependent on slab length. This curl causes a
rotation of the sealant material about its longitudinal axis.
Curling of the slab is extremely important when related
to traffic loads. Truck traffic passing over a typical con-
traction joint in the early morning hours when the slabs
are dished upward causes much larger relative vertical
movements between slabs than occurs later in the day.
This vertical movement is quite small, but considered in
terms of a traffic volume which may include several hundred
trucks a day, it presents a great potential for fatigue failure
of a sealant.

The movement of the bridge expansion joint is generally
greater in magnitude than the pavement joint because the
structure lengths are generally greater. Because of inertia
and dirt at the bearings, the bridge also tends to move in a
nonuniform fashion with temperature change. Further-
more, the bridge joint is also subjected to rapid expansion
cycling because of deflection of the structure under traffic
loading. With some of the span lengths in use today, a
sealant material may be extended as much as 50 percent
of its total annual extension every time a 20-ton truck
passes over the structure. In many cases the bridge joint
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is skewed, so that the sealant is strained in the longitudinal
as well as in the transverse direction.

The movements of longitudinal pavement joints are not
nearly as severe as those of the transverse joints. Longi-
tudinal joints are subjected to shear resulting from traffic
and differential transverse movements of abutting lanes.
Sealant materials in longitudinal joints, however, have
shown far better performance records than the materials
placed in the transverse, or working, joints.

In the past there have been many studies made of pave-
ment movement. Many data on the gross movement of
pavements were collected at the AASHO Road Test. Many
States, such as New Jersey, Kentucky, New York, and
Connecticut, have kept records of the movement of test
pavements. The Portland Cement Association has coop-
erated with several States in movement studies. However,
60 percent of the State representatives interviewed felt
that more detailed studies should be made to fill in the gaps
in the existing knowledge. The majority of those inter-
viewed showed an interest in specific aspects of pavement
movement, such as rate of movement. The effects of sub-
grade friction and the effectiveness of aggregate interlock
must also be considered.

Most of the records of pavement movement which are
available indicate that slab movement is not uniform. In
any series of contraction joints, the sequence of cracking
is important. One joint may not crack through, or it may
subsequently freeze up so that the adjacent joints have to
accommodate the extra movement. The time of sawing for
contraction joints is also important. Joints should be sawed
before drying shrinkage stresses become too high.

The design of the joint opening and the time of sealing
are both quite important. The width of the joint opening
must be related to both the slab length and the temperature
range so that the sealant material will not be overstressed.
The depth of the sealant material in the joint affects the
strain in the sealant material. Tons (IB-21) has shown that
the depth of the sealant should be one-half the width to
reduce the strains to a minimum.

In the normal contraction joint which is sealed promptly
in new construction, the sealant material is placed only in
tension under cyclic joint movement. In resealing work,
however, the sealant material may be cycled into both
tension and compression movements, depending on the
temperature and the condition of the pavement.

CONSEQUENCES OF SEALANT FAILURE

When pavement joints are not properly sealed, water and
incompressible solids can enter the joint. Over 70 percent
of the respondents in this survey feel that the incompressi-
ble solids are the more serious problem. This incompressi-
ble material can be forced into the body of a sealant (see
Figure 11), or it can work its way down beside the sealant
once a failure has occur