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Systematic, well-designed research provides the most ef-
fective 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 and Trans-
portation 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 receives the full cooperation and support 
of the Federal Highway Administration, United States 
Department of Transportation. 
The Transportation Research Board of the National Re-
search Council was requested by the Association to admin-
ister the research program because of the Board's recog-
nized 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 transportation subject 
may be drawn; it possesses avenues of communications and 
cooperation with federal, state, and local governmental 
agencies, universities, and industry; its relationship 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 staff of special-
ists 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 and trans-
portation departments and by committees of AASHTO. 
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 and Trans-
portation Officials. Research projects to fulfill these needs 
are defined by the Board, and qualified research agencies 
are selected from those that have submitted proposals. Ad-
ministration and surveillance of research contracts are 
responsibilities of the Academy and its Transportation 
Research Board. 
The needs for highway research are many, and the National 
Cooperative Highway Research Program can make signifi-
cant contributions to the solution of highway transportation 
problems,of mutual concern to many responsible groups. 
The program, however, is intended to complement rather 
than to substitute for or duplicate other highway research 
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FOREWORD This report is recommended to design, materials, construction, and mainte-
nance engineers in highway and transportation agencies concerned with avoiding 

	

By Staff 	or alleviating the problems frequently associated with the joint at the interface of 

	

Transportation 	portland cement concrete pavements and bituminous-surfaced shoulders. The 

	

Research Board 	research that is reported consisted of field studies directed at obtaining a better 
understanding of the influences of the factors that affect the performance of pave-
ment-shoulder joint systems, and laboratory studies aimed at devising test proce-
dures and criteria to apply in the selection of joint sealants to assure satisfactory 
service. Recommendations are made for joint and shoulder designs and joint con-
struction that should provide improved shoulder and pavement-shoulder joint 
performance. Specifications are proposed for sealants and sealant application. 
Guidelines are offered for a field evaluation of the design alternatives that are 
proposed. 

Durable shoulders that can be traversed safely in all kinds of weather by the 
vehicles that occasionally leave mainline pavements are essential components of 
high-speed highway systems. Although they serve basically in a role that is sup-
pottive to that of the adjacent pavement, experience, reinforced by the findings of 
the present investigation, has shown that any lessening of the attention given to the 
structural requirements of shoulders and the treatment of the joint at the pavement-
shoulder interface will almost certainly result in disappointing shoulder performance 
and even a reduction in the quality of service obtained from the adjoining pavement. 

A particularly troublesome part of the pavement-shoulder system has been the 
joint at the interface of portland cement concrete pavements and asphaltic concrete 
shoulders. This discontinuity has often permitted undesirable amounts of surface 
water to reach vulnerable bases, subbases, and foundation soils, causing them to 
soften, swell, or become adversely affected by freeze-thaw action. Subsequent 
deterioration of the shoulder surface at the joint and often extending two or more 
feet away from the joint has been a particularly vexing problem. 

In the study reported herein, the researchers observed first-hand the per-
formance of a wide variety of pavement-shoulder joint systems in 15 states where 
bituminous-surface shoulders had been used adjacent to portland cement concrete 
pavements. Detailed measurements of movement at joints were made on three 
highway sections in Georgia and two in Michigan. The field observations and 
measurements served as the basis for development and selection of laboratory tests 
and test criteria that are included in a proposed specification for pavement-shoulder 
joint sealants and sealant installation. The field and laboratory studies also pro-
vided a number of recommendations for joint and shoulder design and construction. 



The results of the study are encouraging to a belief that the pavement-shoulder 
joint problem can be solved if all of the known factors that impact on joint per-
formance are given adequate treatment. The joint itself must be designed with due 
consideration of the capability of available sealants to accommodate the joint move-
ments that actually take place. In addition, the joint must be recognized as being 
part of a larger system in which a weakness in any of its parts will have an adverse 
effect on others. The best of joint treatments cannot be expected to rescue an 
uiiderdesigned shoulder, or a design that does not include adequate provision for 
the quick removal of water from vulnerable underlayers. 

Lr 
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IMPROVED PAVEMENT-SHOULDER 
JOINT DESIGN 

SUMMARY 	The objectives of this project were to: (1) determine the most 
suitable procedures for alleviating the problems associated with 
the joint between a portland cement concrete pavement and a 
bituminous-surfaced shoulder; (2) develop and experimentally 
evaluate improved systems for minimizing the passage of water 
through the joint; and (3) develop a plan for a field study for 
evaluating promising procedures for sealing the longitudinal joint. 

Field observations showed that shoulder distress in the form 
of excessive cradking, breakage and settlement is concentrated 
primarily within 24 in. of the longitudinal pavement-shoulder 
joint. Usually a separation varying from 1/8 to 1/4 in., but 
sometimes reaching 1 to 2 in., develops between the shoulder and 
the pavement. A primary cause of shoulder distress near the 
joint was found to be directly related to heavy trucks encroach-
ing on the shoulder. This problem is aggrevated by under-
designed structural sections, and surface water entering at the 
pavement-shoulder joint and not being able to drain away freely. 
Pavement -distress in the form of faulting and sometimes cracking 
at transverse joints near the longitudinal pavement-shoulder joint 
was found to be a particularly severe problem in cement-treated 
bases in areas having high rainfall. Thi's problem is generally 
related to pumping of material to the surface. Pavement and 
shoulder distress also was found to be an important problem in 
pozzolan and cement-treated bases due to disintegration of the 
base in the presence of brine from deicing salts. In a number of 
instances, settlements of the shoulder as great as 2 in. were 
found to occur in sections having thick layers of unstabilized 
granular materials. 

Design approaches that can be taken to minimize the paved 
shoulder problem include either one or a combination of the 
following: (1) select an adequate structural section; (2) saw 
and seal the longitudinal joint; and (3) provide a positive means 
of removing water from the vicinity of the longitudinal joint. 
The shoulder in the vicinity of the joint can and should be 
designed to carry the truck traffic expected to encroach upon 
the shoulder using presently available pavement design methods. 
Use of full-depth asphaltic concrete and portland cement 
concrete shoulders will greatly reduce distress near the longi-
tudinal joint. These sections generally have satisfied the 
pavement design equations for truck encroachments of 2 to 2.5% of 
mainline truck traffic which have been observed to occur on rural 
interstate highways. 	The basic structural design should be 
supplemented by use of drainage and/or sealing depending on 
existing conditions. Typical improved shoulder designs for use 
as a guide are given in the report. 

Proper sealing of the longitudinal pavement-shoulder joint 
can effectively minimize infiltration of water through the joint. 
The longitudinal pavement-shoulder joint, however, should xiot be 
sealed unless the transverse joints in the mainline pavement are 
sealed or a continuously reinforced pavement is used, because 
appreciable quantities of water will enter these joints and flow 
under the longitudinal joint. Sealant wells should be provided 
during construction only if adequate maintenance sealing of all 
joints is intended. 	- 

Presently available sealants should not be subjected to more 
than 20 to 25% strain. Considering measured joint movements, a 
joint width of approximately 1 in. is required for small 
permanent shoulder settlements; for large settlements an even 
wider joint may be necessary to maintain an effective seal. For 
the specific commercial sealants tested in the laboratory, the 
sealant performance in order of decreasing level of acceptance 
was found to be as follows: (1) polyurethane; (2) improved 
rubber asphalt; (3) polyvinyl chloride; and (4) regular rubber 
asphalt. Each commercial sealant formulation will have different 
properties; therefore, the results of tests performed on specific 
sealants tested in this investigation should not be generalized 



to include all formulations. Although the polyurethane sealant 
performed significantly better in the laboratory than the 
others, this sealant has an installed cost of approximately 
2 to 2-1/2 times the cost of the improved rubber asphalt 
sealants. Based on this and the results of field and 
laboratory observations, the improved rubber asphalt seal-
ant placed in a 1-in. x 1-in, sawed joint offers an economical 
alternative to 'the more expensive sealants. Draft specifica-
tions for sealing the longitudinal joint are given in the 
report. 

The laboratory and field investigations also indicated 
that current laboratory testing procedures do not give a true 
indication of sealant performance in the field. Sealant 
specifications that are given in the report can be used until 
more realistic procedures can be developed. Included in these 
specifications are the five-cycle bond' test performed at 100% 
extension' and 0°F and an artificial weathering test. Both 
portland cement and asphaltic concrete blocks should be used 
to ensure compatibility with the different sealing materials. 
Sealants are also subjected to sudden loadings that can cause 
a type of brittle failure when the sealant is cold. To 
minimize these problems, either the incremental stress relaxa-
.tion test developed in this study or the Minnesota Impact test 
should be used. Further research is required to develop the 
most realistic test procedure for evaluating sealants. A 
cyclic environmental test procedure similar to the one develop-
ed in this investigation using artificially weathered specimens 
should be further refined and adopted as a standard test 
procedure as soon as practical. 

The occurrence of significant quantities of ground water 
should be controlled by use of a drainage blanket and/or an 
interceptor drainage trench. Recommendations presented 
include use of a highly permeable, granular drainage blanket 
stabilized with 1.5 to 2% asphalt. This layer should have a 
permeability of 8,000 to 12,000 ft/day and be placed beneath 
the normal structural section to handle ground water in 
addition to surface infiltration. For handling only surface 
infiltration, a porous asphaltic concrete base mix having a 
permeability of typically 200 to 1,000 ft/day is recommended. 
A moderately porous asphaltic concrete base has sufficient 
strength to be used as a structural component of the system S  
in addition to satisfying proposed drainage layer criteria. 
Sections having both full-width permeable asphaltic concrete 
bases and also permeable shoulder drains are proposed for 
efficient collection and removal of infiltrated surface water. 

Several shoulder designs were developed that should 
result in improved pavement-shoulder joint performance. 
Recommendations are given for an experimental shoulder study 
to evaluate in the field the most promising design alterna-
tives. 



CHAPTER ONE 

INTRODUCTION AND RESEARCH APPROACH 

The highway system in the United States 
includes asignificant mileage of portland 
cement concrete pavements with adjoining 
asphaltic concrete shoulders. The joint 
formed between the pavement and shoulder has 
proved to be one of the weakest parts of 
the pavement-shoulder system [1]. Leakage 
of excessive amounts of surface water 
through this joint leads not only to early 
cracking, settlement, and structural 
deterioration of the shoulder, but ultimate-
ly to cracking, transverse-joint faulting, 
spalling, and settleinent of the pavement 
itself. In northern climates, infiltrating 
water has also contributed to frost heave. 
The shoulder joint has proved to be a costly 
maintenance problem, an inconvenience to the 
traveling public and, in some instances, a 
serious safety hazard [2,3,4,5,6,7]. 

Although the rate of deterioration of 
the pavement and shoulder at the joint 
varies widely with respect to locality, 
materials used, and construction practices, 
the basic mechanisms of deterioration are 
generally the same. Further, the importance 
of each mechanism can vary considerably. 
Without a positive seal at the joint, sur-
face water infiltrates the subbase, sub-
grade, and shoulder. 

Although the distress manifestations 
normally associated with the pavement-
shoulder joint problem are widespread, 
relatively little formal research has been 
conducted in an attempt to develop and 
evaluate design criteria or joint sealants 
to minimize intrusion and the detrimental 
effects of water. However, as the cost of 
maintenance has increased and delays to 
motorists have become a more important 
consideration, the need to develop reason-
ably effective sealing systems for the joint 
and to identify suitable design and 
construction techniques to minimize the 
effects of water has become more important. 

3. To develop a plan for a field 
study program that could be undertaken by 
highway agencies for sealing the pavement-
shoulder joint. 

Research. Approach. 

To approach the shoulder design problem 
in a systematic way, consideration had to 
be given to a large number of factors 
affecting the overall pavement-shoulder 
joint system. Of these, the most important 
appeared to be environment, traffic, 
drainage, structural section, and joint 
details as well as type of sealant and 
application techniques. Because existing 
pavement-shoulder joint designs have 
evolved mostly through formal and informal 
observations of field performance, results 
have been variable. Difficulties have often 
arisen when designs have been used for•  
conditions different from those for which 
they were originally developed. The 
research approach used in this study i 
similar to that required to develop a 
structural pavement design and is summarized 
in Figure 1. 

IDENTIFY SHOULDER 
PROBLEMS 
(1) FIELD INSPECTION 
12) LITERATURE SEARCH 

FIELD EXPERIENCE 	 DETERMINE MECHANISMS 

OBSERVED PERFORMANCE 	 ASSOCIATES WITH EACH PROBLEM 

LABORATORY STUDIES 	 Ill SETTLEMENT  
ANALYTICAL STUDIES 	 (2) CRACKING  

(3) ETC. 

Objectives 

The overall objective of this project 
was to develop an improved-pavement-shoulder 
joint design; a design that would minimize 
both the intrusion of water through the 
joint and, at the same time, the 
deterioration of both the pavement and paved 
shoulder caused by water that gets beneath 
the pavement. The specific objectives for 
this investigation were: 

To determine the most suitable 
procedures currently available for allevia-
ting the problems associated with the joint 
between a portland cement concrete pavement 
and a bituminous-surfaced shoulder. 

To develop and evaluate experi-
mentally improved systems for minimizing 
the passage of water through the pavement-
shoulder joint. 

IDENTIFY VARIABLES WHICH DESIGNER 
CAN CONTROL THAT RETARD SHOULDER 
JSINT DETERIORATION 

OETERMINE THE INFLUENCE OF 
DESIGNER CONTROLLED VARIABLES 
SN SHOULDER-JOINT PERFORMANCE 

FIELD INSPECTION 
LAB AND FIELD STUDIES 
ANALYTICAL STUDIES 

DEVELOP DESION 
RECOMMENDATIONS 
AND SPECIFICATIONS 

Figure 1. Apprpach used in formulating an 
improved pavement-shoulder joint design. 



The initial requirement was to identify 
the distress problems associated with the 
longitudinal pavement-shoulder joint. This 
was accomplished through an extensive 
literature search and a field survey and 
inspection of pavement shoulders in 15 
states. The next step, as indicated in 
Figure 1, was to correlate the mechanisms 
associated with the various types of dis-
tress. In this report, "mechanisms" are 
defined as those physical or chemical pro-
cesses that causa the occurrence of a 
specific type of distress. The knowledge 
gained during the field inspections of 
pavement-shoulder joints was invaluable 
during this portion of the study. 

Once the mechanisms had been defined, 
the next step was to identify variables 
that the designer could control. For 
example, in the design and selection of a 
sealant, one needs to consider the factors 
shown in Figure 2, which shows the steps 
necessary to select a suitable sealant for 
a variety of service conditions. A very 
important part of the selection process 
deals with the observed field performance of 
both the sealant and the pavement-shoulder 
structural design. The pavement-shoulder 
joint design, together with the environ-
mental, load, and structural variables, 
determines the type and magnitude of' move-
ments to which the sealant is subjected. 
An assumption was made that laboratory 
tests could then be devised that could  

satisfactorily duplicate field conditions 
(i.e., environment, movement, strain level, 
etc.) to characterize the sealant 
sufficiently so that the laboratory results 
would give satisfactory agreement with 
observed field performance. 

The influences of the designer-
controlled variables were determined using 
the results of both laboratory and field 
investigations as well as analytical 
studies. The influences of such factors as 
sealant type, joint dimension and installa-
tion requirements were evaluated in the 
laboratory. In the field, movements 
occurring at the longitudinal shoulder 
joint were measure*d,  and the results were 
used in a finite element study to estimate 
the magnitude of stresses and strains that 
could be expected. A study was also made to 
determine the quantity of rainfall 
infiltrating into the join€s of a portland 
cement concrete pavement. 

The information gathered in these 
studies was carefully evaluated and 
practical recommendations were developed 
concerning sealing the longitudinal 
pavement-shoulder joint, drainage, and 
structural design of the shoulder. Specif i-
cations are given for both the installa-
tion and testing of sealants for use in 
the longitudinal joint. Finally, experimen-
tal field studies are described for 
evaluating the recommended shoulder design 
systems and sealant specifications. 

CHAPTER TWO 

FINDINGS 

The findings of this study are pre-
sented as a summary of information relative 
to the design, construction, and maintenance 
variables that influence the performance of 
the pavement-shoulder joint. Much pre-
liminary information was collected using a 
questionnaire sent to all state highway and 
transportation organizations, most Canadian 
provincial highway organizations, several 
overseas highway organizations and several 
joint-sealant manufacturers. The question-
naire was designed to determine experience 
with the pavement-shoulder joint problem 
and to obtain additional pertinent 
information such as research reports. The 
research reports that were received proved 
to be a valuable asset to the study. Based 
on the response to the questionnaire, 15 
visits were made to selected state highway 
organizations to obtain detailed information 
on design, construction, maintenance and 
performance of pavement-shoulder systems. 
The interview form given in Appendix A was 
used to systematically collect this 
information during the visits. 

SUMMARY OF THE PROBLEM 

A serious shoulder deterioration 
problem has been observed to exist. in the 
vicinity of the longitudinal pavement-
shoulder joint between the portland cement 
concrete pavement and the bituminous 
shoulder. The severity of deterioration of 
the shoulder appearsto be significantly 
influenced by a number of factors, of which 
the following appear to be the most impor-
tant at this time: (1) the strength and 
type of the structural shoulder section; 
(2) traffic use of the shoulder; (3) 
environmental factors; (4) subgrade 
conditions; and (5) in some instances, the 
design features of the mainline pavement. 
The environmental factors that appear to be 
most important are severe winters and high 
rainfall. In areas of high rainfall, 
occurrence of distinct wet and dry seasons 
appears to be more severe than a reasonably 
uniform distribution of rainfall through-. 
out the year. In areas with low or 
moderate rainfall, the destructive forces of 



Figure 2. Steps in systematic selection of joint sealant. 
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expansive subgrade soils can also influence 
greatly the performance of the pavement-
shoulder system. 

The abrupt discontinuity existing 
between the portland cement concrete pave-
ment and the asphaltic concrete shoulder is 
one of the basic factors related to the 
distress that occurs in the shoulder in the 
vicinity of the longitudinal joint. This 
discontinuity results in serious problems 
in proper placement and compaction of the 
materials comprising the structural section 
and formation of a watertight joint. of 
particular concern is the development of a 
separation between the shoulder and pave-
ment. Water under the shoulder can cause 
deterioration and/or erosion of base and 
subbase materials, and subsequent cracking 
of the shoulder in the vicinity of the 
joint. The following sections summarize 
the types of problems found during the 15-
state field survey. 

Shoulder Moverncnt 

The shoulder usually settles with 
respect to the pavement and moves away, 
as shown in Figure 3, causing the longi-
tudinal joint between the pavement and the 
shoulder to open. The vertical and 
horizontal movements appear, on the averacc, 
to be approximately one-quarter of an inch, 
although this movement can be as great as 
1-1/2 in. or even more in magnitude.  

occur because of one or a combination of 
the following conditions: 

The shoulders are underlain by 
relatively dcgpayers of unsuitable 
granular subbase materials. Some shoulders 
inspected with settlements up to 1-1/2 in. 
were underlain by as much as 20 in. or more 
of unsuitable granular subbase materials 
placed over the subgrade (Fig. 4). 

Insufficient compaction of the 
unstabilized granular materials placed 
beneath the shoulder. The large vertical 
movements appear to be at least partly 
related to the use of lower quality 
materials in the subbase and/or insuffi-
cient compaction. 

The presence of very soft soils 
underlying the highway embankment. On 
moderate to high fills underlain by soft 
soils, embankment movements can result due 
to consolidation settlement and shear 
distortions in the underlying soft 
foundation soils (Fig. 4b). 

y 

(a) settlement in deep granular 
section: 3-in. AC over granular 
8-in, base, 6 to 8-in, subbase. 

SHOULDER SETTLEMENT 

RUCTuR1 fill 

rT. CDMrUCSTIULC 501 

(a) Constructed in 	(b) Constructed in 
1967: 3-in. 	 1963: full-depth 
asphaltic 	 asphaltic concrete 
concrete over 	3/4 to 1-in. 
8-in, granular 	settlement. 
base. 

Figure 3. Typical shoulder settlement. 

Usually the relative vertical movement 
between the shoulder and the pavement is 
greater than the horizontal separation of 
the joint. 

Under special circumstances settle-
ments of the shoulder with respect to the 
pavement in excess of 1/2 in. can occur 
(Fig. 4). Such large settlements usually 

(b) Embankment on soft soil. 

Figure 4. Factors contributing to large 
shoulder settlements. 

Large vertical movements in pavements 
with unsealed longitudinal joints (and in 
one instance sealed longitudinal joints) 
may also occur as a result of severe frost 
conditions when frost susceptible materials 
are present [6]. In northern states, the 
shoulder can move upward from the pavement 
during the first winter by as much as 
3 in. 19]. Furthermore, the shoulder and/or 
pavement can heave upward and the 



(b) Severe cracking: 
1-1/2-in. AC 
over 6-in. CTB, 
8-in, drainage 
course (7 yrs. 
old). 
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longitudinal joint can open as much as 2 to 
3 in. due to the large forces exerted by 
expansive clay soils (Fig. 5) or due to 
infiltration of incompressibles in the 
unsealed joint (Fig. 6). Frost action, 
expansive clay soils, and the presence of 
incompressibles cui iesult in large 
differential movements between the shoulder 
and the pavement, and result in the rapid 
deterioration of the shoulder in the 
vicinity of the longitudinal pavement-
shoulder joint. 

Figure 5. Joint open- Figure 6. joint open- 
ing due to expansive 	ing due to infiltra- 
uUbyLa1e. full clr.pth 	ticu of inr.ompress- 
asphalt concrete. 	ibles: 4-in, asphalt 

concrete over 
approximately 10-in. 
granular base. 

Shoulder Cracking 

Frequently, but by no means always, 
the first indication of cracking and 
distress of the shoulder occurs at 
locations where transverse pavement joints 
meet the shoulder. First, a transverse 
crack develops in the asphaltic concrete 
surfacing as a continuation of the pavement 
joint opening. Then, a relatively small 
dish shpec1 depression and. crackiiiy £uiii, 
as illustrated in Figure I. 

jt 
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(a) Moderate cracking: 

1-1/2-in. AC over 
3-in, granular 
base, 10-in. 
subbase (4 yrs. 
old). 

Figure 7. Typical cracking pattern at 
transverse contraction joint. 

The transverse crack appears to be related 
to the expansion and contraction of the 
portland cement concrete pavement, and the 
depression appears to be due to the erosion 
of material from beneath the shoulder in 
the vicinity of the joint through pumping 
of the pavement and shoulder under traffic. 

Between transverse contraction Joints, 
the pattern, number and location of the 
cracks appear to be associated with the 
type of structural shoulder section used 
and the amount of traffic encroaching onto 
the shoulder. The amount of traffic 
reaching the shoulder is a function of the 
volume and character of the traffic and the 
geometrics of the pavement. Longitudinal 
cracks frequently develop in the shoulder 
approximately 3 to 24 in. from the edge of 
the pavement during the first one to three 
years after construction (Fig. Ba). The 
amount of longitudinal cracking usually 
increases with time, resulting in localized 
area-cracking (Fig. Bb). Since longitudinal 
cracking occurs in the same area where a 
concentration of wheel loadings occur due 
to encroachment of traffic on the shoulder, 
this cracking appears to be directly 
related to traffic encroachment on the 
shoulder. 

- 

'4 1 k 
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(a) Lime treated base (h) Cement treated 
(LTB) : 3-in. AC 
	

base (CTB) 
over 8-in. LTB 
	

3-in. AC over 
(6 yrs. old). 	 0-in. CTB 

(7 yrs. old). 

Figure 8. Longitudinal shoulder cracking. 

Shoulder settlement and heave also 
appear to play an important role in the 
development of cracks near the longi-
tudinal joint. As the longitudinal joint 
opens, significant quantities of water can 
infiltrate beneath the pavement through 
this joint. The passage of heavy truck 
traffic near the joint when free water is 
present can result in the erosion of 
material through the joint from beneath the 
pavement and shoulder (Fig. 9) resulting in 
additional cracking and shoulder settlement. 



in general, pumping was found to be more 
prevalent in areas having rainfall in excess 
of approximately 30 to 35 in. per year. The 
wnouflt ot pumping and surface shoulder 
cracking that develop is greatly influenced 
by the type of base [8] and overall 
structural design. 

Severe cracking may occur near the 
outside edge of the shoulder where the 
asphaltic concrete surfacing is then 
(Fig. 10). The field inspections showed 
that the outside shoulder edge in the 
vicinity of this type distress is often 
constructed between 1/2 and 2/3  of the 
design thickness, which helps to explain 
this premature cracking [8]. 

Figure 9. cracking and Figure 10. cracking 
settlement due to 	due to insufficient 
pumping action: 1-1/2- surface thickness: 
in. AC over 6-in. CTB 	1-1/2-in. AC over 
(4 yrs. old). 	 6-in. CTI3, 8-in. 

drainage course 
(7 yrs. old). 

Frost Action 

Upon freezing during the first winter 
after construction, both the pavement and 
shoulder heave upward. The shoulder, 
however, usually heaves more than the 
pavement. In very severe instances the 
relative vertical movement between the 
shoulder and pavement has been observed to 
be as large as 1.8 in. [9]. Movements of 
this magnitude are sufficient to present a 
safety hazard by stopping surface drainage 
of water from the pavement. Shoulder 
heaves greater than 0.5 in. have been 
found to be associated with significant 
cracking [6]. During the first spring thaw 
both the pavement and the shoulder settle 
downward. The shoulder, however, usually 
moves down more than the pavement; perhaps 
this is due partly to the compactive effect 
of traffic on unstabilized materials during 
the thaw period. Shoulder settlements 
greater than 1 in. have been observed 
following the spring thaw [9] 

The maximum shoulder heave has been 
found to occur between 3 and 12 in. away 
from the longitudinal pavement-shoulder 
joint [5,6]. Longitudinal cracks occur  

typically in the shoulder at about the 
point of maximum heave (Fig. 11). Most of 
ttiocc longitudirtal L.LdeKS appear to develop 
when traffic encroaches on the edge of the 
shoulder during thawing. The traffic tends 
to force the edge of the shoulder down 
putting a large, sudden bending moment in 
the asphaltic concrete at about the point 
of maximum heave. Several states have 
observed that pavements constructed in the 
fall and not subjected to traffic during 
the winter undergo significantly less 
cracking in the shoulder than sections 
subjected to traffic during the first 
winter [6]. A study of frost action in 
shoulders reported by Novak [5] indicates 
that the shoulder must heave each year 
above the pavement for continuing 
deterioration to occur. Fracture of the 
asphaltic concrete probably occur during 
the evening or early morning hours when 
the asphaltic concrete is stiff and 
brittle. 

Frost action can occur in the base, 
subbase, or subgrade. Frost action has 
been caused within granular base or 
subbase materials due to high moisture 
cnni-c'nf during compaction, poor qieULiuri, 
and the occurrence of water which 
infiltrates into the joints and cracks 
of the pavement and also subsurface water. 

.: 
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(a) Shoulder; 1-1/2- (b) Shoulder: 1-1/2- 
in. AC over 	 in AC over 3-in. 
4-1/2-in, gravel, 	aggregate base, 
14-in, sand. 	 10-in, aggregate 

subbase (1-1/2 
yrs. old). 

Figure 11. Longitudinal shoulder cracking 
related to frost action. 

CURRENT DESIGN, CONSTRUCTION AND 
MAINTENACE PRACTICES 

To approach the assessment of 
current experience in a systematic way, 
all factors were considered that were 
thought to affect the performance of the 
overall pavement-shoulder joint system. 
The more significant factors are listed 
in Table 1. 

Because of the severity of the 
problems that have developed in the use of 
paved shoulders and the rapidity of their 



development, state highway and transporta-
tion agencies have been moving quickly to 
overcome the deficiencies that have been 
observed. In this connection, the 
individual state practices that are reported 
herein were used by the organization either 
prior to or during the period of the study, 
and not necessarily thereafter. 

Table 1. Design, construction, and 
maintenance factors. 

Factor 	Type of Information Required 

1. Traffic  Traffic volume and 
weight 

 Transverse dis- 
tribution 

 Influence on 
longitudinal joint 
movement 

2. Environment  Rainfall (Magnitude 
and distribution) 

 Temperature 
(freeze-thaw cycles 
and influence on 
joint movement) 

 Age 

3. Material  Type and thickness 
Properties  Modulus of 

elasticity 
 Strength 
 Fatigue character- 
istics of 
stabilized 
materials 

 Durability 
 Density 
 Permeability 

4. 	Joint-Design  Type sealant 
 Joint geometry 
 Mechanical proper- 
ties 

 Method of appli- 
cation 

5. Construction  Compaction 
 Surface drainage 
 Quality control 
including thick- 
ness, 	density, 
percent stabiliz- 

________________ ing_agent 

6. Maintenance a. Type 
b., Interval 
c. Costs 

Asphaltic Concrete Shoulder Sections 

The performance of a paved shoulder 
with or without a sealed longitudinal joint 
depends to a considerable degree on the 
design of the shoulder structure and how it 
acts with the pavement. During their early 
development, paved shoulder sections used 
on Interstate pavements tended to be 
relatively thin. When the detrimental 
effects of traffic loading and the  

environment became apparent, considerably 
heavier shoulder sections came into use. 
The types of asphaltic concrete shoulders 
being used were found to fall into five 
categories dependent on the type base: 

Full-depth asphaltic concrete, 
Cement-treated base, 
Asphalt-treated base, 
Aggregate base and/or subbase, 
and 
Lime-treated base, subbase or 
subgrade. 

Asphaltic concrete shoulder sections 
reported to be used by individual highway 
and state transportation organizations are 
given in Table 2. 

Full-Depth Asphaltic Concrete. Eleven 
states indicated that they have used full-
depth asphaltic concrete shoulder sections 
varying from about 7 to 10 in. in depth 
(Table 2). Arizona and California noted 
that consideration was being given to using 
full-depth sections in the future. During 
the field study, Illinois, Texas, North 
Dakota, Louisiana, Michigan and Ohio were 
visited to evaluate the field performance 
of full-depth asphaltic concrete shoulders. 
Use of full-depth shoulders was found to 
eliminate or at least greatly reduce 
cracking near the longitudinal joint and to 
limit separation at the joint to approxi-
mately 1/8 in. The full-depth sections 
appeared to be sufficiently strong to 
withstand most of the detrimental 
environmental effects seen in other type 
sections. 

A previous comprehensive study in -
Illinois [8] showed that a full-depth 
bituminous-aggregate shoulder section 
performed better than sections consisting 
of asphaltic concrete on either cement-
aggregate or pozzolan-aggregate bases. 
The bituminous-aggregate section tapered 
in thickness from 8 in. at the pavement to 
6 in. at the outer edge. A 1-1/2 in. 
asphaltic concrete surfacing was placed 
over a 5-1/2 in. thick cement-aggregate 
base and also over a 6-1/2 in. pozzolan-
aggregate base.. In the sections having 
cement-aggregate and pozzolan-aggregate 
bases, longitudinal cracks were found to 
form approximately 8 to 24 in. from the 
joint, with random cracking occurring in 
between. A significant amount of the 
deterioration observed in the pozzolan and 
cement-aggregate bases was found to be 
caused by loss of durability due to freeze-
thaw cycles and the presence of brine. The 
bituminous-aggregate bases performed well, 
although some longitudinal cracking develop-
ed near the pavement edge. 

In Michigan [10],  a shoulder section 
consisting of 1-1/2 in. of asphaltic 
concrete with a 4-1/2 in. gravel base 
showed considerable settlement and long-
tudinal cracks formed about 6 to 12 in. 
from the edge during the first year or two. 
The shoulder problem was similar to that 
observed in Illinois. Select stone 
extended out from the mainline pavement 
2 ft. under the shoulder. Because of the 
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Table 2. Present asphaltic shoulder sections. 

SURFACE COURSE BASE COURSE SUBBASE 

STATE Material Thickness Material Thickness MATERIAL THICKNESS Type Type TYPE 

ALABAMA AC approx. 1' AC approx. 3" Select 
soil  4-1/2 

ARIZONA AC 4" AB 4 - 5" ASB 4 - 6" 

CALIFORNIA AC 3"to5-1/2" AB 6' ASB variable 

Material 
CONNECTICUT AC 3" SSB 6" not 6" to 18" 

specified  

GEORGIA AC 1-1/2" CTB 6" Select 
Borrow  

FLORIDA AC 1" SA 5" Sand-Clay 6" 

IDAHO AC 3.6" AB 8.4" ASB 2.4' 

CTB 6-1/2" 
ILLINOIS AC 1-1/2" LTB 6-1/2" ASB 4" 

ATB 6-1/2"  

INDIANA ST - ATB 6" ASTS 4" 

KENTUCKY AC 2" AB Variable 

KANSAS - 9" tapered AB 4" LTS 6" 

LOUISIANA AC 8" to 10" AC 3-1/2" LTS 

MAINE AC 3" AB 9" ASS 9" 

MICHIGAN AC 1-1/2" ATB 6-1/2 to 7-1/2' ASS 14" 

MISSOURI AC 2" ATB 5 " ASB 5" 	to 7" CTB 5"  

MINNESOTA AC 1-1/2 to 2" AB 3" ASB 9" 	to 11" 

Emuls ion 
NEW YORK AC or ST approx. 	1" stab. 3" ASB 17" 

gravel  

NORTH CAROLINA ST or AC 1" AB 8" ASB 4" 

AC 4" ATB 4" - 
Emulsion 

NORTH DAKOTA AC 2" or 6" LTS cutback 
treated  

OHIO AC 3" ATB 5" to 6" ASS 6" 

OREGON AC Full Pavt. CTB 4" to 6" LTS 6" depth  CTS  

PENNSYLVANIA AC or ST 4" AB 6" ASB 12" 

SOUTH CAROLINA AC - ATB - ASS 12" 

SOUTH DAKOTA AC 2" ATB 6 " AC 2" LTB 6"  

TEXAS AC 8" ATB 4" LTS - 
UTAH AC 8" ATB 6" ASS 8" 

WASHINGTON AC 2" AB 3" ASS 7" 

WEST VIRGINIA PM. 3" AB 6' ASB 6" 

WISCONSIN AC 3" AB 6" ASS 15" 

NOTE 1: States or Canadian Provinces not providing sufficient information: 
Arkansas, Colorado, Delaware, Iowa, Maryland, Manitoba, 
Mississippi, Nebraska, Nevada,, New Jersey, New Mexico, Virginia, 
Wisconsin, Wyoming. 

NOTE 2: States or Canadian Provinces with no (or little) experience with PCC pavements: 
Alberta, British Columbia, Vermont. 

NOTE 3: AC = asphaltic concrete, ST = surface treatment, PM = penetration macadam, 
SA = sand asphalt, CTB = cement treated base, ATB = asphalt treated base, 
LTB = lime treated base, AB = aggregate base, ASS = aggregate subbase, 
SSB = salt stabilized base, LTS = lime treated subgrade. 
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poor performance of this shoulder section, 
Michigan went to the following stronger 
shoulder sections: 

A deep asphaltic concrete section 
equal to the slab thibkness at the inside 
edge and tapering to 6-1/2 in. at the 
outside edge all placed over a 14-in. 
sand subbase; and 

Concrete shoulders conforming to 
the mainline slab thickness at the inside 
edge and tapering to 6-1/4 in. at 3 feet 
from the outside edge and remaining constant 
to the edge of the shoulder. 

The performance of these two sections has 
been a considerable improvement over the 
thinner granular base sections. 

Full-depth asphaltic shoulders in 
North Dakota were found to perform quite 
well considering the presence of expansive 
soils and a quite severe, climate. Trans-
verse temperature cracks occur due to the 
extreme temperature conditions. The 
shoulders used in North Dakota consist of 
4 in. of asphaltic concrete over a 4-in. 
liquid or emulsified asphalt-treated base. 
Important factors contributing to the good 
performance in North Dakota appear to be 
the use of continuously reinforced concrete 
pavement (CRCP), bituminbus-stabilized 
base, and sealed longitudinal joints. The 
sealed joints in general are well maintain-
ed and the system appears to be relatively 
effective in keeping surface water from 
beneath the pavement. By increasing 
density requirements from AASHTO T-99 
to T-180 most of the shoulder settlement 
problems were eliminated in the granular 
base section formerly used. A subsurface 
drainage system is seldom used in North 
Dakota. 

Texas has been using thick asphaltic 
concrete sections consisting of 8 in. of 
asphalt-stabilized aggregate surface over a 
4-in, asphalt-stabilized aggregate subbase. 
The upper 6 in. of the subgrade beneath 
this section is usually treated with lime. 
Local materials are used extensively in 
the asphalt-stabilized layers. Several 
districts in Texas seal the longitudinal 
joint in an attempt to keep water from 
expansive clay subgrades. Use of the deep 
asphaltic sections has greatly minimized 
the problem,, although 'transverse and 
vertical movements up to approximately 
1/4 in. were still found to occur at the 
joint. Considerably larger movements in 
Texas have been c.aused by expansive clay 
subgrades. 

Cement-Treated Bases. 	Five states 
reported having used cement-stabilized 
bases under an asphaltic concrete surface 
course in shoulder construction. All but 
one of these (Oregon) have used a 
relatively thin asphaltic concrete surfacing 
over the base varying from 1-1/2 to 2 in.. 
in thickness. Oregon uses an asphaltic 
concrete surface equal in thickness to that 
of the portland cement concrete slab. 
Illinois, Pennsylvania and Louisiana at one 
time used cement-stabilized bases, but have 
discontinued their use because of poor 

performance on at least Interstate pavements. 
The field inspections in Illinois, 
Pennsylvania, Louisiana, Georgia, and Texas 
indicated that cement-stabilized bases tend 
to pump and result in faulting of the main-
line slab. These observations are in 
agreement with those made by Cedergren et 
al. [26].  Erosion of base material also 
results in settlement and subsequent 
cracking and deterioration of the shoulder 
in the vicinit' of the transverse joint. 
In many instances, a depression will form 
in the shoulder immediately adjacent to the 
longitudinal joint, and longitudinal crack-
ing may develop in this area. The pumping 
problem was particularly severe in both 
Georgia and Louisiana where the average 
annual rainfall is 50 to 55 in. Georgia 
has been using a 6-in, cement-treated base 
with a 1-1/2-in, asphalt concrete surfacing. 
The base was usually a cement-treated 
aggregate overlying a layer of select 
borrow material. In Louisiana, extensive 
use was made of local soils for the cement-
stabilized bases for paved shoulders off 
the Interstate system. These shoulders 
consist of 1-1/2 to 2 in. of asphalt 
concrete over an 8-in, soil-cement base. 
Louisiana was using 8 in. of asphaltic 
concrete over an asphaltic concrete'base on 
the Interstate system shoulders. 

Granu7ar Bases. Twelve states report-
ed the use of aggregate bases or subbases 
in paved shoulders. of these 12 
field inspections were conducted in 
Arizona, California, Minnesota, Ohio, 
Pennsylvania and Utah. In general, 
shoulders constructed with 1-1/2  to 2 in. 
of asphaltic concrete and 6 in. of granular 
base have performed poorly, at least partly 
because this section in most instances is 
grossly under-designed for normal heavy 
truck loadings. Also, sections having deep 
granular bases have been observed to 
experience settlement problems. Maximum 
settlements of typically 1 to 1-1/2 in. 
appear to be caused primarily by a 
combination of factors including some or 
all of the following: (1) low compaction; 

use of frost susceptible material; 
poor gradation and/or small size 

aggregate; and (4) use of low quality 
uncrushed gravel aggregate. 

In Arizona, shoulder heave has occurred 
in the vicinity of the longitudinal 
joint due apparently to the accumulation of 
incompressibles in the joint which prevents 
normal expansion. Because of an average 
annual rainfall of only 10 in., this heave 
does not seem to be related to the 
infiltration of water into the joint. 

In California, the shoulder sections 
in the valley areas were observed to per-
form quite well. California uses 3 to 
5-1/2 in. of asphaltic concrete surfacing 
over a 6-in, aggregate base. A relatively 
small amount of separation at the longitud-
inal joint (approximately 1/4 in.) and 
some surface cracking and faulting were 
observed in the shoulder (Fig. 12), 
although the severity was much less than 
that found in states such as' Illinois and 
Michigan. Some problems with faulting of 



(a) Mild vallcv 
environment: 
3-in. A.C. over  
6-in. granular 
(3 yrs. old). 
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the mainline pavement were also seen in the 
valley areas where there is a mild climate 
and annual rainfall averaqes only 15 to 
20 in. Extension of the stabilized subbase 
under the mainline pavement one foot beyond 
the edge was reported to reduce significant-
ly the shoulder problems in the valley 
areas. By contrast, in the mountains 
lcadinc7 to Donner Pass where the winters 
are quite severe, the pavement exhibited 
extensive shoulder cracking near the longi-
tudinal joint (Fig. 12b) similar to that 
seen in Michigan, Illinois, and Minnesota. 

() Severe mountain 
environment: 3-in 
AC over 6-in. 
granular base 
(10 yrs. old). 

Figure 12. Influence of environment on 
shoulder performance in California. 

Deep granular bases and subbases have 
been used in Minnesota, New York, Ohio, 
Pennsylvania and Utah varying from approxi-
mately 10 to 18 in. in thickness. New 
York uses approximately 4 in. of asphalt-
treated surfacing and Minnesota 1-1/2 to 
2 in. The other states use 3 in. of 
asphaltic concrete. Maximum settlements 
from approximately 1/2 to 1-1/2 in. have 
been found to occur in these shoulders. 
Shoulder sections with granular bases were 
found in Ohio to perform better than the 
other states using this type section. The 
better performance may be due at least 
partly to sloping the pavements so that 
water flows to the inside rather than the 
outside shoulder. The biggest problem in 
Ohio appeared to be longitudinal cracking 
about 1 ft. from the edge of the pavement 
that was attributed to frost heave during 
the first winter following construction. 
Ohio reported future plans to use full-
depth asphaltic concrete shoulders tapering 
from the slab thickness at the shoulder 
joint to 6 in. at the outside edge. In 
New York, settlement of the shoulder was 
reported to be the most severe type of 
distress, although some cracking also 
occurs. In Minnesota and Utah, both 
settlement and cracking of the shoulder 
near the longitudinal joint were found to 
be important. Because of present shoulder 
deterioration, Minnesota had plans to use 
a 4-in. asphaltic concrete surfacing in the  

future, and to wait until shoulder settle-
ment had occurred before sealing the longi- 
tiidin1 jint 	Some of the cxccccivc 
settlement experienced in Minnesota may 
have been caused by compacting the granular 
materials under a specification requiring 
only 100% of AASHTO T-99 density. Utah 
planned to use concrete shoulders on future 
interstate construction. 

Pennsylvania has studied the perfor-
mance of the following four bases: (1) 
bituminous concrete, (2) soil cement, 
(3) bituminous soil, and (4) lime-flyash. 
Shoulder sections using the asphaltic 
concrete base course have been found to 
gi"e the best performance and were being 
used by Pennsylvania. This section 
consists of 4 in. of asphaltic concrete, 
6 in. of aggregate base, and a variable 
thickness subbase. The subbase thickness 
used is typically 12 in., and is determined 
from frost considerations using the Corps 
of Engineers method [11). 

SsperimentaZ Studies. Several states 
have conducted experimental programs to 
evaluate the influence of various shoulder 
design features. For example, in an 
experimental shoulder-base sLudy, 
California removed and replaced two-foot 
sections of the shoulder nearest the joint 
with: (1) permeable asphalt-stabilized 
aggregate, and (2) unstabilized Class 2 
permeable aggregate base. External 
drainage was not provided from these 
permeable strips. Full-depth asphaltic 
concrete shoulder sections are also being 
studied. Fiberglass reinforced membranes 
are being evaluated for reducing erosion 
at the longitudinal joint. The membranes 
have been placed down the edge of the 
concrete pavement and over the portion of 
cement-treated base extending out from the 
pavement into the shoulder. Preliminary 
results indicate that the asphalt-
stabilized granular drainage strip is most 
effective in reducing faulting in the 
pavement. 

Georgia and Louisiana have experi-
mented with permeable asphaltic concrete 
base layers. Georgias drainage section 
had not been in use for a long enough time 
to evaluate its performance. In Louisiana, 
the asphalt-stabilized aggregate drainage 
layer as constructed was very unstable, 
with deep ruts developing in the shoulder 
surfacing from heavy vehicles. Had a more 
stable mix been used with a lower 
permeability, excessive rutting may not 
have been a problem. 

Minnesota was conducting an extensive 
study to evaluate different shoulder 
sections, but comparisons of shoulder 
performance had not been made. 

Port land Cement Cncrcte Shou iders 

Portland cement concrete shoulders 
adjacent to mainline concrete pavements 
have been constructed for the past 12 
years. Between 1970 and 1974, approxi-
mately 5.7 million sq. yds. of concrete 
shoulder contracts were awarded in a total 
of 21 states [13,14]. States with 
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constructed or planned portland cement 
concrete shoulders (1974) are shown in 
Figure 13. Table 3 summarizes the different 
shoulder sections used or planned by the 
various states. Only sections constructed 
in Illinois, Texas and Michigan have been 
in service for a sufficient length of time 
to evaluate their longterm performance. 

Figure 13. States having concrete shoulder 
projects by the end of 1974 (after Reference 
13) 

In Illinois, the portland cement 
concrete shoulders were found to perform 
as well or better than asphaltic concrete 
sections. From a comprehensive study 
performed in Illinois, the following 
significant conclusions were reached [15] 

A plain concrete shoulder 6-in. 
thick gives good performance. 

The shoulder should be tied to the 
mainline pavement by 30 in. long tie bars 
spaced 30 in. on center. 

Spacing of transverse joints of 
about 20 ft. is desirable for control of 
intermediate cracking. 

Use of a 6 in. granular subbase 
under the concrete shoulder was found to 
reduce the amount of shoulder cracking by 
approximately 1/2. However, the cracks 
that did develop in the sections not under-
lain by a subbase remained closed and did 
not significantly effect shoulder perfor-
mance. 

Sealing the longitudinal edge 
joint did not improve shoulder performance. 

Several states have followed the recommenda-
tions of the Illinois study inconcrete 
shoulder construction; others have increased 
the slab thickness to equal that of the 
mainline pavement. 

The Federal Highway Administration 
[16] has recommended using either a straight 
or tapered concrete shoulder having a 
minimum thickness of 6 in. A stabilized 
base is also recommended. Further, when 
the inside and outside shoulders are 
integrally placed in one pass ofa slip-
form paver with a 24-ft. wide mainline 
pavement, a longitudinal joint is recommend-
ed between the mainline pavement and the  

shoulder. When a jointed mainline pave-
ment is used, steel reinforcement is not 
required in the shoulder. Where continuous-
ly reinforced mainline pavements are used, 
the same percentage of longitudinal steel 
is recommended for the shoulder as the 
mainline pavement. 

The Portland Cement Association has 
made the following recommendations which 
follow closely those of Illinois: 

A minimum shoulder slab thickness 
is recommended of 6 in. 

Shoulders should be placed directly 
on in-place material. 

Sealing of the longitudinal 
shoulder-joint is optional. 

Use of a keyway in the longitudinal 
joint is optional. 

Tie bars or tte bolts are recommend-
ed to keep the longitudinal joint tight 
and maintenance free. 

Grooved or plastic-insert 
contraction joints should be used (1/4 slab 
thickness) and should be placed at a 
spacing of 10 to 20 ft. 

Corrugated strips should be 
impressed in the surface of the plastic 
concrete as a safety feature [17] . Depths 
of 1 in. and widths of 4 to 6 in. are 
recommended at spacings of 60 to 100 ft. 

Plain concrete is recommended 
without reinforcement. 

Sealant.s and Sealing 

Type Sealants Used. The longitudinal 
pavement-shoulder joint sealing practices 
of the states visited are summarized in 
Table 4. Of the states interviewed, only 
North Dakota, Minnesota, Texas (primarily 
District 19) and Utah presently seal the 
longitudinal pavement-shoulder joint as a 
routine practice. In general, the 
practices of the other states summarized 
in Table 4 are for either experimental 
sections or for a limited number of 
projects. 

In some instances, RC, MC and 
catalytically blown asphalts have been 
used to seal the longitudinal joint in new 
construction. Because of their relatively 
poor field performance as illustrated in 
Figure 14, these relatively inelastic 
sealant materials probably should not be 
used to seal newly constructed longitudinal 
pavement-shoulder joints. 

Of the ten state highway and trans-
portation organizations sealing the longi-
tudinal joint, nine reported using hot-
pour, rubber-asphalt sealants. Polyure-
thane sealants have apparently not been 
used in the longitudinal joint. A very 
significant difference was observed 
between the field performance of the 
regular and so-called improved (or up-
graded) rubber-asphalt sealants. The 
regular rubber-asphalt sealants typically 
pass Federal Specification SS-S-164 (or an 
equivalent specification) while the 
improved rubber-asphalt sealants pass 
either Federal Specification SS-S-1401A, or 
more typically, modified standard 
specifications developed by the individual 
states. The primary modification usually 
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Table 3. Summary of portland cement concrete shoulder designs (1974). 

STATE TYPE 
SLAB 

THICKNESS 
(inches) 

ASE TIE BARS 
TYPE THICKNESS 

(inches) 
SIZE 	I 
No. 

SPACING 
(inch) 

Alabama CRC 8 Aggregate 6 - - 

Arizona - 	Design Details Not Available 	- 	 - 	- 

Georgia 
I 

Plain 
11 taper 	I 
to6 

Subgrade - 4 	I 
I 	 I 

30 

Idaho - 	Design Details Not Available 	- 	 - 	- 

Illinois Plain 6 	mm. Subgrade - 4 30 

Iowa Plain 6 - - - - 

Kentucky Plain, 	rein. 5 to 7 - - - - 

Maryland Reinforced 7 - -. 4 30 

Michigan Plain 
9 taper 
to 6-1/4 

Aggregate bolt  
hook 

40 

Minnesota - 	Design Details Not Available 	- 	 - 	- 

Nebraska Plain 5-1/2 Subgrade -. - - 

New Mexico Plain 8 
Cement Stab. 

Base - - 

New York Plain 6 	mm. Aggregate 8 	mm. - - 

N. 	Carolina Plain 7 . 	- - - - 

N. 	Dakota. CRC 8 Aggregate 2 5 48 

Pennsylvani Plain 6 Aggregate 12 
hook 
bolt - 

Ohio - - - - - - 

Texas CRC 8 
Cement Stab. 

Base 6 4 36 

Utah Plain 9 
Cement Stab. 
Aggregate 

5 5 36 

W. 	Virginia Plain 8 Cement Stab. 
Aggregate 6 - - 
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Table 4. Summary of longitudinal pavement-shoulder joint sealant practices. 

STATE TRANSPORTATION ORGANIZATIONS 
Sealing 
Practice Arizona Illinois Massachu- Michigan Minnesota North Ohio i'ennsyl- Texas Utah 

settS Dakota vania 

Sealing Yes No No Yes Yes Yes No Yes 
Presently Used 

Joint Size 	(width lx3 1/2 x 3/4 1/2 x 3/4 1/8  & 1/4 3/4 x 1, 1 xl also 1/4 x 2 1/2 x 2 /4 x 1-1/2 
5/8 x 1 

and depth, 	in.) x 1-1/4 5/8 x 1 3/4 x 3/4) /4 xi, lxi 

Joint 	(1) P 5 B S S F/S F G S/N 	. 5 
Construction 

Joint 	(2) B B (11) B B 9  B No - B B 
Cleaning - 

Application)6) PR - GB PR OR-PR PR - - - PR 

Bond No .No No No Yes No No No Yes 7  No 
Breaker 

Installation SpF F ' 	- - A0) F - F A SUF 
Time(3) 

Hot or 

Sea1ant BA BA PA BA RA BA Cold BA RA 8 
 

BA 
Improved Improved Improved Improved (AASNO 

Specs.) 

Reported Cost 
330/ft 25-304/ft. 250/ft. 25-200/ft. 350/ft. 

214/ft. - 7-124/ft. 
(Installa 20 0/ft. 

(Material and (1967) (1972) (1969) (1971) tion only) (1968-70) - 
install) 

Sealed Joint 
Performance(5) 

G F-G G P P-F G G P P-F P-F 

All Seals Experimen- 1-495 Experimental Shoulder All Shoulder A.C. 	20 primarily Shoul- 
Approxi- tal seal- near sealing settle- longi- settle- primer on used in der 
mately 1 ing study; Boston study; Pro- mentsup tudinal nentsup PCC; Dist. 19 settle- 
year old cohesive (Seal blems with to 1-1/2 joints to 1-1/2 adhesion cent 

failures approx. getting in.; sealed in.; failure up to 
in A.C. by 2 years sealant to Adhesive )rime to PCC 1 	in. 
joint old) bottom failure conc. with 

in A.C. cutback I 
asphalt 

NOTES: 

Construction Method: G= Grooved, S= Sawed cut, F=Formed, R=Routed 
P = Plow 

Joint Cleaning: B=Blow with compressed air 

Installation Time: F=Fall, Sp=Spring, S=Summer, A=No closed 
season 

Sealant: RA= Rubber Asphalt (refer to Table 5 for specs.) 

Sealed Joint Performance; Poor = less than 1.5 years; 
Fair = 1.5 to 2.5 years; 
Good = greater than 2.5 years. 

Application: PR = Pressure Applicator 
GB = Gravity Applicator 

Paper bond breakers have been used by Texas 
on experimental section - 

G. Catalytically blown asphalt usually used in 
the 1/4 x 1-1/2 and 1/4 x 1 joints; rubber 
asphalt usually used in 1 x 1 joints. 

Joints are also surface brushed by Minnesota 

In the future Minnesota will seal joint 
1 year after construction to allow shoulder 
settlement to occur 

Joints cleaned with a propane torch (20000F) 
and blown out with high velocity air 
(2000 ft. per sec.) 

Utah plans to use concrete shoulders in 
future. 
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Table 5. Summary of hot-pour elastic sealant specifications used by selected state 
transportation organizations. 

STATE I I FIELD 
TRANSPORTATION BOND FLOW ENETTION 	~ (RESILIENCE ,  DUCTILITY I 	FLOW I 	IMPACT 

I 
I 	COMPATIBILITY 

ORGANIZATION TEST TEST RECOVERY) I TEST TEST WITH A.C. 

California NO STANDARD SPECIFICATIONS 
)1973) 

Georgia Modified 0.3cm 5 0. 9 cm 2 60 General Require- 
)1972) )GHD:62) )GHD:62) )GHD:62) (GHD:62) ments Only 

Illjnois)2) Modified 1 1cm 0.5-0.9cm > 25 > 35 cm No failure; 
)1971) )D 	1191-64) (A-D1191) )A-D1191) (A-D217) )A-D113-44) - 100 in-lbs. 

Impact 9 0°F 

Louisiana 
)a) AASHO M173 Std. <0.5cm 

- 
<0.9 cm 
- 

<2.0 cm 

Louisiana Low Temp. <0.3 cm <0.9 	cm 60 No Adhesive 
(b) 	Fed. S-1402 (S-1401) (S-1401) (S-1401) (S-1401) Failure 	)S-1401) 

Michigan Modified < 1 cm 
)S-164) (s-164) 2 40cm <2.0cm 

)1970) )S-164) (5-164) (A-D113) )S-164) S-16 4  

Minnesota4 Modified < 1.0cm 0.5-0.9cm > 25 2 	35 < 2.0cm No failure;  
(AND M-173) (AND M-173) )AHOT-187) )MHD Test) (AND M-173) )KHOT-187) 100 	in--lbs. 

Impact 9 0°F 
)MHD_Test)  

New York 
)1973) NO STANDARD SPECIFICATIONS 

North Dakota Std.(') < 1.0cm 3.5 - 0.9cm  ~ 35 5 2.0cm  
)1971) (A-D1190) (A-D1190) )A-D1190) )AHD T-51) )A-D1191) 

Ohio Std. < 0.5 cm < 0.9 	cm  
)1971) (AHOM-173) (AHOM-173 )AHOM-173) 2.0 cm  1 

Pennsylvania Std. < 0.5 cm < 0.9 	cm  s 2.0 cm 
(1970) )A-D1190) )A-D1190) )A-D1190) 

Texas Std. 6 150F < 0.5 cm )3)  
)T-525) )Tex.-525-C )Tex.-525-C) 

Utah 
)1970) NO STANDARD SPECIFICATIONS 

NOTES: 

North Dakota only uses improved rubberized asphalt sealants for longitudinal pavement-shoulder joints, 
which pass modified bond test requirements. 

These specifications were used by Illinois on a special longitudinal pavement-shoulder joint sealant 
study. 	 - 	 - 

Penetration > 0.26 cm 0 320 
F, 200 grams, 60 seconds: Penetration 0.45- 0.75 cm 9 770 

F, 150 grams, 5 seconds. 
Minnesota requires a 0.4 inch compression recovery; sealant material may be heated at recommended 
pouring temperature with constant mixing for 6 hours before testing. 

ABBREVIATIONS: 

A = ASTM Specification 
AHO = AASHO Specification 
S-164 = Federal Specification SS-S-164 
S-1401 = Federal Specification SS-S-1401 
T-525 = Texas 525-C Specification 

MHD = Minnesota Highway Department Specification 
GHD = Georgia Department of Transportation Specification 

Bond Tests: 
Std 5 cycle, 50% Extension, 0°F 

Modified = 5 cylce, 100% Extension, 0 OF 
Low Temp.= 3 cycle, 50% Extension, -20 F, both non-immersed 

and water immersed specimens air tested 
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is the use of a five-cycle, 00F bond test 
in which the specimen is extended to 100% 
of its length as compared with the 50% 
extension required by SS-S-164 and most 
other standard specifications. A summary 
of hot-pour, elastic sealant specifications 
for the states interviewed is given in 
Table 5. Of the ten states interviewed 

(a) Catalytically 
	

(b) Catalytically blown 
blown asphalt. 	maintenance seal- 

joint routed 
(4-yr. old). 

Figure 14. Comparison of catalytically 
blown asphalt and regular rubber-asphalt 
sealants after 6 years. 

having standard hot-pour elastic sealant 
specifications, six required in either the 
specifications or else in actual practice 
that the sealants pass the 100% extension 
bond test; this ratio is probably higher 
than that for all of the states. 

Several states have provisions in 
their specifications for performing the 
field flow test (ASTM B 1190-64). The 
purpose of this test is to insure proper 
treatment of the sealant material in the 
field during the heating process. 
ASTM D 1190-64 recommends that at least 
two flow test specimens be prepared each 
day during the sealing operations from the 
sealant material while it is in a condition 
ready for application. Minnesota reported 
the field flow test to be a very useful 
method for controlling the field sealing 
operation. 

sealing Cost. Typical ranges in 
sealant costs (1975) are summarized in 
Table 6. Net  considering inelastic type 
materials, such as pure asphalts, rubber-
asphalt sealants are the least costly of 
any presently being used. The improved 
rubber-asphalt sealants cost approximately 
10 to 20% more than the regular mixtures. 
Polyvinyl chloride sealants are only 
slightly more expensive than the improved 
rubber-asphalts, while polyurethane 

Table 6. Typical costs for sealants suitable for use in the longitudinal 
pavement-shoulder joint (1975). 

COMMERCIAL 
SEALANT TYPE TYPICAL USE 

MATERIAL 
lxi" 

COST FOR 
JOINT/.L00 

ESTIMATED TOTAL COSI 
1" xl" 	JOiNT/lOG 

(1) 

Asph1t Cement Joint 	Maintenance $1.5 	- $2.1 $13.5 	- $14.1 

Catalytically Blown 
Asphalt Joint Maintenance $2.1 	- $2.6 $14.1 	- 14.6 

Rubber Asphalts 
Regular rubber Formerly for new $10 - $13 - 
asphalt joints 

Improved rubber New Joints $13 - $16 $30 - 	$45 
asphalt 

Polysulfide Will not bond to 
asphaltic concrete 

Polyvinyl Chloride New Joints and $19 - $28 $35 - 	$53 
(PVC) resealinq 

Polyurethane 
Sealant Experimental $19 - $66 $53 $82 
Primer Transverse sealant $0.50- $1.75 

tests 

1. Estimated costs given are for production work performed by a sealing contractor using 
proper mechanized equipment. 
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sealants are approximately three times the 
cost of improved rubber sealants. 

The total cost of cutting and sealing 
the longitudinal pavement-shoulder joint 
given by the various states interviewed 
varied from 21 to 35 centsper linear foot 
of joint for regular and improved rubber-
asphalt sealants. Considering the costs 
reported by the states interviewed and 
from discussions with sealing contractors, 
constructing a l-in.-by-l-in. longitudinal 
joint groove and sealing it cith an improv-
ed rubber-asphalt sealant should cost for 
the sealant prices previously given 
approximately 30 to 45 cents per linear 
foot of joint, provided the work is 
performed by an experienced sealing 
contractor. 

Joint Construction. The most commonly 
used method of constructing the longitudin-
al joint groove (sealant well) appears to 

'he sawing, although routing or forming 
operations are also sometimes used (refer 
to Table 4). The joint can be sawed with 
a diamond blade and water, or dry with an 
abrasive blade usually made of Carborundum. 
For joint grooves of widths greater than 
about 3/8 in., heads having multiple 
diamond blades or a special multiple 
abrasive blade unit are usually used to 
obtain the specified joint width in a 
single pass. Sawing with a diamond blade 
gives a true rectangular shape as compared 
with a somewhat rounded bottom obtained 
with an abrasive blade. A router also can 
be used to cut wide longitudinal joints in 
asphaltic concrete. The cutting head on 
the router, however, tends to wear very 
rapidly and to produce a nonuniform cross-
section as a result. 

In North Dakota, where a full-depth 
asphaltic concrete shoulder is used, a 
steel wheel has been employed successfully 
to roll a longitudinal groove in the 
asphaltic concrete at the joint with the 
concrete pavement. The wheel, used 
successfully by, one sealing contractor, is 
10 in. in diameter and is mounted on an 
I-beam installed in place of the cutting 
blade on a motor patrol. The wheel is 
3/4 in. in width and gives a rolled groove 
approximately 7/8 by 7/8 in. in size. I.t 
has been found that rolling can be perform-
ed either just after the asphaltic concrete 
has been placed, or later during sunny 
weather when the air temperature is above 
approximately 800F. The rolling' action 
has been reported to result in some 
additional compaction in the asphaltic 
concrete in the immediate vicinity of the 
joint where compaction is normally poor. 

After rolling the groove to a slight-
ly smaller dimension than the final 
specified value of 1 by 1' in., abrasive 
blades can be used to cut the joint to the. 
specified dimensions. Cutting the joint 
in this way cleans the concrete face and 
exposes aggregate on both faces. 
Seemingly, this should result in a better 
bond of the sealant to. the faces than if 
the sealant were poured ma formed groove. 
Also, the initial forming of the groove 
reduces the cost of blades approximately 
in half. Because of the weight of the 

1- by-14-in. diameter abrasive saw, a 
special frame and heavy duty bearing system 
was constructed for the sawing operation. 

The 3/4-in, wide by 1-in, deep joint 
used in Minnesota is normally sawed using 
a diamond blade and water. Forming the 
joint with a roller in the 3-in, thick 
asphaltic concrete surfacing was found not 
to work well because of insufficient 
thickness of asphaltic concrete. In 
Minnesota, a paper strip is placed in the 
bottom of the joint to break the bond. 
The methods Wsed to clean the joint and 
pour the sealant are in general similar 
in both Minnesota and North Dakota. All 
the equipment used for the sealing operation 
is usually mounted on a flat-bed trailer 
and consists of an air compressor, two 150-
gallon hot-pour kettles, and a 300-gallon 
propane tank. This equipment set-up 
requires a minimum number of men, and the 
use of two' kettles minimizes the time spent 
waiting for the sealant to melt. With a 
12-man crew, approximately 18,000 ft. of 
3/4-by-i-in, longitudinal joint can be cut 
and sealed in Minnesota during a 10-hour 
day. In North Dakota, approximately 15,000 
feet of 1-by-i-in, joint can be sealed by 
an 8-man crew during a 10-hour day. 
Construction work on joints is usually 
performed by a sealing contractor. 

Staib [19] has described the construc-
tion of approximately two miles of longi-
tudinal joint grooves on the Ohio turnpike 
using a forming technique. The longitudinal 
groove was impressed along the edge of the 
pavement by means of a commercially 
available rolling wheel which was attached 
to the mold board of a motor grader. Two 
castor wheel assemblies from a snowplow 
were used to maintain a constant groove 
depth and to give better control of the 
rolling operation. Reportedly, up to 
5,000 ft. per hour could be formed using 
this equipment. The groove obtained was 
vertical on the concrete side and slightly 
tapered on the asphalt side, having a 3/8-
in. width at the surface.. The joint was 
sealed with a cold-applied sealer using a 
specially designed buggy. An operator 
controlled the application of the sealant 
while riding in the buggy which was guided 
by a wheel that runs in the joint groove. 
The buggy was pulled with a tractor, and an 
average of two to three miles per day was 
completed using a four-man crew. 

District 19 of the Texas Highway 
Department has routed out the longitudinal 
joint through use of a specially built 
routing tool attached to a motor patrol. 
The router is a hardened scarifier tooth 
that protrudes downward below a pressure 
foot, which is pressed down on the 
asphaltic concrete surface to minimize 
damage to the asphaLt concrete shoulder. 
After routing, a rotary broom was used to 
clean the excess material from the surface, 
and the joint was blown out with compressed 
air just prior to sealing. 

Michigan [20,21] constructed 1/4-in. 
wide longitudinal pavement-shoulder 
joints using a self-propelled, water-cooled, 
diamond blade saw at 12 test sections. A 
spall-free, uniform cut 'was made at an 
average of 1,500 ft. per hour four days 
after the shpulder had been placed. Sixty 
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random measurements showed the joint to 
have an average width of 9/64 in. with a 
standard deviation of 1/32 in. The average 
depth was 1-1/4 in. with a standard 
deviation of 1/16 in. The sawed joint was 
flushed with water, and then blown out with 
compressed air. A cold-applied sealant was 
placed in the joint using a pressure 
applicator. 

In a study of the performance of 
sealed longitudinal pavement-shoulder 
joints in Illinois [22], the 1/2-in, wide 
by 3/4-in, deep joint was cut dry using a 
pair of abrasive Carborundum blades. The 
joint was cleaned with compressed air, and 
filled with a hot-pour rubber asphalt using 
a hand-held applicator. 

Performance. The performance of 
sealed longitudinal pavement-shoulder 
joints was found during the field inspec-
tions of this investigation to be 
significantly influenced by: (1) joint 
dimensions; (2) sealant type; and (3) 
shoulder movement. The inspections 
indicated a significant improvement in 
performance of the sealed joint as the 
constructed joint width was increased from 
'1/8 to 1 in. In general, sawed joints 
having widths less than approximately 1/2  
in. performed relatively poorly, while 
joints having widths between 3/4 and 1 in. 
showed a significant improvement in 
performance. of the configurations used by 
the states visited, the 1-by-i-in, joint 
was found in general to exhibit the; best 
overall performance. 

When compared to the regular rubber- 
asphalt sealants, the improved rubber 
sealants have been found in both the 
laboratory and field to exhibit significant-
ly better bonding characteristics, not 
deteriorate as rapidly due to weathering, 
and remain flexible much longer. Inelastic 
filler-type sealants, such as catalytically 
blown RC, RS, and MC asphalts, when used 
in new construction, have been found to 
harden, crack, and fail in adhesion within 
about one year after construction.even when 
placed in 1-in, wide joints [19,22]. The 
improved rubber-asphalt sealants when used 
in l-by-l-in. joints have been observed to 
result in an effective seal over a signifi-
cant length of the joint for typically 
three to fouryears befole maintenanr.e i 
requirod [c.f. 22]. Effective sealant 
lives as great as five years were reported 
in a few instances. 

Shoulder settlements greater than 
approximately 3/8 to 1/2 in. were seen in 
the field inspections to decrease signifi-
cantly the effectiveness and maintenance 
free life of sealants. Larger movements 
had even greater detrimental effects on 
sealant performance. 

'In Michigan, Zapata [20] found that 
sawing and sealing longitudinal joints 
could reduce longitudinal cracking in the 
shoulder. The overall performance of the 
sealed shoulder was, however, still 
relatively poor due to the use of a thin 
structural shoulder section and only a 
1/4-in, wide longitudinal joint. Neverthe-
less, a reduction in cracking was usually 
observed in sections having sealed joints  

compared to the unsealed sections as 
illustrated in Figure 15. Field measure-
ments reported by Zapata indicate a general 
tendency for the amount of longitudinal 
cracking to be related to the magnitude of 
vert.icel and lateral joint movements 
(Fig. 16). 

TEST SECTIONS (0.25 MILE LENGTHS) 

Figure 15. Comparison of cracking in 
sealed and unsealed two year old pavement 
shoulders (after Reference 20). 

1.5 INCH A.C. SURFACE 
4.5 INCH GRAVEL BASE 
14 INCH SAND SUBBASE 

V ..  

0.234 	0.266 	0.297 	0.326 	' 0.359 	0.381 	0.422 

JOINT WIDTH (INCHES) 

Figure 16. Relationship between shoulder 
cracking and joint width (Adapted from 
Reference 20) 

McKenzie and Dierstein 1221 have 
presented the results of an experimental 
study of the performance of sealed longi-
tudinal pavement-shoulder joints in 
Illinois. A 1/2-in, wide by 3/4-in, deep 
joint was sealed with both ASTM D 1190 and 
experimental improved rubber-asphalt 
sealants. The results of this study 
indicate that sealing the joint can reduce 
the vertical and horizontal movement when 
the shoulder movements are relatively small 
(average movements on the order of 1/8 in.). 
In this study it was found that sealing the 
longitudinal joint in a shoulder consisting 
of 3 in. of bituminous surfacing over a 
gravel base reduced differential frost 
heave of the shoulder from a maximum value 
of 5/8 in. to a maximum value of 3/8 in. 
(Fig. 17). 
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The Illinois study also showed that 
sealing the longitudinal joint was not 
effective at locations where settlements 
were larger than approximately 1/4 to 1/2 
in. This tends to be supported by the pre-
liminary results of a recent study under-
taken by Minnesota that indicates sealing 
the longitudinal pavement-shoulder joint 
will not prevent the large shoulder 
settlements of up to 1-1/2 in. experienced 
in that state. These results suggest that 
large shoulder settlements a-re not primarily 
related to the entry of water into the 
shoulder at the longitudinal joint. 

WINTER MOVEMENTS 

	

SHOULDER SETTLEMENI 	SHOULDER HtAVE 1 	 - 	 - - 
CRCP PAVEMENT  
SHOULDER: 

3 in. BITIMINONS SURFACU - 	, 	
•7 - In. GRAVEL BASE (OPEN GRADED), \ NO SUBBASE ~UNSEIIALED , 

8 	6 	4 	2 	0 	2 	4 	6 	B 	10 	12 

- 	 VERTICAL MOVEMENTS (1116 INCH) 

Figure 17. Comparison of vertical shoulder 
movements during winter for sealed and 
unsealed longitudinal joints (after 
Reference 22) 

Table 7 summarizes the influence of 
sealing the longitudinal joint on the 
amount of longitudinal and area cracking in 
the experiment reported by McKenzie and 
Dierstein in Illinois [22]. No longitudinal  

cracking adjacent to the pavement-shoulder 
joint was observed in the portland cement 
concrete and full-depth bituminous shoulders 
either with or without sealed longitudinal 
joints. In the sections having granular, 
cement-aggregate and pozzolan-aggregate - 

bases, use of a 1/2-by-3/4-in. sealed 
joint reduced adjacent longitudinal crack-
ing in the shoulder by approximately two-
thirds; the crack lengths per 1,000 ft. 
of shoulder for sealed shoulder sections 
were 2.6, 184,. and 196 feet, respectively. 
The significant cracking problems experi-
enced in the shoulders having pozzolan-
aggregate and cement-aggregate bases were 
considered to be due primarily to the 
deterioration with time of these bound 
materials. Limited field measurements 
indicated that, on the average, the 
subgrade moisture content beneath sealed - 
sections ranged from approximately 0 to 4% 
lower than under shoulders of unsealed 
sections. Additional studies, however, 
need to be performed to verify these 
preliminary findings. 

Wolters [23] has presented the results 
of a comprehensive study of 40 different 
methods for sealing cracks in asphaltic 
concrete pavements. This study conducted 
by Minnesota showed that the method used to 
prepare and seal the crack had significant 
effect on the performance of the sealant. 
Significant conclusiors reached from the 
study include: (1) surface brushing of the 
horizontal pavement surface on each side of 
the crack and blowing out with air prior to 
sealing increases the service life of 
routed cracks; (2) twist brushing in the 
crack results in a reduced service life 
and should not ordinarily be used; (3) - 

sealed cracks in asphaltic -concrete should 
be slightly overfilled; and (4) bond 
breakers should not be used in sealing 
cracks in bituminous concrete. 

Table 7. Effect of sealing the longitudinal pavement-shoulder joint 
on longitudinal and area cracking (after Reference 22) 

Base 
Material 

DesignW 
(inches) 

Longitudinal Cracks 2 (Inner Edge) Area Cracking 3 
Sealed Unsealed Sealed Unsealed 

Portland Cement 
- 	

90_4(4) 
0 -. 	0 0 0 

Concrete - 

Bituminous-Aggr. 8-0-4 0 - 0 228 426 
Mixture 

Gravel 3-7-0 2.6 130 - - 

Cement Aggr. 
2.5-7.5-4 184 622 0 0 Mixture 

Pozzolanic 
Mixture 2.5-7.5-4 196 540 34 43 

- 1. Surface, base and subbase thickness (inches) is given in that order; the crushed 
stone su-bbases are very open graded to permit drainage. 
Lineal feet of longitudinal cracking per 1000 lineal feet of shoulder. 
Square feet of area cracking per 1000 lineal feet of shoulder 
Shoulder section tapers to 6.5 in. at edge. 
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Furthermore, Wolters found that 
asphaltic concrete surfaces should not be 
primed with either a slow curing CSS-1 
emulsion or an RC liquid asphalt. In 
addition, both field observations of cored 
samples and laboratory bond tests conducted 
by Pennsylvania [24] indicated that the use 
of a concrete curing compound and/or 
AC-2000 asphalt on the portland cement 
concrete side of the joint resulted in a 
poor bond at the interface. These two 
studies indicate that a primer or tack coat 
should not be used on either the asphaltic 
concrete or the portland cement concrete 
faces of the joint. Any curing compound 
applied to the concrete face of the joint 
should be removed during the sawing 
operation. 

Rice [25] has described a jointed 
concrete pavement section constructed in 
North Dakota on an expansive clay subgrade 
that underwent warping movements as large as 
3-1/2 in. at the corners of the slabs 
during the second winter after construction. 
The dish-shaped warping of the slab was 
apparently caused by an increase in subgrade 
moisture content in the vicinity of the 
joints. A cyclic pattern of warping move-
ment was found to occur during the second 
t±rough the fourth winters with the 
magnitude of warping decreasing during the 
summer. The summer after the fourth winter, 
the cyclic warping movement unexpectedly 
subsided to a negligible amount. The 
expansive clay subgrade soil was found to 
move up and down remaining in contact with 
the slab. Heaving was attributed to 
failure of the original transverse joint 
seal which resulted in moisture entering 
the subgrade in the vicinity of the joint. 
The investigation conducted by Rice 
indicated that effectively sealing both the 
transverse and longitudinal joints would 
reduce, but not entirely prevent, warping of 
the slab due to heaving of the subgrade 
soil. The study also showed that ,a l-by-l-
in. longitudinal joint could be sealed 
successfully with a hot-poured, rubber-
asphalt sealant. 

Expansive clay subgrade soils in Texas 
were observed to have caused a wavey 
longitudinal profile and the longitudinal 
joint between the CRCP pavement and the 
shoulder to open as much as 3 to 4 in. 	A 
limited number of field investigations 
indicated that the damage done by the 
expansive clay soils was significantly 
greater on the inside shoulder as compared 
to the outside. In these instances surface 
drainage was to the outside shoulder. This 
observation suggests that the water led to 
the outside shoulder may help to reduce the 
amount of .moisture variation and hence 
reduce the outside shoulder movements. A 
more detailed study is needed before a 
definite conclusion can be reached. Both 
Texas and North Dakota now use CRCP pave-
ments which have eliminated the problem of 
infiltration of water into transverse joints 

Drainage Practices 

Problems experienced in the vicinity of 
the pavement-shoulder joint have frequently 
been related to water [26,27,28,29,30]  

which enters through the pavement surface 
or gets beneath the pavement due to grbund-
water movement. The surface and subsurface 
drainage practices used to control water by 
the state highway and transportation 
organizations interviewed during this study 
are summarized in Tables 8 and 9. 

Surface Drainage. Typical transverse 
surface slopes being used vary from 1/8 in./ 
ft. to 1/4 in./ft. for the pavement and 
between 1/4 and 1-1/2 in./ft. for the 
shoulder. Only Ohio uses a reverse trans-
verse pavement slope to limit the amount of 
pavement surface water draining across the 
outside longitudinal pavement-shoulder 
joint (Fig. 18). The performance in Ohio 
of shoulder sections having reverse slopes 
appeared to be better than for sections 
sloping toward the outside edge. 

MEDI AN 

1/3m/ft 

Four-lane pavement. 

MEDIAN 

3/16n/f1 	3/16 in/ft 

I P727 

(b) SIX—LANE PAVEMENT 

Six-lane pavement. 

Figure 18. Reverse surface drainage used 
in Ohio on divided highways. 

Subsurface Drainage Practices. A 
number of years ago Hveem [32] concluded 
that slab pumping would not be a serious 
problem if water did not accumulate beneath 
the pavement. Of the state transportation 
organizations interviewed, 10 of the 13 
indicated that specific measures had been 
adopted to remove water from beneath the 
pavement (Arizona, Texas and Utah did not) 
With the exception of Illinois, these states 
were relying on granular base or subbase 
materials having from 0 to 20% fines to remove 
the water (Table 9). Six of these states 
were using a 'daylighted" base extending out 
to the edge of the slide s1ope. None of the 
states interviewed were using a high 
permeability asphalt-stabilized aggregate 
drainage layer as a standard section. In 
general, longitudinal drains and drainage 
blankets were being used only in critical 
areas where water was found to be a problem, 
such as in cuts or where subsurface water 
conditions are encountered. Only Georgia 
(Fig. 19) and Pennsylvania were using longi-
tudinal drains as a routine design practice. 
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Table 8. Drainage practices of states interviewed. 

SURFACE DRAINAGE SUBSURFACE DRAINAGE LAYER PIPE SHOULDER DRAIN 
HIGHWAY  

ORGANIZATION Paven:nt shoulder Material Thickness Extent Type Location Size 	(in.) 

Granular 
Arizona 1/4 in/ft 1/4 in/ft Base or Daylighted None Provided - 

Subbase 

Granular Edge of Wet 	- Base 5mn Paved Conditions 

Shoulder 
(man.) Shoulder Only  

1-1/2 in/ 
Asphalt Full California 1/4 in/ft ft - 
Stabilized 5in. Shoulder 1 in. PVC 
Drainage (em.) Width )exp. 	only) 
Blanket 
(eop. only) 

Longitudinal 
Georgia • 1/8 in/ft 1/2 in/ft - - - Drain Standard See Fig. 19 

Design 

Open Graded Wet Conditions 
Illinois 1/4 in/ft 1/2 in/ft Aggregate 4 -6 in. onylighted During Shoulder - 

Subbase .Rehabilitation 

Louisiana 1/4 in/ft /2 in/ 1-1
ft 

ntal Experimental 

1 only ::: :nt  - 
- 

Only - 
Us:Edge Drains 

Michigan - - Base and 14-  in. Daylightad Where Zrainage - 
Subbase Path a 3E Feet 

Minnesota 3/16 in/ft 1 in/ft Granular 6 in. - Cuts Only - 

Granular Low Pointn New York 1/4 in/ft S in/ft nan: and 12 	in. Daylighted Only 

North Dakota 1/8 in/ft 1 in/ft - - - Seldon Used - 

(1) 3/16 in/ft Granular For Subgrade Soils 6 in. 	dix. 
Ohio (reverse 1/2 in/ft Subbase 7-1/2 Daylightnd A-4 	A-6, A-7-6 Clay or 

slope) in. MetalPipe 

Granular Daylsghtnd 1ç.0na. 
Pennsylvania 

- 1/4 in/ft 
- 

1/2 in/ft 6-12 	in. vement 	a 
Metal Pipe 

3/8 to Wet 
Tenas 1/4 in/ft 1/2 in/ft Nornally - - Conditions - 

Used Only 

Not 
Itah 1/4 in/ft 1/4 in/ft Nornally - - Not Used - 

Used 

new pavenents will nave stabilized base. No provision zor urainage. 

Table 9.. Gradation of granular base or subbases used in states interviewed. 

- 
STATE 

Grain Size 	(% Passing)  

2 	in. i in. 3/4 3/8 - 	#4 #100 #200 

California 
(Cement stabilized base beneath mainline) 
ioô 	f 	:io y' 2-9 

Class2 

Georgia Cement stabilized base 

Type A 
Illinois 	Type B 

Type C 

. 
. 

100 
60-95 
95-100 

50-100 
0-5 
0-10 

- 
- 
- 

0-3 

Louisiana (Cement stabilized base beneath mainline and shoulder) 

Michigan 100 60-85 37 

- Minnesota 100 90-100 50-90 35-80 - 3-10 

New York 	. 	 . 100 - - 35-65 - 0-10 

North Dakota 100 76-100 35-80 0-20 

Ohio Stabilized Base 	 - 

Pennsylvania 100 
I 

0-20 

Texas 	 . (Stabilized base beneath mainline and shoulder) 

Utah (Stabilized base and shoulder 
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Illinois [8] has reported the use of 
three open-graded subbases (Table 9) that 
have improved shoulder performance, 
particularly with full-depth asphaltic 
concrete shoulders. Fewer transverse 
cracks also were observed where the open 
graded subUae was used under PCC shoulders. 
All shoulder subbase materials were extended 
to the side slopes for drainage. No 
difference in performance was observed for 
the three gradations. Problems in keeping 
a washed sand (similar in gradation to PCC 
fine aggregate) in place during succeeding 
construction operations has resulted, 
however, in discontinuing the use of this 
material in base or subbase construction. 

CEM 

	

DRAINAGE COURSE 	
SUNOASE 

	

SELECT BORROW 	
DENSE GRADED ASPHALT CONCRETE 

Figure 19. Improved pavement-shoulder 
drainage system used in Georgia. 

Edge drains are used in Michigan when 
the drainage path is greater than 30 ft. 
or. when underground water problems are 
encountered. A 4-in, thick aggregate 
subbase is placed beneath the concrete 
pavement and extended 3 ft. out from the 
edge on each side. A 10-in, sand subbase, 
is placed beneath the aggregate subbase and 
carried out to the side slopes. 

During the field inspections in 
Michigan and elsewhere, daylighted bases 
and subbases were found to be generally 
covered with topsoil at their junctions 
with the sideslopes. As a result of this, 
and because of the common use of a relative-
ly high percent fines, these bases as 
presently constructed are believed in 
general to have a low capacity for draining 
water from beneath the pavements and 
shoulders. 4 similar conclusion has also 
been reached by Cedergren et al. [26] 

Most pavements in Ohio constructed 
from 1967 until recently have had a 
granular base under the pavement and 
shoulder having approximately 0 to 10% 
fines. This layer was drained by a longi-
tudinal pipe underdrain located 2 ft. from 
the edge of the pavement. Use of an under-
drain system was discontinued when designs 
went to a stabilized subbase under the slab 
and full-depth asphaltic concrete shoulders. 

Pennsylvania uses a 6-in, diameter 
longitudinal pipe underdrain system on all 
Interstate highways, with cross drains 
every 200 ft. Pennsylvania reported good 
performance of this underdrain system. 
Use of underdrain systems may be one reason 
for good performance of shoulder sections 
with unstabilized bases in Pennsylvania. 

Stabilized Drainage Layers. Gray, 
Hannon and Forsyth [31] have described the 
construction and performance of seven open-
graded, stone drainage blankets stabilized 
with 1.5 to 2% asphalt. The asphalt-
stabilized drainaqe blankets were used by 
California in localized areas where ground-
water was found to be a problem. This type 
of layer has been found to have a drainage 
capacity of up to 100 times that of the 
California standard Class 2 permeable 
drainage material, and a field efficiency 
of approximately 10 times that of the 
conventional drainage layer. A comparison 
between the asphalt-stabilized drainage 
layer and the Class 2 permeable aggregate 
base material is given in Table 10. The 
asphalt-stabilized drainage layer has a 
very high laboratory permeability that 
varies from about 7;500 to 10,000 ft. per 
day. A filter layer consisting of a 
relatively permeable, nonstabilized stone 
was used at locations where the asphalt 
stabilized drainage layer did not satisfy 
the filter requirements for placement 
directly on the subgrade. 

Table 10. Comparison of gradations of 
California Class 2 draidage material ith 
asphalt-stabilized drainage material. 

Sieve 
Size 

Class 2 
Permeable 
Drainage 1' 

Materials 

Asphalt 
Stabilized 
Drainage 
Blanket 

2 
1-1/2 

1 100 100 
3/4 90-100 90-100 
3/8 40-100 40-70 

No. 	4 25-40 . 	0-10 
8 18-33 0-5 
30 5-15 
50 0-7 
200 0-3 

1. California has found that Class 2 
permeable material can be used as a 
filter layer for the open-graded, 
asphalt stabilized drainage material 
when placed over a fine grained 
subgrade. 

Special techniques that can be used to 
construct asphalt-stabilized drainage 
blankets have been described elsewhere 
[31,36]. Though little or even no compac-
tive effort has been used in the construc-
tion of asphalt-stabilized drainage 
blankets, the drainage layer has been found 
in the field to perform quite well 
structurally when placed beneath conven-
tional flexible pavement structures. 
Problems with rutting of the surface have 
not been reported by California for this 
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type construction. Some after-construction 
compaction of the drainage blanket has been 
reported. Field investigations of some of 
these completed projects indicate that 
infiltration of fines has not occtirred 
where filter criteria have been satisfied 
[31]. 

Cedergren [79] has described several 
examples of the use of stabilized and non-
stabilized high permeability drainage 
layers as load carrying components of pave-
ment structures. The U.S. Forest Service 
has constructed over 600 miles of logging 
truck roads in the Pacific Northwest 
consisting of a thin chip seal overlying 
an emulsified stabilized open-graded base 
course. These roads have supported trucks 
weighing up to 200,000 lbs. without 
significant shoving or rutting. Further, a 
portion of U.S. 99 which has carried a 
heavy volume of traffic for many years with 
almost no maintenance has a very permeable 
asphalt treated binder course under a-
wearing course less than 1-in, thick. A 
heavy-duty military airfield pvement 
having an open-graded, unstabilized crushed 
rock base with permeability greater than 
100,000 ft./day has not undergone any 
rutting or other type damage after over 15 
years of carrying heavy aircraft loadings. 

The perfOrmance of an open-graded, 
asphalt-stabilized drainage blanket has 
also been studied by' Tayabji and Barenberg 
[36] using a small, circular test track 
facility. A 3-in, layer of asphaltic 
concrete was placed over the 4-in, asphalt-
stabilized drainage blanket and subjected 
to 246,000 repetiti6ns by a dual-wheel 
assembly loaded to 6,400 pounds. The 
drainage blanket was stabilized with 
approximately 2% asphalt. Although the 
materials tested had gradations similar to 
those of the blankets used by California, 
the initial permeabilities were approxi-
mately two to three times those of 
California. A reduction in permeability in 
the drainage layer as well as considerable 
surface rutting occurred under traffic. 
Intrusion of fines was apparently not .a 
primary factor in the reduction of the 
permeability. Also, asphalt stripping 
occurred in the drainage blanket. Because 
the primary purpose of the asphalt is to 
stabilize the stone during construction, 
stripping was considered not to directly 
effect performance. A significant 
stripping problem might, in some instances, 
lead to additional densification of the 
drainage blanket and consequent surface 
rutting. The problems experienced with 
rutting and stripping in the test track 
study was very likely partly because of 
the very high initial permeability of the 
drainage layer, and bedause it was located 
directly below the 3-in. asphaltic concrete 
surfacing. 

Nei.,ther surface rutting nor stripping 
was found to be a problem in the experi-
mental sections used in California where 
the drainage blanket was placed below the 
conventional pavement structure. The study 
in California has shown that a high-
permeability, open-graded asphalt-
stabilized drainage blanket can be construc-
ted to perform satisfactorily in the field. 
However, as found in the test track study  

and also in a full-scale experiment in 
Louisiana, an open-graded drainage blanket 
having an initial permeability greater than 
about 10,000 ft./day may result in an 
unstable material that could lead to 
excessive rutting. It should be emphasized 
that permeability alone does not indicate 
an unstable mix and that stable, high 
permeability mixes can be designed. These 
findings suggest that mixtures used in 
bases must have higher stability with, in 
some instances, a sacrifice in permeability 
compared with mixes used in drainage 
blankets located below a conventional 
pavement structure. 

Shoulder maintenance Practices 

Routine maintenance on a' paved - 
shoulder to keep the surface relatively 
smooth and prevent general structural 
deterioration should not be allowed to 
become excessive. Shoulders that exhibit 
significant amounts of deterioration 
probably should receive general rehabili-
tation or light re-construction as follows: 

Resealing the longitudinal joint. 
This type of shoulder improvement is a 
preventive type of maintenance which will 
minimize the water that gets beneath the 
pavement section. Sealants in longitudinal 
pavement-shoulder joints remain effective 
for approximately two to four years. 
Therefore, to prevent the intrusion of 
water through this joint, it is imperative 
that the joint be periodically maintained. 

wedge sections or seal coats. 
Shoulder settlement and surface cracking 
also frequently require field maintenance. 
Generally, this type of shoulder improve-
ment cannot be justified as a maintenance 
cost savings. The benefits are in 
providing a reliable, reasonably safe, 
and convenient shoulder for public use. 
It further reduces the possibility of 
damage claims against the transportation 
agency. 

This section of the report describes 
problems requiring maintenance together 
with selected practices currently' used to 
maintain the shoulder. 

Maintenance Sealing Practices. In 
Arizona, pavements experiencing problems 
at the longitudinal joints were being 
sealed with a mixture of 25% rubber and 
75% AR 1000 asphalt.. This maintenance 
sealing practice, which has been used only 
on existing shoulders, has cost about 
37/ft. for, joints 1/2-to 3/4-in, wide and 
3-in, deep. The joint is constructed by 
plowing (Fig. 20a) and then cleaning 
by blowing with air. This practice of 
sealing the longitudinal,-joint (Fig. 20b). 
had not been in use long enough to 
establish the merits of this approach. 

As a maintenance practice, California 
in many instances had been sealing the 
'longitudinal joint as early as one year 
after construction. A catalytically blown 
asphalt sealant was being used and cost 
approximately 5/ft. for the material. 
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The sealant is usually placed just before 
winter in the unsawed joint. Just prior to 
placing, the joint is blown out with air. 
The maximum effective life of this seal was 
estimated as two years. 

(a) Plowing the 	(b) Finished joint: 
joint, 	 rubber-asphalt seal, 

1 winLet (1 by 3-ifl. 

Figure 20. Maintenance sealing in Arizona. 

In Illinois, shoulder maintenance was 
being performed usually where a considerable 
difference in pavement-shoulder elevation 
existed or where extensive cracking was 
present. Maintenance practices, however, 
varied considerably with the district. 
Joints were usually sealed during 
maintenance with a 45 to 60 penetration 
grade hot mix asphalt filler. This asphalt 
filler was sometimes mixed with reclaimed 
rubber to form a rubber-asphalt sealant. 

In Minnesota, the longitudinal and 
transverse joints were beiuy LtaixILcjiIied on 
an irregular schedule with hot rubber-
asphalt (Fig.21). For new pavements, 
a thin coating of emulsion grade RS-1 and 
RS-2 or MS-2 asphalts was being used in New 
York on the fauu ji Llie PCC in an attempt 
to form a better bond with the asphaltic 
concrete shoulder. The longitudinal joint 
in existing pavements was being sealed with 
a 50 to 60 penetration grade asphalt mixed 
with 2 pounds of reclaimed rubber per 
gallon of asphalt. Addition of the 
reclaimed rubber reduced the tendency of 
the asphalt to become brittle in cold 
weather, or to soften and crack under 
traffic in hot weather. For both new or 
old construction all loose material was 
being removed before the joint was filled 
with the rubber-asphalt to a depth of 1/4 
in. below the surface. 

North Dakota also had been making a 
concerted effort to maintain an effective 
seal between the concrete pavement and the 
asphalt shoulders. In North Dakota, the 
joints were initially sawed and sealed with 
improved rubber asphalt. To maintain the 
joint, up to 150 gallons of liquid asphalt 
(MC/RC-250 or ?4C/RC-800) per mile had been 
used over a three-year period. The cost of  

this maintenance sealing operation was 
about 55/gal. 

In Texas, the longitudinal joint was 
being maintained as soon as the opening 
became more than about 1/4-in, wide. 
Usually an RC-250 or an asphalt emulsion 
was being used, but catalytically blown 
asphalts were also employed. Where 
catalytic asphalts were used, the joints 
were first routed and blown with air. The 
in place cost of sealing the joint with 
catalytically blown asphalts was reported 
to be 3'/ft. in 1975. 

(a) Sealed joint 3/4- (b) Sealed joint 3/4- 
x 1-in. (1-year 	x 1-in. (1-year 
old). 	 old). 

Fiyuie 21. Joints sealed with improved 
rubber asphalt in Minnesota. 

Formal sealing (or rescaliny) programs 
apparently had not been insLituted tc 
other states visited. 

(Jenera I5io: i 	 . 	Several 
of the states visited had made extensive 
use of wedge patches and seal coats to 
repair shoulder distress such as settlement 
or cracking. Some states removed 2-ft. 
sections of the shoulder nearest the 
joint and repaved this area with new 
asphalt concrete. 

(eorgia had no tormally planned pro-
gram for maintaining the shoulder joint at 
the time of the visit. Where deterioration 
was severe, the shoulder was trenched and 
patched with an asphaltic mixture (Fig. 22a). 
mis practice, however, had not proven to 
be a complete solution since deterioration 
in some instances was occurring in the 
patches. In older sections, transverse 
drains were being provided in narrow 
trenches leading from the transverse joint 
to the edge of the shoulder (Fig. 221)) 
These trenches were being backfilled with 
an open-graded stone, and in some instances 
PVC pipe was being installed 6 in. below 
the base. This remedial work has not been 
completely effective in eliminating the 
problem. 

Illinois had been using a cold-mix 
patch in moderately cracked areas of the 
shoulder. Michigan, Minnesota, and Texas 
all made use of wedge patches (Fig. 22c) 
to form a smooth transition from the pave-
ment to the shoulder which often is as 
much as 1 to 1-1/2 in. lower. 

Typically, Now York had applied a 
surface treatment to the shoulder every 
four years. The cost of the single surface 
treatment was reported to be 15 to 17/yd2. 
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Texas also had used a seal coat for mainte-
nance at a reported cost of about 15/yd2. 

(a) Trenched cii 
shoulder, Georgia.  

'c.  

(b) Transverse under- (c) Wedge maintenance 
drains, Georgia. 	patch used in 

innesota. 

Figure 22. Maintenance practices. 

Currcnt ?eurin 

Sixteen state transportation agencies 
were found to be conducting research related 
to pavement-shoulder performance. The type 
of research being conducted by these states 

S SutflhTiarlZCd in Table 11, which shows that 
a significant amount of the research 
presently being conducted involves portland 
Concrete pavements. The most significant 
research has already been discussed in 
praious sections. Selected additional 
research studies which are in the initial 
stages are summarized belcw. 

California had recently installed a 
1,000 ft. section of polyvinyl chloride 
slotted pipe (Fig. 23) at the longitudinal 
joint just above the cement treated base 
[37). The pipe is 1-1/2 in. in diameter 
with 0.01-in, wide slots, with the cost of 
the installed pipe being $1.25/ft. 1 371. 
Laterals were placed out to the side of the 
shoulder every 100 ft. Measurements made 
during and after a moderate rain showed a 
peak rate of flow from the laterals as 
great as 124 gal./hr. The discharge 
stopped after a maximum time of two hours. 

Illinois was continuing to study 
cement-aggregate, bituminous-aggregate, and 
pozzolan-acjgregate base course mixtures. 

Also under way was a continuing evaluation 
of portland cement concrete shoulders, a 
joint sealant study, and a study of the 
effect of underdrains on shoulder perfor-
mance. The subsurface drainage study 
consisted of an evaluation of daylighted 
subbases and longitudinal pipe drains. 

(a) Trenching 	(b) Backfilling 

Figure 23. Construction of longitudinal 
drain in existing pavement in California. 

Michigan was conducting a laboratory 
study of the permeability of subbase 
material. The permeameter described by 
Laliberti and Corey [341 has been found to 
give reliable results for base materials. 

Pennsylvania had installed an 
experimental drainage layer recently, that 
was similar to that recommended by 
Ccdergren et al. [26].  The aggregate 
gradation used consists of 100% passing the 
1-1/2-in, sieve and 0 to 5% passing the 
No. S. An asphalt content of approximately 
3% was used. 

Structural Design Study 

Structural shoulder pavement designs 
have gradually developed more through 
experience than from rational pavement 
desiyn analyses. Apparently only Califor-
nia uses a formal design procedure for 
shoulders [38). In California, shoulder 
sections are designed for 1% of the 
mainline Traffic Index (TI) with a minimum 
TI of 5 which corresponds to approximately 
10 equivalent 18-kip axle loads. The 
number of equivalent lO-kip axle loads was 
taken in this study to be equal to 
(W/10)42  where w is the axle loading in 
kips. Results of a preliminary study in 
Georgia [39) on the encroachment of main-
line truck traffic onto the shoulder have 
Shown that 1% encroachment is low for at 
least some traffic flow conditions. The 
Georgia study indicates that for free flow 
traffic conditions in at least rural areas 
of the south the inside edge of the 
shoulder in the absence of additional data 
should be designed for at least 2 to 2.5% 
of the truck traffic (Appendix B). 

The purpose of the study presented in 
this section was to determine from the 
AASHO Interim Guide [401 shoulder sections 
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Table 11. Reported research being pursued. 

Experimental Section 
Joint 

Sealing 

Base Studies Drainage 
 Performance 

Evaluation AC PCC Pvmt., Shou. Surf. Sub. 

Alabama x 

Arkansas x 

California x 

Connecticut X 

Georgia x x 
Illinois x x x x x 
Iowa x 

Kentucky x x x 
Louisiana x x x 
Michigan x x 
Minnesota x x x 
New York 

North Carolina x 

North Dakota x x 

Pennsylvania x 

West Virginia x 

Wyoming x 

that should adequately support the expected 
traffic. The AASHO Interim Guide procedure 
was used for illustrative purposes only. 
Both asphalt and portland cement concrete 
shoulder designs were developed for 1, 2.5 
and 5% shoulder encroachment. The resulting 
designs were compared with sections current-
ly in use throughout the United States. The 
AASHO equations were developed for mainline 
pavement design. These equations show that, 
when designed for expected truck encroach-
ments, shoulder sections are obtained 
similar to those found to be required by 
field experience. Design methods developed 
for the mainline pavement should only be 
used until suitable procedures are available 
for the shoulder. 

Asphaltic Concrete Shoulder' Desipn 

The required structural number, SN, of 
the shoulder section was calculated using 
the following AASHO Interim Guide equation 
for flexible pavements: 

log Wt18= 9.36  log (+ 1) - 0.20 

Gt 	 I 
log 1  

L0.40  + 	

1094 

 (SN  

where 

= 	Number of equivalent 18-kip 
axle loads 

SN = 	Structural Number 

Gt 
4.2-nt = 	log 	
4.2- l.s 

R = 	Regional Factor 

SS = 	Soil Support 

= Terminal Serviceability Index 

A computer solution of Eq. 1 was used 
for the variables given in Table 12 for 
terminal serviceability indices of 2.5 and 
3.0. To illustrate the structural 
sections required by Lhe AASHO Interim 
Guide equation for flexible shoulders, 
three alternative sections were studied. 
For the conventional asphaltic concrete 
shoulder section, the thickness of the 
asphaltic concrete surface was fixed at 
3 in.; for cement-treated base sections, 
the asphaltic surface was fixed at 2 in.; 
and cement-treated base thicknesses were 
fixed at 6 in. The full-depth asphaltic 
concrete sections had a surface-course 
thickness of 3 in. The calculated thick-
nesses of the remaining layers were 
determined using the AASHO Interim Guide 
equation given below and are summarized in 
Table 13: 

+ 0.372 (SS. 
1 
- 3.0) 	 (1) 	 SN = a1D1 +a2D2 +a3D3 	 (2) 
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where 

SN = Structural Number 

a1,a2,a3 	Layer coefficients 

D11D2,D3  = Layer thickness 

Consider, for example, the results given in 
Table 13 for a mainline design-traffic of 
4 x 106 equivalent 18-kip single-axle 
loads and a 2.5% truck usage of the inside 
edge of the shoulder. For these design 
conditions, a 3-in. asphaltic concrete 
surfacing and a 5-1/2-in, asphalt treated 
base would be required. The theoretically 
equivalent aggregate and cement-treated 
basesections from the AASHO Interim Guide 
procedure are also given in Table 13 and 
could be used as alternate designs. 

Table 12. Structural numbers for flexible 
pavements for terminal serviceability 
indices of 2.5 and 3.0. 

\ 	0.5 1.0 5.0 

3 5 	1  10 3 5 10 3 	5 	I 	10 

4.69 3.31 1.45 6.06 4.61 1.95 6 	2.5 	4.11 	2.86 	1.27 
10 	3.0 	5.56 	3.50 	1.28 6.25 4.45 1.47 7.84 6.15 2.02 

	

2.5 	2.54 
10 

	

3.0 	2.85 

1.84 

1.90 

.76 

.76 

2.92 

3.64 

2.09 

2.20 

.90 

.90 

4.11 

5.56 

2.85 

3.50 

1.27 

1.28 

2.5 	1.65 1.18 .38 1.88 1.36 .48 2.54 1.84 .76 

3.0 	1.68 1.20 .38 1.94 1.38 .48 2.54 1.90 .76 

2.5 	1.05 .70 1.21 .83 .16 1.65 1.19 .38 
10 

3.0 	1.01 .70 1.22 .38 .16 1.69 1.20 .38 

3d 
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The 8-1/2 in, full-depth asphalt concrete 
shoulder section required for a mainline 
traffic of 4 x 106 axle loadings compares 
favorably with the shoulder designs now 
used by Illinois, North Dakota, Texas and 
Louisiana which were gradually developed 
through field experience. For higher 
design traffic values, shoulder sections 
stronger than presently used would be 
required as also illustrated in Table 13. 

Portland Cement Concrete Shoulders 

- The design thicknesses for portland 
cement concrete shoulders obtained using 
the AASHO Interim Guide rigid equations 
are shown in Table 14 for the indicated 
range of variables and a terminal 
serviceability index of 2.5. The AASHO 
rigid pavement equation was solved using a 
computer and is as follows: 

log W18= 7.35 log (D+l) -0.06 

Gt  
+ 

1.624 x 10 

[ 

+ 	(4.22-0.32 P t  ) 

log(_

T1_

Sc 	) (D0.75 - 1.1321 
5.63J D°'75 - l8.42)j 	

(3) 

where 

= Number of equivalent 18-kip 
axle loads 

D 	= Slab thickness (inches) 

- 4.5 - nt 
Gt 	log (4-5]5) 

= Terminal Serviceability Index 

Sc 	
= Modulus of rupture (psi) 

z 	=E/k 

E 	= Youngs modulus 

J 	= Load transfer coefficient 
(3.2 for protected corner) 

k 	= Modulus of subgrade reaction 
(psi/in. 

The concrete slab is assumed to be 
supported either directly on a subgrade 
having a Winkler subgrade modulus of 60 
pci or on a 6-in, high quality subbase 
with an overall effective Winkler subgrade 
modulus of 400 pci. For an average 
flexural concrete strength of 690 psi, the 
variation in slab thicknesg required as a 
function of the Winkler subgrade modulus, 
k, and number of wheel-load applications 
is shown in Figure 24. 	 - 

Table 15 summarizes the required 
shoulder thickness obtained using Eq. 3 
with and without a 6-in, thick high 
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quality subbase. From this table a 7-1/2-
in. thick slab is required when placed 
directly on the subgrade and a 6-in, slab is 
required with a 6-in, high quality subbase. 
These designs are for mainline traffic of 
4 x 10 axle loadings and a shoulder 
encroachment of 2.5%. These theoretically 
required slab thicknesses are quite similar 
to sections presently used by many states 
as shown in Table 3. 

0.. 0. 

0' 	0 

I 	I 	 I 
CONCRETE MODULUS OF ELASTICITY 	• 42 X 100 psi 

TERMINAL SERVICEABILITY INDEX = 2.5 
FLEXURAL STRENGTH 	 = 090 psi 

. 	- 
- 

- 

109 	200 	 300 	 400 	 500 
SUBGRAOE MODULUS, S (pci) 

Figure 24. Variations in slab thickness 
with subgrade modulus and number of load 
repetitions. 

Table 15. Required concrete shoulder 
thickness with and without a 6-in, subbase. 

Shoulder 
Traffic 
No. 

Equivalent 
Mainline 

Traffic No. 

Shoulder Slab 

On Subgrade 

Thickness 	(in.) 

On Subbase 

1x107 	(1%) 

lxlO 5 4x106  
(2-1/2%) - 

2x106 	(5%) 

lxlO8 	(1%) 

1 x106 4 x  107 7-1/2 . 	6" 

2 x 10 	(5%) 

Notes: 1. Terminal Serviceability Index, P = 2.5. 
2. Modulus of Elasticity of Concret, 

E = 4.2 x 106  psi. 
- 	3. Flexural Concrete Strength, f L=690 psi. 

Joint Movements 

The performance of a sealed longitudin-
al pavement-shoulder joint is directly 
related to the magnitude of both the cyclic 
and permanent movements which occur at the 
joint [20,25,58,59]. This section 
summarizes the significant results of the 
field measurements made to determine 
magnitudes of cyclic movements which occur 
at the longitudinal joint in both Georgia 
and Michigan. The following components of 
relative movement were measured: 

Transverse movement1  (TPS) perpendi-
cular to the pavement edge;' 

Longitudinal movement (LPs) parallel 
to the pavement edge; 

Vertical movement (VPS); and 
Rotational movement (RPS) between 

the concrete slab and shoulder (perpendicu-
lar to the longitudinal joint). 

All measurements of movement (except 
on 1-95 in Georgia) were made on older 
pavement sections after several years of 
service. Therefore, these measurements are 
primarily of short- and long-term cyclic 
movements duo largely to temperature and 
moisture changes. Movements due to factors 
such as densification of unstabilized 
materiaLs and consolidaLioii of soft, 
compressible soils underlying embankment 
fills are considered elsewhere in the 
report. The observed cyclic joint move-
ments, together with developed theoretical 
models for predicting movements, are 
described in detail in Appendix C. A 
summary of the predicted and measured joint 
movements together with the coefficients of 
variation are given in Table 16. 

For estimating maximum joint move-
ments, the assumption can be made that the 
design cyclic movement will not be exceeded 
more than approximately 3% of the time. 
This movement corresponds to a variation of 
two standard deviations, 20, from the 
average value of movement and can be 
calculated by the following expression: 
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Table 16. Comparison of measured and predicted longitudinal pavement-shoulder joint 
movements. 

Range 
in 

Varia- Coeff.** 

tion,AT measured Predicted Varia- Best 
State Movement Temp. Movement 	(in.) Movement*(in.) tion Estimate 

Avg. Max. Mm. Avg. Max. Mm. Component (°F) D for D 

Trans- 55 0.5 to 0.06 to 0 to 0.8 .152 -.152 56 to 60 
verse .10 .14 0.03 500 

Georgia 
Longi- 55 0.3 to .05 to 0 to 0.8 .24 -.08 100 to 

500 
100 

tudinal .07 .13 .01 

.06 to 0.1to Oto 80 to 150 Vertical 55 0.1 0.7 0.04 - - - 420 

Trans- 100 
.08 to .14 .278 -.028 

33 to 60 
verse .11 - - 86 

Michigan longi- 
tudinal 

100 .06 to - - .187 .56 -.18 66 	to 100 
.24 106 

Vertical 100 
).O9to 
035 - - - - 	

. 
- 

58 to 
160 

125 

predicted maximum and minimum movements based on best estimated value of coefficient 
of variation. 

** 
Average coefficient of variation for all points at a given site. 

x 	= 	 S 	 (4) 
max 	100 

where X is the average value of movement 
and D is the coefficient of variation in 
percent. Either the average measured 
movement or the theoretical movement could 
be used in the above expression. 

Movements at the longitudinal joint 
were theoretically predicted in Appendix C. 
using the coefficients of expansion of the 
materials involved. Friction was assumed 
not to act on the bottom of the slabs. 
Since the measured maximum movements were 
generally less than the theoretically 
predicted ones (refer to Table 16) , as an 
engineering approximation the maximum 
expected movements can be estimated using 
an appropriate value of the coefficient of 
variation in Eq. 4. 

Long-Term Cgclic Movements 

In Georgia, the average value for the 
coefficient of variation for transverse 
movemegit at the longitudinal pavement-
shoulder joint ranged from 56 to 500% while 
in Michigan they varied from 33 to 86%. 
The Georgia and Michigan measurements of 
transverse joint movement indicate a typi-
cal coefficient of variation suitable for 

	

design of approximately 60%. 	This 
typical value is higher than the 10 to 43% 
range in the coefficient of variation found 
in Minnesota [48] and Ohio [53] for 

transverse joint movements of the mainline 
pavement. 

Using a coefficient of variation of 
60% and the average theoretical values of 
movement (Fig. C-5, Appendix C), the maxi-
mum theoretical transverse movement at the 
longitudinal pavement-shoulder joint in 
Georgia would be 0.15 in. This value 
compares favorably with the maximum measur-
ed value of 0.14 in. In Michigan, the 
theoretical value of maximum transverse 
movement is 0.28 in. as compared with 
0.23 in. calculated using the maximum 
average measured value and a coefficient of 
variation of 60%. 

Average coefficients of variation for 
longitudinal pavement-shoulder joint move-
ment in Georgia ranged from approximately 
100 to 500% while in Michigan they ranged 
from 66 to 106%. Based on the field 
measurements, a coefficient of variation on 
the order of 100% appears to be reasonable 
for pavement-shoulder joint cyclic longi-
tudinal movement. Using a coefficient of 
variation of 100%, the maximum expected 
theoretical movement in Georgia using 
Eq. 4 and the results given in FigureC-7 
would be 0.24 in. as compared to a maximum 
measured value of 0.13 in. Similar results 
were also obtained for Michigan. The 
predicted results using a coefficient of 
variation of 100% are probably too large 
because of the influence of subgrade 
friction. The effect of subgrade friction 
in the longitudinal direction is apparently 
considerably greater than in the transverse 
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direction. Therefore, the presence of sub-
grade friction tends to give measured values 
of movement less than the theoretical values 
which neglect friction. The measured 
movements also tend to have a greater 
coefficient of variation since some slabs 
experience less restraint to movement than 
others. 

The measured vertical movements at the 
pavement-shoulder joint due to non-load 
associated factors are given in Table 16. 
Because of the difficulties in developing a 
simplified theoretical model, no theoreti-
cal predictions were made. Average 
vertical movements in Georgia varied from 
0.06 to 0.1 in. and in Michigan from 0.09 
to 0.35 in. Measured movements were quite 
erratic, with the coefficient of variation 
in Georgia ranging from 80 to 420% and in 
Michigan from 58 to 160%. A design value of 
approximately 100 to 150% would appear to be 
reasonable. Unusually large vertical move-
ments occurred along 1-95 in Georgia due to 
scttlment of the compressible organic soil 
underlying the highway fill. 

Rotational movements, evidently caused 
primarily by warping of the PCC slab, are 
summarized in Tables C-15 and C-16 of 
Appendix C. All rotational movements are 
expressed in terms of percent slope. 
Although the rotational movements are 
relatively small, these movements together 
with the Vertical movements could cause 
tearing of a sealant. 

Short-Term Cyclic Movements 

The longitudinal, vertical, and trans-
verse movements of both the longitudinal 
pavement-shoulder joint and at an adjacent 
transverse PCC joint near the edge were 
measured along 1-20 in Georgia every 3 
hours during a 24-hour period. A compari-
son between the short- and long-term 
movements is given in Table 17. Because of 
the relatively few 24-hour movements 
measured, the maximum short-term values 
should probably be compared with the average 
long-term movements. Using this basis for 
comparison, the maximum short-term longi-
tudinal movements are approximately as large 
as the average long-term movements. For the 
limited short-term measurements made, the 
average long-term transverse and vertical 
movements were about 2-1/2 times the maximum 
short-term values. 

Discussion 

Temperature variation in Georgia during 
the measurement geriod was found to be 
approximately 55 F while in Michigan the 
variation was 1000F. Despite the larger 
temperature variation in Michigan, the 
maximum longitudinal and transverse move-
ments were about the same. Coefficients of 
variation from 50 to as much as 500% were 
measured for the longitudinal pavement-
shoulder joint movements. These large 
coefficients include the effect of such 
factors as subgrade friction, temperature 
and moisture variations, and the effective 
cracked slab length of both the portland 
cement concrete pavement and asphaltic  

concrete shoulder. 
Non load-associated average transverse 

and longitudinal pavement-shoulder joint 
movements can be theoretically estimated 
for design purposes, using Figure C-5 and 
C-7 in Appendix C. Field measurements 
would have to be used to determine vertical 
movements. Estimated maximum non-load 
movements should then be calculated using 
Eq. 4 with coefficients of variation of 
60, 100 and 125%, respectively for the 
transverse, longitudinal and vertical com-
ponents of movement. The calculated and 
measured movements are cyclic and are 
caused primarily by temperature and moisture 
changes. Traffic induced movements and 
long-term irrecoverable movements must also 
be considered in designing a sealed longi-
tudinal joint. 

Table 17. Comparison between long-term 
and 24-hour cyclic movements. 

M 	e - I.oxg-Tero Cyclic 
Moveme tjj 

24-Hoxr 
Cyclic 

Movement 	(in.) 
Avg. Max. Avg. Max. 

Longitudinal .03 to .07 0.05 to .13 0.02 to 0.04 0.05 to 0.09 

Transverse .05 to .10 0.06 to .14 0.01 to 0.02 0.015 to 0.04 

Vertical .06to.10 0.10 0.03to0.07 0.05to0.25 

The vertical and longitudinal pavement-
shoulder joint movement was found under some 
conditions to be dependent upon whether the 
measurement was made at a transverse joint 
or at a mid-slab location (Fig. 25). 
Transverse movements of the longitudinal 
joint were found not to be appreciably 
affected by measurement location for the 
limited measurements made. 

Some differences were noted on 1-85 
in Georgia with and without dowels in 
transverse mainline pavement joints (Fig. 
26). Rotational movements were found to 
be slightly smaller for sections having 
dowels. 

Longitudinal pavement-shoulder joint 
cyclic movements in Michigan on 1-69 were 
similar for the following flexible shoulder 
sections: (1) a seal coat overlying a 6-in. 
asphalt-stabilized soil-aggregate base, 
(2) 1-1/2 in. of asphaltic concrete over-
lying 4-1/2 in. of asphalt stabilized soil-
aggregate base; and (3) 1-1/2-in. asphaltic 
concrete surface over a 7-1/2-in, thick 
aggregate base. All sections were placed 
on a 10-in, sand subbase. 

The field study of movements at the 
longitudinal pavement-shoulder joint 
indicates that this joint is subjected to 
three distinct modes of movement: (1) a 
24-hour movement cycle, (2) a yearly 
movement cycle, and (3) a long-term 
permanent movement. The cyclic vertical 
joint movement was found to be larger than 
either the longitudinal or transverse 
cyclic movement. Furthermore, a sealant is 
not subjected to a single cycle of movement  
each year-but is actually subjected to a 
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combination of both shear and extension 
movement each day throughout the life of 
the sealant. The vertical and longitudinal 
daily cyclic joint movements appeared, for 
the limited data and the range of variables 
studied, to be almost as great as the 
average long-term movements. Daily trans-
verse movements appear to be significantly 
less than the long-term cyclic transverse 
mo

'

vements. 
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of movement: (1) a cyclic shear movement; 
(2) a cyclic shear movement superimposed 
upon a consant extension, and (3) a cyclic 
shear and an extension-compression movement 
applied simultaneously. From a practical 
viewpoint probably either deformation 
condition (1) or (2) should be used in 
future studies of the performance of seal-
ants to be used in longitudinal pavement-
shoulder joints. 
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Figure 25. Measured joint movement on 
Michigan Route7 14. 

Therefore, a sealant having a four-
year life would be subjected to as many as 
200 to 600 effective movement cycles; thus, 
the actual repetitions would be consider-
ably greater than thefive cycles presently 
used in evaluating bond strength. To 
simulate more closely the deformation 
conditions observed in the field, the move-
ment applied to laboratory test specimens 
should consist of one of the following types 

(c) Average longitudinal movement. 

Figure 26. Measured movements on Georgia 
1-95. 

Sealants 

An important part of the distress 
experienced at the longitudinal joint 
between the portland -cement concrete 
pavement and the asphaltic concrete shoulder 
is undoubtedly related to water that 
infiltrates beneath the pavement and 
shoulder through the joint. An obvious 
assumption is that an adequately sealed 
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joint should do much to relieve at least 
some types of problems experienced in the 
vicinity of the joint. For a sealant to 
maintain a reasonably water-tight joint for 
an acceptable length of time, it should 
have the ability to resist both adhesive 
-tiLd eolioslve type failures caused by both 
the cyclic and long-term movements at the 
joint. The sealant should resist deteriora-
tion due to environmental factors such as 
temperature, ultraviolet light, moisture, 
humidity, and chemicals such as deicing 
salts. The sealant should also have the 
ability to approximately return to its 
original shape after being deformed. 

For most applications, a sealant should 
remain hard enough at high service tempera-
tures to resist the intrusion of foreign 
material into the joint. flowever, in 
longitudinal pavement-shoulder joints 1 in. 
or more in width, field observations indi-
cate intrusion of foreign material does not 
appear to cause a serious problem, even 
when softer sealants are used. Of course, 
economics is an important factor in the 
final selection of a sealant. 

In recent years many new liquid type 
sealants have been developed such as the 
polyurethanes, polysulfides and polyvinyl 
chlorides. It should be noted that within 
each class of sealant the material proper-
ties can vary greatly due, for example, to 
the use of different types and amounts of 
adciitiv.s, 1-ho prar's- I r'c of cross liikly, 
and the use of different plasticizers. 
FuiLhtiuore, the sealant industry quite 
logically develops sealants to pass the 
standard material specifications of various 
government agencies. Material specifica-
tions have been developed by some agencies 
rouliuiiy Llic icalant to pa 	bond LsLs 
which subject unweathered specimens to 
extensions much larger than actually occur 
in the field. As a result, the sealant 
industry may place too much emphasis on 
developing sealants that can withstanci large 
smounte of c:tcnoion, arid not euuuy1i 
emphasis on resistance to environmental 
factors. This statement is partly sub-
stantiated by the observation that, although 
many of the present sealants have excellent 
laboratory bond characteristics, they often 
fail in the field after one to two years. 
Undoubtedly, field experiments are the 
best method for evaluating the performance 
of sealants. To install and monitor 
properly L1it VuLfutmaiice of all possible 
variations of each sealant type in the 
field test sections would be practically 
impossible. Therefore, appropriate 
laboratory tests are needed which are 
realistic and give an indication of at 
least the relative field performance of the 
different sealants. 

This section summarizes the signifi-
cant findings of laboratory tests performed 
on four commercial sealants. The general 
type sealants tested were as follows: 
regular and improved rubber asphalt, poly-
vinyl chloride, and polyurethane. The 
sealant tests were performed to develop 
procedures for evaluating potential 
performance in the field. It should be 
emphasized that different commercial seal-
ants having the same general name (such as 
for example a polyvinyl chloride) can  

exhibit greatly varying properties due to 
differences in the ingredients in the com-
pound and how they have been combined. The 
reported comparisons of sealant performance 
should be considered valid, therefore, for 
only the specific commercial sealants 
tested. The tests performed include five-
cycle bond tests at 50 and 100% extension, 
and also a specially desicjned incremental 
stress relaxation test and a cyclic 
environmental test. A more detailed de-
scription of the testing procedures, 
sealants tested, and test results is given 
in Appendix D. 

Liue-Cyc7.e Bond Tears 

Five-cycle bond tests were performed 
at 00

F using the apparatus shown in Figure 
27. Most of the tests were performed at 
100% extension. Several state highway and 
transportation organizations have been 
using the more stringent 100% extension 
test in an attempt to eliminate the poorer 
performing sealants. For the sealants 
tested and specimen sizes used, size was 
found not to have an observable effect on 
sealant performance. Specimens 1 x 2 x 2 in. 
1/2 x 2 x 2 in. and 1/2 x 1/2 x 2 in. were 
extended in this test series in the 
direction of the smaller dimension. 

LOADING YOKE 

Figure 27. Bond test apparatus with cycling 
capacity. 

If the longitudinal pavement-shoulder 
joint is sealed, the sealant must adhere to 
both the portland cement concrete and 
asphaltic concrete faces. To simulate this 
condition, five-cycle bond tests were 
performed using a portland cement concrete 
block on one side of the specimen and an 
asphaltic concrete block on the other. The 
"regular and "improved" rubber-asphalt 
sealants tested failed in adhesion at the 
face of the concrete blocks. As a ronilt-, 
use of an asphaltic concrete block did not 
affect the performance of these sealants. 
By contrast, the "polyurethane" and 
"polyvinyl chloride" sealants tested failed 
in adhesion to the asphaltic concrete block. 
Although the polyurethane sealant passed 
the five-cycle bond test, this material 
failed in adhesion to the asphalt concrete 
block when extended to failure at 200% 
extension as compared with 400% for portland 
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cement concrete blocks. The riolyvinyl 
chloride failed in the first or second 100% 
extension bond cycle using either type 
block, and hence an indication was not 
obtained of the effect of asphaltic concrete 
blocks. 

The limited test results using 
asphaltic concrete blocks indicated that the 
use of harder asphalts (AC-40 viscosity 
grade asphalt instead of AC-20) and finer 
aggregate (3/4-in, maximum size stone 
rather than 1-1/2-in, stone) may result in 
better sealant performance at least in the 
laboratory. 

Five-cycle bond tests were performed 
on regular rubber-asphalt, improved rubbor-
asphalt and polyvinyl chloride specimens 
poured at 400F above and below the manu-
facturer s recommended pouring temperatures. 
These tests were performed to determine the 
effect in the field of variations in pour-
ing temperatures from the recommended value. 
The bond tests were performed at 00F. The 
results of these tests, which were per-
formed on a limited number of specimens, 
indicated that the bond strengths of the 
sealants tested tended to be adversely 
influenced when the sealants were poured at 
a temperature below the recommended value. 
If the sealant is too viscous to pour 
properly in the field, poor contact at the 
interface could cause a weak or non-
existent bond. On the other hand, the 
polyvinyl chloride and regular rubber-
asphalt sealants appeared, based on labora-
tory bond-test results, to develop better 
bond strength when poured at temperatures 
higher than the recommended values. The 
influence of pouring temperature on 
performance would be greatly dependent, of 
course, upon the constituents of each 
sealant and could vary appreciably. Cau-
tion should be exercised not to overheat 
the sealant since damage can occur to the 
constituents. 

The field measurement studies showed 
the vertical movement at the longitudinal 
joint to be usually as large as, or larger 
than, the transverse movement. This 
vertical movement can cause important shear 
deformations in the sealant, in addition to 
the tension caused by the transverse open-
ing of the joint. To investigate the 
influence of shear deformation, a special 
five-cycle bond test was performed which 
subjected the sealants to a cyclic 100% 
shear deformation in addition to a constant 
extension of 40%. These test results 
indicate that the 1001. shear bond test is 
apparently not as severe as the 100% 
extension bond test for at least the 
polyvinyl chloride" and the "regular-

asphalt" sealants. Since failure was not 
induced in the "polyurethane" and "improved 
rubber-asphalt" sealants for either the 
shear or extension five-cycle bond tests, a 
definite conclusion cannot be reached 
concerning these sealants. However, the 
shear and extension bond tests apparently 
are not significantly different because the 
polyurethane and improved rubber-asphalt 
specimens both passed the 100% bond test. 
The preliminary results of this test 
series indicates that the extension bond 
test as presently performed can be used to 
evaluate the bond properties of sealants 

(not including the effects of weathering) to 
be used in the longitudinal pavement-
shoulder joint. 

1 few fivC-yLle bond tcstn were per-
formed on concrete blocks which were not 
cleaned after sawing, and on blocks which 
were soaked in water before pouring the 
specimen. Tests were also performed at 
extension rates of 1/8, 1/4 and 1/2 in./ 
ruin. For the sealants tested and the 
conditions of the laboratory tests, no 
significant effect of these test variables 
was observed in the limited number of tests 
conducted. 

Incremental Stress-Relaxation Tests 

Incremental stress-relaxation tests 
were performed on both unweathered and 
artificially weathered specimens to 
simulate relatively large movements which 
frequently occur at the longitudinal joint. 
The method of weathering, test apparatus 
and test results (Table D-9) are given in 
Appendix B. The test consisted of rapidly 
applying 10 or 20% tensile deformation 
increments every 12 or 24 hours, 
respectively until failure occured in the 
sealant. 

The rapid application of successive 
increments of a tensile deformation of 
either 10 or 20% to a sealant at 0°' was 
round vo be a very severe condi tion of 
ioadin(J. All sealants failed in a brittle 
manner as the specimen was being extended 
at elongations considerably smaller than 
those causing failure in the five-cycle 
bond test. Several of the sealants failed 
in cohesion. The regular rubber-asphalt 
and polyvinyl chloride sealants failed at 
elongations of only 10 to 20% (Fig. 28). 

Figure 28. Brittle failure of polyvinyl 
chloride sealant in incremental relaxation 
tests: 10 to 20% increment. 

These experimental results are significant 
because sealants in the field frequently 
fail at extensions in the range of 20 to 
30% in both the adhesive and cohesive 
failure modes [72,76,771. Cohesion 
failures were not observed during the 
laboratory bond tests, and several of the 
state transportation organizations 
indicated cohesion failures were either 
very rare or non-existent in the five-
cycle bond test performed at 00F. 

The significant difference in perfor-
mance observed in going from the five-
cycle bond test performed at a relatively 
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slow extension rate to the incremental 
stress relaxation test which subjects the 
sealant to an almost instantaneous extension 
indicated that large variations in the 
rate of deformation are important. The 
specific effect, however, depended on the 
type ana composition ot the sealant. 

The incremental sLrea, iulaxaLiun Lwst 
results indicated the significant fact that 
a relatively small amount of sudden movement 
could account for at least some of the 
adhesive and cohesive sealant failures 
observed in the field. Relative movements 
of the magnitude found to cause failure in 
the laboratory in the regular rubber-
asphalt and polyvinyl chloride sealants are 
in the range of those induced at the longi-
tudinal pavement-shoulder joint by the 
passage of a heavy vehicle along the edge 
of the shoulder, or by the observed jerky 
movements of the pavement slab. These 
tests also indicated that a relatively 
small amount of weathering can have a very 
significant influence on performance when 
subjected to sudden movements. 

Environmental Cyclic Bond Tests 

A sealant installed in a longitudinal 
pavement-shoulder joint was subjected to 
both daily and seasonal movement cycles in 
addition to long-term movements. The 
m.gni t-iid 	of hv iiLauLUU cyclic lorigi 
tudinal joint movements vary greatly but 
can be as large as the following values: 
vertical movement of 0.26 in. (or even more), 
transverse movements of 0.14 in., and 
longitudinal movements of 0.13 in. 0Daily 
temperatures can vary as much as 50 F and 
seasonal temperatures as much as 1100F or 
more. To simulate these environmental 
conditions as closely as practical, a 
series of three environmental cyclic 
laboratory bond tests were performed on 
artificially weathered specimens. The 
cyclic test as developed consisted of 
repeatedly cycling the specimens to an 
extension of 65% and compression of 25%. 
During the 12-hour extension-compression 
cycle the temperature of the environmental 
chamber is varied between 110°F and -100F. 
A constant humidity of 95% is maintained 
above 400F. 

For a maximum strain of 65% and a 
relatively small amount of weathering, the 
number of cycles to failure varied greatly 
from a minimum of 12 cycles for the regular 
rubber-asphalt and polyvinyl chloride 
specimens to more than 150 cycles for the 
polyurethane sealant. Furthermore, more 
realistic type failures such as loss-of-
recovery and a ropy appearing surface 
developed in the rubber-asphalt sealants 
(Figs. 29 and 30). 

Drainage Considerations 

For many years, highway engineers have 
realized the importance of limiting the 
amount of water entering the pavement 
structure. Cedergren and Godfrey [30] have 
concluded recently that from 80 to 90% of 
the major premature failures in pavements 
were attributable primarily to the presence  

of excess water. Furthermore, evidence was 
presented indicating that when free water 
is present, each wheel-load repetition can 
cause at least 40 times and possibly 
considerably more structural damage than 
would occur when the pavement is in a 
relatively dry condition. 

Figure 29. Recovery loss of improved 
rubber asphalt in cyclic test: zero 
extension. 

Figure 30. Surface deterioration of 
regular rubber asphalt in cyclic test: 
full extension. 

In the past, structural distress of 
pavements due to water has been attributed 
usually to the presence of subsurface water. 
Although subsurface water is indeed 
frequently the source of the problem, a 
recent study by Cedergren, O'Brien, and 
Arman (26] found that infiltration of 
surface water into the pavement structure 
can be just as important as subsurface 
water. Cedergren et al. studied the prob-
able causes of premature structural 
distress at eight selected locations in 
different states. At seven of these sites, 
the presence of excess water was found to 
be the cause of the premature structural 
distress. Since all eight sites were 
located on fills, surface infiltration 
must have been the primary source of the 
water. Water entering a pavement through 
the surface has a tendency to move down 
longitudinal grades beneath the pavement to 
a low point. Since the test sites were 
located in the middle or lower portion of 
the longitudinal grade, the source of water 
probably extended some distance upgrade 
from the actual distressed area. 

Infiltration of Surface Water Into the 
Pavement Strocture 

Surface water can get into and below 
the pavement through transverse joints, 
random cracks and through the longitudinal 
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pavement-shoulder joint. ','later can also 
penetrate the shoulder at cracks and the 
outside edges. Field observations during 
the site inspections indicate that an open 
joint has a large capacity for accepting 
surface water at the beginning of a rain-
fall. Experiments conducted at the 
University of Maryland and reported by 
Cedergren ot al. [26) confirm this observa-
tion. These tests show that from 70 to 97% 
of the rainfall can enter open joints 
between 0.035 and 0.125 in. in width for 
slopes varying between 1.25 and 3.75% when 
an unfilled reservoir exists beneath the 
joint. Therefore, at the beginning of a 
rainfall on a poorly sealed pavement, a 
high percent of the water falling on the 
pavement surface can be expected to enter 
the cracks and joints. Eventually, the 
cracks in the pavement and the pores of 
granular material immediately beneath the 
pavement will become filled with water. 
By this time the amount of water running off 
the pavement will have significantly 
increased, and the infiltration into and 
below the pavement will become dependent 
upon the rate at which water flows through 
the base, subbase and subgrade. 

Infiltration tests (Fig. 31) were 
conducted at two locations (designated A 
and B) on 1-85 approximately 25 miles 
southwest of Atlanta, Georgia, to obtain an 
indication of the percentage of infiltra-
tion of surface water that actually occurs 
in the field. The PCC pavement at test 
location A was 9-in, thick and at location 
B was 10-in, thick. At both locations 
sealed 1/4-in, transverse joints were 
located 30 ft. on center. The pavements 
were placed on a stabilized subbase over-
lying a micaceous silty sand subgrade. The 
pavements were 24-ft. wide and the outside 
asphaltic concrete shoulders were 10-ft. 
wide. The average measured width of the 
longitudinal crack between the pavement and 
the outside shoulder was 1/4 in. at Site A 
and loss than 1/8 in. at Site B. The 
pavement-shoulder joint was not sealed at 
either site. The pavements had longitudinal 
slopes of slightly less than 1%. The main-
line transverse slopes were approximately 
1% and the transverse shoulder slopes were 
4%. (A detailed summary of the pavement 
conditions at each test site is given in 
Table E-2 of Appendix U). Both series of 
infiltration tests were Performed  during 
periods of greater than average rainfall. 
For example, the month of January which 
just preceded the time of the first 
measurements had 6.44 in. of rainfall com-
pared with the long-term average of 4.79 in. 
Therefore, the base and subgrade would be 
expected to be in a relatively wet con-
dition. Runoff was measured at each site 
for a period of one hour in five minute 
intervals during two different periods of 
rain. 

At Site A, the average total infiltra-
tion into the pavement and shoulder within 
the drainage area studied was approximately 
1% of the total rainfall, while at Site 13 
the average infiltration was 59%. From a 
visual inspection of the pavements, Site B 
appeared to be in better condition than 
Site A from the standpoint of removing 
surface water from the area and hence was  

expected to have a lower infiltration value 
than Site A. However, field measurements 
made on two separate dates indicated that 
Site A had a lower infiltration value than 
Site B. These results appear to indicate 
that conditions existing beneath the 
pavement may in at least some instances 
have more effect on infiltration than the 
visually observable conditions on the 
surface. Because of the many variables 
present in these tests which could influen-
Ce the results, probably a reasonable value 
of the effective infiltration is 30% which 
is the average of the infiltration values 
measured at each site. A greater number of 
trucks passing the test sites made the 
infiltration values appear higher, whereas 
a greater number of cars made the infiltra-
tion values appear smaller. The passage of 
trucks apparently caused water to be 
splashed outside the drainage area whereas 
cars splashed water closer to the 
collection trough located on the edge of 
the shoulder making runoff appear to be 
greater during the measurement interval. 

RAIN GAUGES 

STORAGE CONTAINERS 

Figure 31. SaL-up for infiltration tests: 
1-85, Georgia. 

An average infiltration of 30% would 
apply only to pavements having similar 
characteristics to those in the study and 
constructed on a micaceous silty sand sub-
grade. Further, average infiltrations 
greater than 30% would be expected at the 
beginning of a rainfall for dry base and 
subgrade conditions. 

Some of the more important aspects of 
subsurface drainage are discussed in this 
sub-section with emphasis being placed on 
the longitudinal pavement-shoulder joint 
problem. To develop typical shoulder 
sections which permit drainage, the design 
of the subsurface drainage system should 
be approached in a rational manner using 
the fundamental principles of hydrology 
and the flow of water through porous 
materials [26] . The time required for 
water to drain from beneath a pavement 
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structural section is influenced by the 
following factors: (1) rainfall intensity 
and duration of the selected design storm, 
(2) percentage of the total rainfall enter-
ing the pavement, (3) quantity of ground-
water seepage reaching the pavement, (4) 
permeability and thickness of the relatively 
free draining layers and the permeability 
of the subgrade, (5) longitudinal and 
transverse slope of the drainage layers, 

width of the pavement structure, and 
construction variables that can 

influence the performance of the drainage 
system. Shoulders located in areas having 
as low as 20 to 30 in. of rainfall each 
year can undergo significant structural 
damage due to surface and subsurface water 
particularly when distinct wet and dry 
seasons occur. Some indication of the 
relative magnitude of water-associated 
problems in the shoulder can be obtained 
from Figure 32 which shows the average 
annual distribution of precipitation within 
the contiguous portion of the Unitcd States. 

<20 IN. 

20-30 IN 

30-50 IN 

>50 IN 

ADAPTED FROM: LINSLEY, KOHLER AND PAULHUS 
APPLIED HYDROLOGY 

Figure 32. Distribution of average annual 
precipitation within the continental United 
States. 

Open-graded drainage layers in a 
pavement structure must have a permeability 
sufficintly great so that water is removed 
before a significant amount of damage occurs. 
Cederqren et al. [26] have made the follow-
ing recommendations for designing a sub-
surface drainage system to rapidly remove 
surface water; 

Use a one-hour design rainfall 
having a frequency of occurrence of 1 year. 

Assume for portlandcement concrete 
pavements that from 0.50 to 0.67 of the 
total rainfall will enter the pavement 
(multiply the rainfall intensity by this 
factor to determine the amount of infiltra-
tion) 

Design the drainage system to have 
an outflow rate equal to the infiltration 
rate into the pavement. 

This approach has been describe1 in detail 
and design charts are presented in their 
comprehensive report on subsurface drainage 

The removal of water from beneath the 
pavement as rapidly as it enters is highly 
desirable and would certainly minimize 
structural damage from water. However, for  

handling primarily surface infiltration 
water, the above criteria give sections 
having very high drainage capacities. 
Sections meeting these criteria would 
probably remove the water more rapidly than 
is necessary to reduce the structural damage 
caused by water to a very small fraction of 
that which presently occurs. Furthermore, 
by using somewhat less stringent require-
ments, a structural section can be readily 
utilized that has a relatively free-flowing, 
porous asphaltic concrete base with 
sufficient strength to also be considered 
an integral structural component of the. 
system. 

Most of the problems associated with 
water usually develop within 24 in. of.the 
longitudinal pavement-shoulder joint. 
Further, relatively little structural damage 
occurs in the inside lane of a two-lane 
divided highway. Consider what happens if 
a drainage layer is placed beneath the 
pavement with a collector pipe system 
located under the shoulder near the longi-
tudinal joint. Due to the transient nature 
of the flow of water from this layer, the 
water level in the vicinity of the drain 
and also the longitudinal joint is lowered 
in a relatively short time compared with 
the total time required to remove all of 
the water from the layer. Figure 33 
illustrates the actual variation with time 
of the free water surface as observed 
during field experiments. Because of the 
rapid lowerjng of the water surface near 
the drain, drainage layers having permea-
bilities on the order of 100 to 800 ft. per 
day have sufficient capacity to lower the 
free water in the upper part of the drainage 
layer in the vicinity of the shoulder in 
approximately 5 to 30 minutes after a rain-
fall. Drainage times of this magnitude in 
the vicinity of the shoulder correspond to 
the removal of 50% of the available free 
water from the permeable layer in approxi-
mately 2 to 6 hours after the layer has been 
saturated. In areas where problems with 
frost action orexpansive clay soils exist, 
consideration should probably be given to 
removing the water even more rapidly from 
the pavement structure 

15.0 FT. 
EFF€CTIVE LENGTH, L - 

Figure 33. Variation of the free surface 
with time for a permeable drainage layer 
(adapted from Reference 80). 

This somewhat simplified approach 
allows the base during extended periods of 
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rainfall to become saturated. As a result, 
hydrologic considerations such as design 
storms and rainfall intensities do not have 
to be analyzed. For a given set of hydro-
logic conditions, a study could be made to 
determine if the design structural section 
would actually become saturate,d although 
this would not be necessary following the 
proposed approach. 	

/ 

The time required for drainage of 50% 
of the available free water from the layer 
can be estimated using the drainage theory 
developed by Casagrande and Shannon [801 
some years ago for airfield pavements. 
This theory considers the transient lower-
ing of the water within the drainage layer, 
and was developed assuming a straight-line 
free surface.. The theoretical solution was 
verified using both laboratory models and 
full-scale field tests. The theoretical 
solution was then adjusted so that the 
calculated time required for 50% drainage 
agreed with the corresponding experimentally 
observed times. Using this theory, the time 
required for 50% drainage of the free water 
from the layer can be arrived at as follows: 

Calculate the effective length of 
the drainage path, Le  and the effective 
slope, g, for pavement sections having 
both longitudinal and transverse slopes: 

F!—Z + L =w 	 (5) 
e 	

gt 

12 
g= \jgf +gt2 

where 

W = width of the tributary drainage 
to the edge of the pavement. 

g= longitudinal grade of drainage 
layer (expressed as a fraction) 
transverse layer of drainage 
layer (expressed as a fraction) 

Determine the effective porosity 
of the drainage layer. The effective 
porosity, ne,  is defined as the ratio of 
the volume of voids that can be drained to 
the total volume of voids and solids. 
Because of capillary effects, all of the 
moisture will not drain from a granular 
layer having some sand and silt size 	- 
particles. The degree of saturation at the 
time of compaction of a granular layer 
having some finer material will typically 
be between approximately 50 and 65%. From 
actual field measurements Casagrande and 
Shannon found for sandy gravel (k= 765 ft./ 
day) an average effective porosity of 0.07. 

Calculate the slope factor, 5: 

H 
Lg 
ee 

(6) 

Where H is the thickness of the drainage 
layer (Figure 33) and Le  and ge  are deter-
mined from Step 1. 

Calculate the time required for 
50% of the total free water to be drained 
from the layer as follows: 

r icn L 
50 - L2 k H 

ee2 
	

50 	
7 

 

Where ne, Le  and H are determined in steps 
1-4. The parameter, c, is obtained from 
Figure 34 and the dimensionless time 
factor T50 from Figure 35. The permeabili-
ty of the drainage layer is k. Consistent 
units are used in the above expression. 

S i-c 

1.0 	 ' 2 

SLOPE FACTOR, j 

Figure 34'. Variation of parameter c' 
with slope factor (adapted from Reference 
80). 
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Figure 35. Time factor for 50% drainage as 
a function of the slope factor (after 
Reference 80). 

Filter Design Criteria 

The presence of a small quantity of 
fines in a drainage layer can result in 
poor draining material which cannot remove 
the free water in a reasonable length of 
time. The substantial effect of fines on 
permeability is clearly illustrated in 
Figure 36. The presence of an excessive 
amount of fines can be caused by the 
following fctors: (1) unsatisfactory 
initial gradation, (2) intrusion of finer 
material into an open-graded drainage 
layer, (3) segregation of the finer sizes 
during movement and placement of the 
material, and (4) degradation of the 
material during compaction and under 
traffic. 

To prevent intrusion of fines into an 
open-graded drainage layer, a filter layer 
must be placed over silt and clay sub-
grades. Intrusion of fines into.a filter 
layer is caused by both the repeated 
application of wheel loadings on the sur-
face and also the upward seepage of water 
into the drainage layer. 
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Filter criteria frequently used in the 
design of highway subsurface drainage 
systems were developed'for a steady-state, 
upward flow of water and do not consider 
the effect of repeated wheel loadings. A 
good general review of these filter 
criteria has been presented by Spalding [81] 
Based on a review of available test results, 
Spalding concluded that the Corps of 
Engineers filter criteria should be used to 
protect an open-graded drainage layer 
from clogging. The criteria can be 
summarized as follows: 

D15F < 5xD85S 	 (8a) 

D15F < 20xD15S 	 (8b) 

D50F < 25xD50S 	 (8c) 

where D15, D50 and D85 indicate the grain 
diameter for which 15, 50 and 85 percent, 
respectively of the material is finer. 
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Figure 36. Effect of fines on the permea-
bility of graded aggregate. 

The filter material is indicated by F", 
and the soil being-filtered by 'S. For 
soils to be filtered having a uniform 
gradation (D60S/D1OS) < 1.5), Eq. 8a 
should be replaced with D15F < 6xD85S. 
For well-graded soils (D60S/D1OS> 4.0), 
Eq. 8b should be replaced by the slightly 
less severe requirement of D15F < 40xD15S 
Frequently, only the criteria given in 
Eqs. 8a and 8care used [26]. Finally, to 
insure that the filter layer has adequate 
drainage capacity: 

D15F > 5xD15S 
	

(9) 

The preceding filter criteria are 
based on the results of approximately 100 
laboratory tests and in general have been  

found to be in agreement with the results 
of several other investigators. These 
criteria tend to be slightly conservative 
for the steady state seepage conditions for 
which they were derived. The results of 
the leboaLory study of intrusion of fines 
into drainage layers described in Appendix 
E and also a recent investigation conducted 
by Tayabji and Barenberg [36] indicate 
that when relatively open-graded drainage 
layers are placed directly on silt and 
clay subgrades, intrusion of fines can 
occur under simulated traffic loading 
conditions. The results presented by 
Tayabji and Barenberg showed that a sand 
filter placed between a clay subgrade and 
an open-graded drainage layer effectively 
prevented intrusion of fines for the 
246,000 wheel-load repetitions applied 
during the investigation. Because filter 
criteria were not quite satisfied, the 
criteria given by Eqs. 8 and 9 may at 
least for some gradations be conservative 
under conditions similar to those that 
existed during the test. A lime-modified 
clay subgrade and a filter cloth were found 
not tobe effective in preventing intrusion 
into an open-graded, asphalt-stabilized 
drainage layer. 

The Corps of Engineers filter criteria 
should not be applied to gap-graded 
materials because the criteria will not 
adequately control the grain size distribu-
tion of the filter layer. Also, gap-
graded filter materials tend to segregate 
badly during movement and placement. If 
the soil to be 'filtered is-gap-graded, the 
filter criteria should be applied to the 
grain sizes finer than the gap in the grad-
ing. To prevent the possibility of clog-
ging due to movement of fines from the 
filter into the drain pipe, the fines 
(minus No. 200, U.S. Standard Sieve Size) 
in the filter should be limited to 5%. 
In addition, the hole size in drainage pipe 
should at least meet the following criteria 
[26,81,821: 

Diameter of Circular Perforations < D85F 

Maximum Width-of Slot < 1.2xD85F 	(10) 

Spalding [81], however, has recommended the 
following somewhat more conservative 
criterion for pipes having slots: 

Maximum Slot Width = 0.83xD85F 	(11) 

Openings in the pipe should be placed in 
the bottom to reduce the chance of erosion 
of fine particles into the pipe and to 
lower the depth at which the water is 
intercepted. Compacting the backfill 
around the pipe has also been found to 
reduce the possibility of erosion of €he 
filter material into the pipe [81]. 
Schwab and Kirkharn [83.] have found that 
increasing the number of holes results in 
increasing flow of water into the pipe up 
to approximately 20 perforations per foot. 
The effect of the number of perforations 
was found to be less at greater depths 
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below the water table. 

Drainage Systems 

Field studies of distressed areas in 
pavements performed by Cedergren et al. 
[26] and the field inspections conducted as 
part of this investigation indicate that 
most of the conventional pavement structures 
constructed at the present time do not allow 
the free drainage of surface and subsurface 
water from beneath the pavements. One 
important cause of poor drainage is the 
almost universal use of base and subbase 
courses having low permeabilities and no 
outlet. A base course having even a small 
amount of fines will, in general, be too 
impermeable to result in the drainage of 
50% of the free water from the base in even 
3 to 5 days. For drainage to occur in this 
time for a typicatwo-lane pavement, the 
effective In situ permeability would have 
to be at least 15 to 20 ft./day. 

Another very important factor in 
restricting the drainage of pavement 
structures as they are presently construct-
ed is the use of a trench section without 
pipe underdrains, or else a moderately 
permeable layer that does not have a 
positive outlet to the edge of the shoulder. 
Even if a relatively permeable layer is 
extended out to the edge of the pavement to 
give a "daylighted" section, a relatively 
thin cover of topsoil and sod on the 
surface of the shoulder can block drainage. 
Consider a typical 24-ft. wide pavement with 
a 10-ft. wide paved shoulder on the outside. 
If a 3-in, thick layer of clayey sil.t 
covers the outlet end of a drainage layer 
having a permeability of 1,000 ft./day, the 
resulting effective permeability of the 
layer would be reduced to approximately 
0.5 ft./day due to clogging. Therefore, in 
addition to a drainage layer having a high 
permeability, provisions must also be made 
for an effective outlet to insure that water 
flows freely from the permeable layer. 

Construction of a compacted, unstabi-
lized granular layer that has a permeability 
greater than approximately 5 to 10 ft. per 
day can be difficult because of instability 
due to a lack of fines. Such an open-
graded material also tends to segregate 
badly unless carefully placed using a' 
spreader. If the open-graded layer is used 
as a base or subbase course, densification 
is required using a suitable vibratory 
roller. In some instances, for ease of 
construction, an open-graded drainage layer 
may receive little or no compactiOn when 
placed beneath a conventional structural 
pavement section [31]. To minimize shoving  

and lateral displacement of an open-graded 
cohesionless material, considerable care 
must be exercised by equipment operators to 
avoid, sudden stops or sharp turns. 

Several state highway and transporta-
tion agencies, including those of Indiana, 
New York, Tennessee and Vermont [26] have 
developed open-graded, asphaltic concrete 
base course mixtures that exhibit good 
stability, but also have relatively high 
permeabilities varying betveen approximately 
800 to 5,000 ft./day. It appears that full 
advantage could be taken of these properties 
in developing a base section that can be 
used both as a structural load-carrying 
component, arid as a drainage blanket. The 
drainage theory described previously 
indicates that a permeability of 600 to 
800 ft./day is sufficient to give relative-
ly free drainage of surface water from 
beneath the pavement and shoulder. 

Typical drainage sections recommended 
by Cedergren and Godfrey [30] are illustra-
ted in Figure 37. Where filter criteria 
for the drainage layer are not satisfied, 
a special filter layer should be used at 
least where groundwater is a problem to 
prevent intrusion of fines into the 
drainage blanket. A positive system of 
collection and removal of water must also 
be provided to insure that the water is 
removed from the drainage blanket. Either 
asphalt-stabilized or non-stabilized stone 
can be used for the drainage blanket 
provided the material has the required 
permeability to satisfy design requirements 
for - drainage. In cut sections, where 
groundwater problems are encountered, a 
high-permeability asphalt-stabilized 
drainage layer probably should be provided. 
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Figure 37. Typical highway drainage layers 
(after Cedergren and Godfrey). 



CHAPTER THREE 

Lf 1 

INTERPRETATION, APPRAISAL, APPLICATION 

The longitudinal pavement-shoulder 
joint problem is complex and the cause of a 
considerable amount of shoulder distress 
and a need for extraordinary maintenance 
maintenance. Design approaches that can be 
taken to minimize the problem include 
either one or a combination of the follow-
ing: 

A structurally adequate shoulder 
section; 

Sawing and sealing the longitudinal 
joint; and 

A positive means for removal of 
water from the vicinity of the longitudinal 
joint. 

In this chapter, a general appraisal of 
the foregoing approaches and specific design 
recommendations are made to minimize the 
problem of utilizing each approach. The 
recommendations that are given are based on 
the findings in the appendices in this 
report. In formulating the recommendations, 
careful consideration was given to the 
interviews, field inspections, and field, 
laboratory and analytical studies conducted 
as a part of this study. Where appropriate, 
consideration was also given to, the results 
of previous research studies cited in the 
text. Finally, a recommended field study 
is presented to compare alternative design 
approaches and establish field performance 
records for new experimental sections. 

Structural Shoulder Design 

The field observations have shown that 
shoulder distress is primarily concentrated 
within approximately two feet of the longi-
tudinal pavement-shoulder joint. Cracking 
of shoulders having relatively thin 
structural sections in areas of severe 
winters is likely to occur during the first 
winter that traffic is on the pavement. 
Little or no cracking develops for similar 
shoulders constructed in the fall and left 
untrafficked through the first winter. 
Furthermore, the distribution of truck 
traffic encroaching on the shoulder found 
by Emery [39] very closely coincides with 
the usual location of primary shoulder 
cracking (Fig. 38). These findings 
indicate that a significant part of the 
structural damage occurring near the longi-
tudinal joint is the result of heavy truck 
traffic being applied to the edge of the 
shoulder. Shoulder encroachment may be 
reduced either by placing the edge stripe 
on the mainline pavement one foot closer to 
the centerline or by placing an asphalt-
chip spray treatment one foot onto the 
concrete pavement. The effectiveness of  

these two methods on shoulder encroachment 
needs to be evaluated using test sections. 
In general, cracking of the outer 2/3 of 
the shoulder was not observed to be a 
significant problem. Premature cracking in 
the vicinity of the outside edge of the 
shoulder was found for asphaltic concrete 
surface thicknesses less than about 2 in. 
in several instances to be due to the 
surface thickness being significantly less 
than the specified value. 

Shoulder Design Procedure 

It is of prime importance. that the 
paved shoulder be structurally capable of 
supporting the applied truck loadings. 
Unfortunately, only a limited amount of 
information is presently available on the 
actual usage of the shoulder by trucks. 
The California Division of Highways 
presently uses 1% of the mainline traffic 
for shoulder design. • A study conducted by 
Emery [39] indicates, however, that for at 
least rural Interstate pavements in the 
southeast, truck encroachment on the 
shoulder due to wandering is about 2.4%. 
The mean distance of encroachment is about 
7 in. with almost all of the encroachments 
being within approximately 24 in. of the 
pavement edge. In the absence of more 
reliable usage data, shoulders in rural 
areas with free flowing traffic character-
istics probably should be designed for at 
least 2 to 2.5% of the mainline truck 
traffic. No data are available for truck 
encroachment in heavily congested urban 
areas. 

Use of the AASHO Interim Guide equa-
tions and 2.5% truck encroachment was 
found to give for both flexible and rigid 
pavements realistic structural shoulder 
sections based on observed field perfor-
mance. The AASHO Interim Guide equations 
were used in this study for purposes of 
illustration only; other suitable design 
methods can be used depending one'stablished 
practice and experience. For conditions 
where 2 to 2.5% of the mainline truck 
traffic is encroaching on the shoulder, 
the AASHO Interim Guide equations show 
that many presently used asphaltic 
concrete shoulder sections are under-
designed in the vicinity of the longitudinal 
pavement-shoulder joint. Use of full-
depth asphaltic concrete and portland cement 
concrete shoulder sections has greatly 
reduced distress near the longitudinal 
joint. These sections generally satisfy or 
almost satisfy the theoretically required 
structural numbers given by the AASHO 
equations. These theoretical results help 
to at least partially explain the good 
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performance of portland cement and full-
depth asphaltic concrete shoulders, and the 
relatively poor performance of weaker 
shoulder sections. 

I - 
Ail 

:... 

(a) Encroaching 	(b) tesulLiny shoulder 
truck 	 deterioration 

Figure 38. Shoulder encroachment and 
accompanying deterioration. 

Based on these results, the recommenda-
tion is made that the shoulder section be 
designed structurally for the expected 
amount of truck traffic due to encroachment 
using as an interim procedure presently 
accepted mainline design methods. The 
construction of shoulders with sufficient 
structural strength to carry the expected 
traffic should greatly reduce the amount 
of distress presently being experienced at 
the longitudinal joint. Avoidance of 
problems with excessive water, shoulder 
settlements, expansive clay subgrades, and 
frost susceptible bases, subbases or sub-
grades should be considered separately as 
discussed in subsequent sections. 

Because virtually all truck encroach-
ments apparently occur within two feet of 
the longitudinal joint, the potential exists 
for significant savings in construction 
costs by using a shoulder design having a 
variable structural strength. Tapered 
sections or special variable strength 
structural shoulder designs can be used to 
strengthen the shoulder in the critical 
area of heavy loading. 

(i3zy:7 ccyi Ci'ac 

Based on the field observations of 
this study, the asphaltic concrete surface 
course mixture used in the shoulder did not 
generally play an important role in 
determining the performance of the shoulder 
joint. However, numerous other field 
studies [88] have found that hardening of 
an asphaltic concrete surfaco is directly 
related to surface cracking. An asphaltic 
concrete mix constructed with a high per-
centage of air voids will have a much 
greater permeability to air, water, and 
water vapor than a mix having a low amount 
of air voids. As a result, asphaltic 
concrete surfacings having a high percentage 
of air voids will undergo hardening 
primarily due to oxidation of the asphalt  

cement appreciably more rapidly than a 
similar mix having a low percentage of air 
voids. In addition, laboratory tests [93] 
show that asphaltic concrete mixes with 
high air-void contents have low fatigue 
lives even in the absence of a significant 
amount of hardening. Table 18 summarizes 
recommendations to minimize surface 
cracking through proper design and 
iuis LrucLion of Lhe asphal Lie concrete 
surface course. To minimize cracking the 
asphaltic concrete surface mixture should 
in general have a minimum asphalt content 
of approximately 5.5%. The asphaltic 
concrete should not be overmixed in the 
pugmill to the extent that excessive 
hardening occurs. To facilitate achieving 
in the field a low air void contents, the 
asphalt that is used should have as low a 
viscosity as possible without causing 
excessive rutting. Recommendations are 
given in Table 19 for selection of asphalt 
cement to minimize temperature cracking [93]. 
For pavements with low air voids, a 
significant trend for increased hardening 
for higher values of the Rostler parameter 
(N+Al/P+A2) has been noted [100]. The 
optimal value of the Rostlerrameter for 
minimum hardening appears to be 1.0 to 1.4. 

Table 18. Recommendations for asphaltic 
concrete surface course to minimize 
shoulder deterioration. 

Act ivity cecomsienda stun 

Minimum design 	thickness of 	.. 	ii.. 
Protection of base and/or 	foundation 

5 material against enposuro to 
water by providing subsurface 
drainage 

3to 6% air voids. 
Voids in mineral aggrogate 

g 
1/2 in... aggr. 	15% 
3/4 	is-mao. 	.sggr. 	141, 
1-1/2 	in.-max. 	aggr. 	12% 

3. Use an much asphalt without causing 
instability or 	flushing 

Useangular crushed aggregates 
Material to improve fatigue properties 
Specifications 00 not over-nix or use excessive 

mix temperatures 

I. Mi nsmu,s density compatible with  ii 
design (recommended minimum 955 
of 50 blow Marshall or 
equivalnst) 

2. 	Layer thteknesves no less than 1.3 

For typical dense graded mixes, this would correspond to 
a minimum of 5.5 percent asphalt. 

Base -'ourss 

Bii'uminous. The type of base course 
used in the shoulder section can have a 
significant effect on performance. 
Asphaltic concrete and asphalt-treated 
bases have generally performed exception-
ally well in shoulders under heavy mainline 
traffic conditions where a total thickness 
of the surface and base has been about 
8 in. or more. The small transverse and 
vertical joint movements on the order of 
1/16 to 1/8  in. that usually occur do not 
appear to cause serious problems. Local 
materials of reasonably good quality, 
where available, can be utilized in a hot- 
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mix base. This practice is presently 
followed, for example, in Texasand Florida. 
Asphaltic concrete and asphalt-cement 
treated bases have generally performed 
better than cutback and emulsified asphalt-
treated bases. North Dakota, however, has 
i€poL Led yood shoulder performance using a 
cutback asphalt base. 

One important factor experienced with 
full-depth asphaltic concrete shoulder 
sections in cold regions is low-temperature 
transverse cracking. Finn et al. [93] have 
given alternative design approaches to 
minimize low-temperature cracking. Probably 
use of appropriate grade asphalts is the 
best approach for minimizing temperature 
cracking at the present time. The asphalt 
grades recommended by Finn et al. to 
minimize temperature cracking for different 
climatic conditions and thickness of 
asphaltic concrete are given in Table 19. 

Cement- and Lime-Treated Bases. The 
field inspections showed that use of cement-
or lime-stabilized bases under the shoulder 
in areas of high rainfall or severe climates 
usually resulted in a depression near the 
longitudinal joint along with premature 
cracking. In Georgia, Louisiana, and Texas 
eroáion of cement-treated bases was found 
to be a significant problem. In Illinois, 
premature cracking of shoulders with 
cement and pozzolan aggregate bases has 
resulted in the vicinity of the joint due 
to freeze-thaw cycles in the presence of 
brine water from deicing salts [7,8]. 
Although mixing in a pugmill will reduce 
erosion, serious problems can 9till occur. 

If cement- and lime-stabilized 
materials are to be used successfully 
beneath the shoulders in areas of high rain- 

fall or severe winter climates, a higher 
quality base will have to be constructed 
than was generally observed during the 
field inspections. Cement- or lime-stabili-
zed bases constructed using higher quality 
materials and/or higher percent stabilizing 
agents may be found to withstand the 
destructive environmental factors present 
at the longitudinal joint. Recommendations 
to minimize problems with cement-treated 
bases are given in Table 20. Sufficient 
compressive strength and durability appear 
to be the most important factors. An 
indication of durability canbe obtained 
using the ASTM freeze-thaw test (ASTM-666). 
In states using significant quantities of 
deicing salts, the freeze-thaw test should 
be performed using a brine solution [8]. 

Insufficient cement content has been 
found by Zube and Gates [94] to be a very 
important cause of poor performance of 
cement-treated bases. Extensive pavement 
maintenance has been required within three 
years for cement-treated stone bases 
beneath mainline pavements constructed with 
between 2.2 and 3% cement. Plant mixed 
cement-treated bases have less variation in 
cement content in the field than bases 
mixed in-place. Zube and Gates found that 
on three projects using plant-mixed bases, 
3 to 8% of the cement-treated base was 
deficient in cement by more than the 
specified 0.4%. To perform satisfactorily, 
the minimum in-place compressive strength 
of the base should where practical be 
500 psi. A minimum design compressive 
strength of 750 psi should be used to 
account for field variations in cement 
content. Increasing the compressive 
strength of the base should not signifi-
cantly increase either longitudinal or 
transverse cracking, but should significant-
ly reduce block cracking. 

Table 19. Recommendations for selection of asphalt cement to control temperature 
cracks (after Finn, et al. [931). 

Thickness Asphalt Cement 
of Asphalt Grade Western 
Concrete, 	in. Climate AASHO M226 States4  

Cold1  AC-5 AR-bOO 
< 3 Moderate2  AC-iD AR-4000 

Hot3  AC-lU AR-4000 

Cold AC-5 AR-2000 
Moderate . 	AC-20 AR-4000 

4-6 Hot AC-20 AR-8000 

Cold AC-5 AR-2000 
> 	7 Moderate AC-20 AR-8000 

Hot AC-40 AR-16,000 

Normal minimum daily temperature* of 100F or less; for extremely low temperatures 
special studies are recommended. 
Normal maximum daily temperature*  of 90°F or less. 
Normal maximum daily temperature* greater than 900F. 
As reported in Western Construction, October, 1972. 

* As given by U. S. Weather Bureau Climatological Reports. 
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Table 20. Recommendations for cement-
treated bases to minimize shoulder 
deterioration. 

Activity Recommendations 

Minimum design thickness of 6 in. 
protection of foundation material against 
exposure to free water by providing 

U 	g drainage and/or sealed longitudinal joints. 
Minimum thickness of asphalt concrete 
surface of 2.5 in. 

Cement treated materials should be capable 
of meeting ASTM wet-dry and freeze-thaw 

Materials criteria1. 
Specification Limit clay content to approximately 10 to 

15% depending on clay mineralogy. 
Use the most granular, highest quality 
materials available. 

provide cement content to meet ASTM wet-dry 
and freeze-thaw criteria. 
provide cement content to give 500 to 750 
psi compressive strength after 7 day cure 

Mix Design at mnimms density expected in 95% of 
area 
Additionalcement requirement to compensate 
for non-uniform cement distribution 
(recommended increase of 10% of the cement 
content or 1/2 percent cement, which ever 
is greater. 

Close field surveillance. 
Mixing and compaction completed within 3 
hours after water added to cement-aggregate 
mixture. 
Minimumdensity compatible with mix design 

• C 	t (recommended minimum of 95% of AASHTO T180 
where attainable) 
Layer thickness no less than 1/2 in. 
thinner than design section. 
provision for adequate curing. 
Thin lifts to bring layer up to grade 
should not be permitted. 

In areas where deicing salts are used the wet-dry tests should 
be performed in the presence of a brine solution. McKenzie (8) 
has found that good results are obtained when the normally used 
distilled water is replaced by a 5% brine solution in the wet-
dry test used by Illinois. 

A reduced strength of 250 to 300 psi may be allowed in some 
instances where marginal materials are used which are known to 
give satisfactory performance. 	 - 

Recommendations for minimizing problems 
with granular bases are summarized in Table 
21. A lower quality subbase should not in 
general be used beneath a relatively thin 
base course to obtain the required struc-
tural strength. Instead, where practical, 
high quality granular materials should be 
employed throughout the structural section 
below the surfacing. If high quality 
materials are not available, either asphalt 
or cement stabilization should be seriously 
considered to optimize performance. Granu-
lar bases should be compacted to a minimum 
of 100% of AASHTO T-180 density and, when 
practical, consist of angular crushed stone 
having a maximum stone size of at least 
1 to 1-1/2 in.; larger maximum stone sizes 
will give better performance. Also, 
wherever it is practical, the fines 
content should be limited to less than 8%. 

Table 21. Recommendations for untreated-
aggregate bases to minimize shoulder 
deterioration. 

Activity Recommendations 

1. Minimum base thickness of 6 in. Design 2. Minimum (surface thickness of 2.5 in. 

 Non-plastic granular material; no 
soil. 

 Minimum density of 100% AASHTO T-180. 
Material  Largest practical top size; 
Specifications preferably 1-1/2 to 2-1/2 in. max. 

 Less than 8% fines. 
 Coarse gradation. 
 Angular, crushed stone (where 
practical) 

1. Close field surveillance of gradation 
and density. 	 - 

- 	2. Layer thickness not less than 1/2 in. 
thinner than specified value. 

Construction 3. Meet required density at edge of 
mainline pavement. 

4. Run new compaction curves if 
gradation changes. 

5. Place stone by an approved spreader. 

Granular Bases. Granular bases tend 
to vary in performance considerably more 
than either bituminous or cement-treated 
bases [88,95,96]. This observed variation 
in performance is caused by an unstabilized 
base being considerably more affected than 
stabilized materials by such variables as 
material type and origin, grain size and 
gradation, compaction density, and frost 
susceptibility. Several closely controlled 
field studies [95,97,98] have shown that if 
other factors are similar, a crushed stone 
base usually performs significantly better 
than an uncrushed natural gravel base. 
Bases using large maximum size aggregate 
and less than 8% fines have been shown to 
perforn better than bases constructed with 
smaller size aggregate and greater amounts 
of fines [88].  Aggregate bases and 
subbases should be nonplastic and not 
blended with soil; this is particularly 
true in areas where frost action is a 
problem. Barksdale [88] has concluded that 
frost action is frequently a problem in 
granular bases and subbases, and can occur 
in some bases that have as low as an average 
of 8 to 10% fines. 

Sealing Longitudinal Pavement-Shoulder 
Joints 

Proper sealing of the longitudinal 
pavement-shoulder joint can effectively 
minimize infiltration of water through the 
joint (Fig. 39). Limited studies have 
shown that cracking and heaving of the 
shoulder can be reduced by sealing the 
longitudinal joint [20,22,25]. Sealing the 
longitudinal pavement-shoulder joint has 
little value unless the transverse joints 
in the mainline pavement are also effec-
tively sealed or a continuously reinforced 
pavement is used. Significant quantities 
of water can enter unsealed transverse 
joints and move through the base past 
the longitudinal joint resultirsg in 
structural distress at the joint. Longi-
tudinal joints should be provided with 
sealant wells and sealed only if adequate 
maintenance sealing is contemplated for 
both the longitudinal pavement-shoulder 
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and transverse mainline joints. As a seal-
ant deteriorates in a wide longitudinal 
pavement-shoulder joint sealant groove, 
lack of maintenance would probably result 
in more deterioration of the shoulder due 
to water infiltration than if a joint groove 
was not constructed. Properly sealed longi-
tudinal pavement-shoulder joints will 
generally require maintenance every three 
to four years. In some installations, 
however, effective sealant lives as great 
as five years have been reported. If seal-
ant maintenance is intended, a sawed and 
sealed longitudinal pavement-shoulder joint 
is not recommended. 

Figure 39. Four-year-old rubber sealant in 
North Dakota at l00F (1-by-l-in. joint). 

The effects on sealants of cyclic 
joint movements can be reproduced in the 
laboratory with an eq1im1'nt eyn1i 
extcnion movement of approximatQly 0. 1  5 -o 
0.25 in. A typical shoulder section having 
adequate structural strength might have a 
long-term vertical and transverse movement 
at the joint on t-hp ordor rf 1/8 in. For 
this condition, the equivalent maximum 
extension movement to which a sealant would 
be subjected is about 0.20 to 0.30 in. 
Using presently available sealants, a joint 
should not be subjected in the field to 
more than about 20 to 25% strain. This 
means that a sawed joint approximately 
1-in, wide is required for relatively small 
permanent shoulder settlements; for large 
cottlomontu, an even wider sawed joint 
would be necessary to maintain an effective 
seal. Field performance of sealed longi-
tudinal joints also indicates that joint 
grooves should have a minimum width of 3/4 
to 1 in. To effectively seal the longi-
tudinal joint, the shoulder structural 
section should be designed so that 
significant amounts of settlement of the 
shoulder relative to the pavement do not 
occur. A less desirable alternative approach 

would be to allow the settlement to occur 
before sawing and sealing the joint. 

Lahra o'p fCU 

Sealant Specifications. Hot-pour 
rubber asphalt elastic sealant materials 
to be used in the longitudinal pavement-
shoulder joint should meet the interim 
specifications given in Appendix F. These 
specifications can be modified readily for 
other type sealants. The specified labora-
tory tests should be performed by the 's 
as the basis for material acceptance. 
Standard specifications are given for 
penetration, laboratory and field flow, and 
resilience. Field observations indicate 
that intrusion of incompressibles in the 
longitudinal joint is not a significant 
problem. Therefore, somewhat softer seal-
ants can be used in wide shoulder joints as 
compared with transverse joints. 

The five-cycle bond test performed 
ua ing an extension of 1009. is recommended 
as an interim test procedure until adoption 
of the environmental cyclic bond test. 
This test should be performed on specimens 
artificially weathered as described in 
Chapter 2 for the environmental cyclic 
bond tests. The five-cycle bond test 
specimens should be poured against one 
portland cement and one asphaltic concrete 
block. The asphaltic concrete block should 
be made using a mixture that is representa-
tive of the asphaltic concrete surfacing 
material used in the field. Use of both 
types of block will insure compatibility of 
the sealant with both materials and give 
the limiting bond strength for the two 
different surfaces. Five-cycle bond tests 
performed using both types of block have 
indicated that the rubber-asphalt sealants 
usually fail in adhesion to the portland 
cement concrete while the polyurethane and 
polyvinyl chloride sealants fail in 
adhesion to the asphaltic concrete. 

The proposed 100% five-cycle bond test 
is performed at an extension considerably 
greater than should occur in the field. 
As a result, sealants that perform satis-
factorily in the field might fail this 
interim bond test. 130th field performance 
and laboratory tests, however, indicate 
that the 100% extension bond test will 
eliminate many sealants with poor perfor-
mance records. Sealants exhibiting good 
weathering resistance but which fail the 
bond test could be accepted if small test 
sections using the sealant show good 
performance. The environmental cyclic bond 
test could also be used as a basis for 
acceptance of the sealants. State 
transportation organizations presently us-
ing the five-cycle, 100% extension bond 
tests include Georgia, Illinois, Michigan, 
and Minnesota. 

Bri tt Ia Sealant Pci lures. 	Truck 
encroachment on the pavement shoulder, 
jerky thermal movement of the pavement, and 
to a lesser extent movement of trucks on the 
mainline pavement near the joint all cause 
sudden relative movements between the 
pavement and the shoulder. As a result, a 
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sealant is subjected to sudden loadings that 
can cause a brittle type of failure when the 
sealant is cold. Minnesota has developed an 
impact test to simulate this condition, and 
it is currently used by both Minnesota and 
Illinois. The Minnesota impact test is 
performed at 00F and consists of subjecting 
sealant specimens to a sudden impact of 
100 in.-lbs. The impact is applied to 
specimens that have passed the five-cycle 
bond test with a 10-lb. steel hammer that 
swings through a 900  arc before hitting 
the to,,,) bloch of the bond test specimen 
(Fig. 40). 

: 

Figure 40. Vinncsota impact test for 
brittleness performed at 0 F temperature. 

IflCPCFflSflfQ/ 	tO(L3 IfS l'sX.'tS n5rf. 
The incremental stress relaxation test 
developed during this study also measures 
the resistance of sealants to brittle 
failures caused by sudden loading. This 
test is performed at 0°F and consists of 
applying every 12 hours a 10% (0.05 in.) 
axial deformation to a 1/2-in.-by-1/2-in.-
by-3-in. specimen. A relatively mild 
amount of artificial weathering was found to 
reduce by approximately one half the exten-
sion at which failure occurred in the 
improved rubber-asphalt and polyurethane 
specimens. Both the weathered and Un-
weathered polyvinyl chloride specimens 
failed at too small an extension to evaluate 
the effect of weathering. The occurrence of 
both adhesive and cohesive failures in this 
test is significant because cohesive 
failures did not occur during the five-cycle 
bond tests performed at 00F. Several state 
highway and transportation organizations 
also indicated that cohesive failures in 
bond tests performed at 00F were either 
nonexistent or very infrequent. 

Either the incremental stress relaxa-
tion test developed in this study or the 
Minnesota impact test should be performed 
to evaluate the behavior of the sealant 
when subjected to sudden deformations that 
could cause brittle type failures. These 
two tests are given as alternatives in 
Appendix F. In Northern areas experiencing 
vary low temperatures, consideration should 
be given to performing the incremental 
stress relaxation test at -200F. 

A sealant in a longitudinal joint in 
the field is subjected to as many as 200 to 
400 effective cycles of movement in addition 
to normal environmental weathering. The 
laboratory and field investigations indicate 
that current testing proceThres do not give 
a true indication of sealant performance 
in the field. For typical movements of the  

longitudinal joint, a sealed 1-in, wide 
joint is subjected to a maximum equivalent 
extension movPmn- oF 0 to 35%. Almost all 
commercially available sealants used in 
highway construction will pass the standard 
five-cycle bond test at 50% extension, and 
most of the better performing sealants will 
pass the 100% extension bond test. The 
poorer performing sealants that pass the 50% 
bond test usually fail in the field after 
9 to 18 months of service, even though the 
maximum movements in the field would 
generally be only about one half the 
extension used in the laboratory bond tests. 

The results of the laboratory tests 
given in Appendix D also indicate that poor 
sealant installation practices do not in all 
instances fully account for poor joint 
performance. The results also indicate 
that weathering has a significant effect on 
the performance of sealants. The great 
variation in results in the laboratory 
testing program indicates that sealant per-
formance is also influenced by other factors 
which at the present time are not clearly 
understood and need further identification. 

Because of the factors that have been 
enumerated, the environmental cycle bond 
test developed in this study which uses 
artificially weathered specimens should be 
adopted as soon as practicable following 
further evaluation. This test should 
replace the five-cycle bond test because 
it more closely simulates the cyclic field 
deformation and environmental conditions 
and uses a more realistic value of extension. 
of significance are the facts that both loss 
of recovery and stretching failures were 
induced during the cyclic environmental 
tests, and resealing of some sealants 
occurred. 

In the environmental cyclic bond test, 
specimens are subjected to alternating 
cycles of 65% extension and 25% compression 
while the temperature is varied from -10°F 
to 110°F (Fig. D-8, Appendix D). To 
simulate wet and/or humid conditions in the 
field, the relative humidity is maintained 
at 95% at temperatures above approximately 
400F. The artificial weathering procedures 
used in the tests described in Appendix D 
were developed to permit the weathering of 
rubber-asphalt specimens which tend to flow 
at elevated temperatures. The weathering 
procedures developed should be modified to 
include higher intensities of ultraviolet 
light and longer weathering periods as 
discussed in Appendix D. 

Using the environmental cyclic bond 
test procedure proposed, a sealant 
exhibiting suitable characteristics for use 
in longitudinal joints should be able to 
withstand at least 75 extension-compression 
cycles if the specimens are mildly 
weathered using the procedure followed 
during this study. Specimens subjected to 
higher levels of weathering should tenta-
tively be capable of withstanding at least 
at least 50 cycles. Further research is 
necessary to establish realistic weathering 
procedures and acceptance criteria for more 
severely weathered specimens. The proposed 
test can also be applied to evaluating 
sealants for use in transverse mainline 
pavement joints. 



(a) Propane torch 
unit. 
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SeLar Type 

The recultc of the fiir'-ry'1e bond 
test, the environmental cyclic bond test, 
anH tho incremental stress relaxation test 
indicate in the order of decreasing level 
of performance the sealant behavior for the 
commercial sealants tested: 

polyurethane; 
"improved rubber-asphalt; 
"polyvinyl chloride; and 
"regular rubber-asphalt" 

Estimated installed costs have already been 
summarized in Table 6. Although the 
commercial polyurethane sealant tested 
performed significantly better in the lab-
oratory than the others, this sealant has 
an installed cost of approximately 2 to 
2-1/2 times the cost of improved rubber-
asphalt. Also, to have good bond strength 
the polyurethane tested requires use of a 
primer. Although the primer could be 
applied properly in the laboratory, poor 
coverage of the sides of the joint with 
primer in the field could result in bond 
failures. 

Based on observed field performance 
and the laboratory sealant studies, the 
improved rubber-asphalt sealants which meet 
the material and installation requirements 
given in Appendix F should be expected to 
effectively seal the longitudinal pavement-
shoulder joint for three to four years. 

After approximately three to four years 
of service, the improved rubber-asphalt 
sealant will require maintenance. An 
economical maintenance approach that has 
been found to work satisfactorily is to 
apply either liquid or catalytically blown 
asphalts over the original rubber-asphalt 
sealant. A description of some of the 
liquid asphalts used is given in Chapter 2. 
Resealing the longitudinal joint with this 
!udteLJ.cjl i an economical way of maintaining 
an effective seal that eliminates the need 
for removing the original sealant. This 
maintenance technique can probably be used 
for at lea- two times before the ioint may 
require cleaning and sealing with a suitable 
new sealant. If this maintenance approach 
is followed, the joint should be originally 
slightly underfilled to facilitate subse-
quent refilling. 

For satisfactory sealant performance 
in the longitudinal pavement-shoulder joint, 
the joint groove should in general be not 
less than I in. in width dud I iii. iii dpLh. 
Other dimensions which could be used if 
environmental conditions indir.at-e small 
joint movements or for reasons of economy 
include a 1-in, width by 3/4-in, depth, or 
a 3/4-in, width by 3/4-in, depth. Draft 
specifications for constructing and sealing 
the longitudinal joint are given in 
Appendix F. 

The joint groove can be cut either wet 
using a diamond blade saw or dry with an 
abrasive blade saw. To reduce the labor 
involved, the joint should be cut in a 
single pass with a special multiple head  

unit. On shoulders having an asphaltic 
concrete thickness greater than approxi-
mately 6 in., the longitudinal joint can be 
constructed by first forming a groove having 
a width approximately 1/4-in, less than the 
final size, and then sawing to the required 
dimensions as described above. Final 
sawing will leave exposed aggregate on the 
asphaltic concrete side and a clean surface 
on the portland cement concrete side of the 
joint. Constructing the sealant groove 
using only a routing or forming method is 
not recommended at this time; further 
studies may, however, show that techniques 
such as these that do not require sawing 
can be used successfully. 

If a diamond blade is used, the joint 
should be flushed with water immediately 
after sawing to remove the slurry. The 
horizontal pavement surface on each side of 
the joint should be surface-brushed, and 
the joint should be blown out with compress-
ed air just prior to sealing. A propane 
torch (Fig. 41) that creates a high-
temperature and high-velocity air flow in 
the joint can be used to clean the joint 
just before sealing as an alternative to 
the more conventional brushing and blowing 
procedure. Based on the results of 
studies by Wolters [23] and the Pennsylvania 
Department of Transportation, the sides of 
the joint should not be primed with either 
liquid or emulsified asphalts. Any curing 
compound on the portland cement concrete 
side of the joint should be removed during 
the sawing operation. As discussed in 
Chapter 2, Wolters [23] has found that 
cracks in asphaltic concrete should be 
slightly overfilled and that a bond breaker 
should not be used. 

- . 1• 

(b) 1/2 (w) by 3/4 in. 
(D) joint cleaned 
with propane 
torch: improved 
rubber asphalt 
1-1/2 yrs. old. 

Figure 41. Propane torch unit for cleaning 
and heating joints and cracks at 30000F 
and 3000 fps velocity. 
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Either a gravity feed or pressure 
applicator can be used to apply the joint 
sealant, although considerably more sealant 
can be installed with a pressure applicator 
in the same amount of time. The limited 
laboratory test results of this study 
indicate that the sealant in the melting 
kettle should be maintained at or slightly 
above the manufacturer's recommended 
pouring temperatures. 

Drainage 

Observations made during the field 
inspections of this study and also by 
previous investigators (26,33] indicate 
that in many instances deterioration of the 
shoulder in the vicinity of the longitudinal 
joint is considerably more severe when a 
significant quantity of water is present 
beneath the pavement and shoulder. The 
severity of water-associated problems 
depends upon a number of factors including: 

\mount and distribution of rainfall., 
and individual storm characteristics; 

strength and type of structural 
shoulder section; 

Quantity of groundwater seepage; 
Amount of surface water infiltra-

tion; 
Permeability of the base, subbase 

and subgrade; 
Longitudinal and transverse slope 

of drainage layers; 
Width of the pavement structure; 
Construction variables, such as 

in-place permeability, that influence 
performance of drainage systems. 

Pavements have a great capacity for 
conducting rainwater which falls on the 
surface through cracks and joints into the 
underlying structural components. A 
typical open crack or joint with an un-
filled reservoir beneath will remove from 
the surface most of the rainfall sheet-
flow (measurements have shown 70 to 97%). 
Field infiltration measurements indicate 
that under prolonged wet conditions a pave-
ment resting on a silty sand subgrade has 
an average infiltration capacity of approxi-
mately 30% of the rain falling on the 
pavement. Codergren et al. (26] have con-
cluded that water caused premature 
deterioration at seven out of eight sites 
investigated. The pavement at these 
locations was on fill and reasonably long 
longitudinal grades existed. Therefore, 
the distress was apparently caused by 
surface water which infiltrated into the 
pavement and moved down the longitudinal 
grade. 

In the past, structural distress of 
pavements due to water has been usually 
attributed to the presence of groundwater. 
Although subsurface water is indeed 
frequently the source of the problem, these 
findings indicate that the infiltration of 
surface water into the pavement structure 
can be just as important as subsurface 
water. 

The following three factors were found 
to be particularly important and must be 
given special attention to insure that a  

subsurface drainage system functions 
properly: 

Permeable materials must be free 
draining as established by permeability 
tests performed on the actual materials 
used; 

A positive method must be provided 
for removing water from the drainage layer; 

tinderdrain pipes must have a 
discharge outlet that is designed and 
maintained so that it will not become 
clogged (Fig. 42). 

To prevent clogging of the drainage layer, 
the filter criteria should be satisfied 
given by Eqs. 8 and 9 in Chapter 2. 
Intermediate filter layers must usually be 
placed over silt and clay subgrades to 
prevent intrusion of fines into open-
graded drainage layers (Table 10). The 
filter material should not be gap-graded. 

Figure 42. Underdrain pipe with clogged 
outlet. 

Subsurface water should in general be 
controlled by the use of a drainage 
blanket and/or an interceptor drainage 
trench. The drainage blanket (Fig. 43) 
can be constructed using either an 
unstabilized or asphalt-stabilized, open-
graded stone. The drainage system should 
be designed to have sufficient capacity to 
remove the expected quantity of groundwater. 

In general to control groundwater, use 
of the asphalt-stabilized granular drainage 
blanket described in Chapter 2 is recommend-
ed for high drainage capacity and to 
minimize construction problems. The 
blanket should be stabilized with 1.5 to 
2.0% asphalt and placed beneath the normal 
structural section. A gradation similar to 
the one given in Table 10 is recommended 
for the stabilized drainage blanket. Use 
of this gradation should result in a 
laboratory permeability of approximately 
7,500 to 10,000 ft./day. Mixes more open-
graded than this which would have higher 
permeabilities are not recommended for 
general use until further studies indicate 
rutting and stability would not be a 
problem. 
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Figure 43. Typical improved shoulder sections. 

Surface Infiltration Water 

Due to the transient nature of the flow 
of water from the drainage layer, the water 
level in the vicinity of the drain and hence 
the longitudinal joint is significantly 
lowered in a relatively short time compared 
with the total time required to remove all 
of the free water from the layer. Since 
most of the structural damage in both the 
mainline pavement and shoulder occurs near 
the longitudinal joint, advantage of this 
transient flow of water can be taken in 
developing design criteria for the drainage 
system. To subsequently lower the water 
level in the vicinity of the joint in 5 to 
30 minutes, 50% of the available free 
water should be removed from a blanket 
drainage layer in 0.05 to 0.20 days. The 
required permeability to meet this 
criterion can be determined using the 
procedure presented in Chapter 2. 

Using the recommended design procedure, 
the pores in the structural section may fill 
with water during high-intensity storms. 
Excess water, however, would simply run off 
the surface of the pavement, and the water 
stored within the structural section would 
dissipate rapidly as the storm subsided. 
As a result of this assumption; hydrologic 
data such as design storms and rainfall 
intensities do not have to be analyzed. 
The recommended drainage criterion is 
admittedly somewhat less conservative than 
that proposed byCedergren at al. [261. 

The proposed drainage criterion, however, 
will result in removal of water at 'least 
200 to 800 times faster than in most 
presently used bases and subbases, and will 
reduce the structural damage caused by 
water to a very small percent of that which 
presently occurs. 

For a typical 2-lane divided highway, 
50% of the available free water in the 
drainage layer can be removed in approxi-
mately 4, 0.2 and 0.05 days for permea-
bilities of 10, 200, and 1,000 ft./day, 
respectivcly. These results show that 
drainage layers which have permeabilities 
of less than 10 ft./day are relatively 
slowly draining even for the ideal 
assumption of free flow from the drainage 
layer. For typical conditions, drainage 
layers having minimum permeabilities of 
200 to 800 ft./day can generally satisfy 
the proposed drainage criterion. Open-
graded, asphaltic concrete base-course 
mixtures used for example by New York, 
Tennessee and Vermont have permeabilities of 
800 to 5000 ft./day. This type base can 
serve as an integral structural component 
of the system and also a drainage layer. 
A typical open-graded asphaltic concrete 
base course should have 3 to 5.5% asphalt 
content and a gradation similar to that 
given in Table 22. To insure sufficient 
stability under heavy traffic, the 
permeability of the base should generally 
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be limited to approximately 800 to 2,000 
ft./day. Bases with permeabilities greater 
than about 4,000 ft./day should not be used 
at this time as a structural component 
because of potential stability problems. 
Additional studies may show under certain 
conditions that mor open mixes can also be 
used as part of the structural section. 
General recommendations for the drainage 
system design for surface water are given 
in Table 23. 

Table 22. Allowable gradation limits for 
both graded base and binder courses used 
in New York1. 

Screen 
Size Base Binder 

(inches) Course Course 

2 100 
1-1/2 75 - 100 100 
1 55-80 90-100 
1/2 23 - 42 35 - 65 
1/4 5-20 10-35 
1/8 2-15 5-20 

Standard Construction Specifications, 
New York State, Department of Trans-
portation, Design and Construction 
Division, January (1973), p.  160. 

Table 23. Recommendations for drainage 
systems to remove primarily infiltrated 
surface water. 

Design Activity Recommendation 

Remove 10% of available free water 
in 0.05 to 0.20 days. 
Typical minimum permeability of 200 

Drainage Layer to 800 fpd. 
(Infiltrated Use open-graded asphalt concrete 
Surface Water) base course with 3 to 5.5% asphalt 

(Table 	22). 
Measure permeability of un- 
stabilized and stabilized drainage 
layer materials. 

Install at slope paralleling grade 
of road centerline. 

Mini-Drain Minimum grade: 1% for smooth pipe; 
Collector 5ystem- 2% for rough pipes. 

Minimum diameter of 2 in. 	(I.D.) 
for slotted and perforated pipe. 

Outlet pipe end should be 12 in. 
above flow line of. roadside ditch 
and 6 in. above base if clean-out 
box is used. 
Outlet marker should be 3 to 5 in. 

Outlets diameter 	(or square) wood or 
concrete post protruding not less 
than 4 ft. above the surface. 
Use for mini-drain system precast 
concrete outlet designed so pipe 
is slightly above shoulder slope 
and erosion does not occur. 

1. Although a conventional collection system can be used, 
this system is recommended as an excellent alternative 

Removal of Surface Water 

Water collected by permeable drainage 
layers must be removed rapidly from beneath 
the pavement. The most positive method of 
removing this water is to use a longitudinal 
perforated or slotted collector pipe placed 
along the edge of the drainage layer. An 
excellent design alternative to a conven-
tional trench drainage collection system 
for controlling surface infiltration water 
consists of placing a 2-to 2-1/2-in. 
diameter, slotted or perforated pipe within 
the drainage layer (Fig. 43). If the 
openings in the pipe are designed using 
Eqs. 8 and 9, the drainage pipe will not 
become clogged with finer material. This 
underdrain system has the advantage of 
being relatively simple to construct, 
thereby minimizing the possibility of a 
poorly functioning system. Transverse 
outlet pipes should be provided approxi-
mately every 200 to 300 ft. to remove the 
water. For this spacing of transverse 
drains, the relatively small 2-to 2-1/2-in. 
diameter pipe will have for most conditions 
sufficient hydraulic capacity to handle 
surface water. 

A 2-in, diameter pipe collection system 
placed on a 1% slope has a discharge 
capacity of approximately 10,000 to 15,000 
gpd. During short periods of peak rainfall 
such a collection system might not remove 
water from the permeable layer as rapidly 
as it enters, and hence, could back water 
up in the system. This water, however, 
would very quickly drain from the permeable 
layer as the rainfall intensity decreased. 

Transverse Drains 

Water that has infiltrated beneath the 
pavement moves in the direction of the 
steepest slope. As the longitudinal slope 
of the pavement increases, the length of 
of the flow path to the edge of the pave-
ment also increases. Due to the longi-
tudinal component of flow, water collects 
at low points in the vertical aligr(ment 
and can frequently be seen seeping from the 
cracks and joints in pavements near the 
bottom of hills. 

Positive removal of this flowing water 
from low points is therefore recommended 
in areas having an average annual rainfall 
g.reater than about 20 to 30 in. A single 
transverse drain is recommended at the 
low point for two-lane pavements having 
longitudinal slopes equal to or less than 
2%. For longitudinal grades between 2 and. 
5%, a transverse drain should be located at 
the low point and also 100 ft. to either 
side. These recommendations should be 
considered as minimums if other provisions 
are not made to prevent the accumulation of 
water at low points in the longitudinal 
grade. 

Integrated Structural Design 

The shoulder should be designed by an 
accepted procedure to have the structural 
strength required to withstand the expected 
encroachment of mainline truck traffic. 
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In selecting a specific type of structural 
section, consideration should be given to 

environmental factors, 
subsurface drainage conditions 

including permeability of the subgrade and 
the possible presence of a high groundwater 
table, and 

the presence of expansive clay or 
frost susceptible subgrade soils. 

Detailed recommendations have been 
given previously for the structural design 
of the shoulder, sealing the longitudinal 
pavement-shoulder joint, and for providing 
adequate subsurface drainage. The typical 
sections shown in Figure 43 are given only 
as a guide for shoulder design. For every 
geological and environmental region, the 
factors cited above must be considered, 
and a structural section selected that will 
optimize performance and result in an 
economical design for the conditions exist-
ing along the roadway. 

The most important factor is to use a 
shoulder section designed with sufficient 
strength to carry the expected number of 
truck encroachments. The basic structural 
design can then be supplemented using 
drainage and/or sealing depending on the 
existing local conditions. 

Subsurface drainage in at least the 
vicinity of the longitudinal joint is 
particularly desirable in areas having high 
rainfall or expansive subgrade soils. 
Undoubtedly, more use should be made of 
structural sections that incorporate 
subsurface drainage systems such as those 
illustrated in Figure 43. In areas having 
expansive clay subgrades or frost-
susceptible soils, sawing and sealing the 
longitudinal joint to keep water out is 
both practical and desirable provided a 
continuously reinforced pavement is used 
or else the transverse joints are sealed 
and properly maintained. Any of the 
structural sections shown in Figure 43 can 
be constructed with sealed longitudinal 
joints. Previous studies [22], however, 
indicate that greater benefits are gained 
by sealing the weaker structural shoulder 
sections. 

The comparative advantages of sealing 
and/or providing subsurface drainage will 
have to be established from performance 
records for shoulders which are designed to 
carry the encroaching traffic. Since a 
subsurface drainage-system can remove both 
infiltrated surface water and also ground: 
water, the postulation is made that in 
areas of high rainfall use of subsurface 
drainage may result in better pavement 
performance than sawing and sealing the 
joint, particularly if the anticipated 
standard of joint maintenance is not 
realized. 

Field Experiment Design 

The shoulder structural section 
selected and the use or omission of sub-
surface drainage and/or sealed longitudinal 
joints all influence the performance of the 
shoulder. At the present time, the 
relative influence is not known of the 

varipus combinations of design alternatives 
(c.f. Fig. 43) on performance. Therefore, 
a series of carefully designed and monitored 
experimental shoulder projects is desirable 
to establish at this time the relative 
performance for various improved designs. 
An experimental design is presented in this 
section for a full-scale field investigation 
of the performance of improved pavement-
shoulder sections for a range of environ-
mental factors. The proposed experimental 
shoulder study is outlined ingeneral terms 
and will require adjustments to fit avail-
able funds and the specific geological, 
environmental, and other conditions existing 
at the selected sites. General recommenda-
tions are given for evaluating performance 
of the experimental shoulder sections. 

The experimental study should be 
located on a typical four-lane divided 
highway that satisfies the requirements for 
an experimental test section, including 
reasonably uniform subgrade and drainage 
conditions. The outside shoulders on both 
sides of the median probably should be 
utilized in the experiment. Randomly 
placed replicate sections are recommended 
to facilitate interpretation of the experi-
mental results and to ensure findings that 
are reasonably representative of existing 
conditions. The test sections should not 
include any discontinuities such as drainage 
structures or bridges. The minimum length 
of each individual experimental shoulder 
section should be 200 to 400 ft. and be 
separated by a transition section. If a 
transition is not used; the experimental 
sections could be lengthened to minimize 
the effects of the discontinuities at their 
ends. 

Factorial Design 

Environmental factors related to the 
amount of rainfall, frost condition, and 
temperature variation were found to have a 
significant effect on pavement performance. 
If two levels of each of these variables 
are considered, a full factorial experiment 
including all variables would require 
eight experimental sections to be construct-
ed in the different environmental regions 
indicated in Table 24. The environmental 
conditions encountered in a large portion 
of the United States, however, can be 
included in a study involving experimental 
sections constructed in only the following 
areas: the Southeast, Midwest or Northeast, 
Southwest and West having the climatic 
conditions indicated in Table 24. A more 
detailed study could be conducted in two 
regions to evaluate the design alternatives 
under varied environmental conditions. For 
such a study, the Northeast or Midwest 
where moderate precipitation and low 
temperatures prevail, and the Southeast 
where high rainfall and moderate tempera-
tures occur could be selected to detethine 
the effectiveness of the improved designs 
under conditions of severe temperature and 
high rainfall. 	 - 

Design sections that could be used in 
each region are also indicated in Table 24.. 
The small letters in Table 24 refer to the 
typical structural shoulder sections given 
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in Figure 43. The wheel loadings, mainline 
pavement design, dimensions of the sealants, 
construction methods, and type subgrade 
could all be held constant to reduce the 
total number of variables in the experiment. 
Additional variables that could be readily 
incorporated would include use of local 
materials and emulsified asphalt stabilized 
bases. Final selection of the sections to 
include in the experimental design should 
take into account the expected mainline 
traffic, local site conditions, and the 
practices and experiences of the transpor-
tation agency participating in the experi-
ment. Available funds for the project 
would also be an important consideration 
in establishing the total number of test 
variables. 

Shoulder sections having a sealed 
longitudinal joint (denoted in Table 24 by 
the suffix "S") should use as the basic 
design a 1-in, wide by 1-in, deep sawed 
joint constructed and sealed according to 
the specifications given in Appendix F. 
An improved rubber-asphalt sealant having 
characteristics similar to those tested in 
the laboratory qtudy is recommended as the 
primary sealant to be used in the experi-
ment. Additional sealants and joint 
dimensions could also be investigated, if 
permitted by the scope of the experiment. 
The field observations and previous joint 
studies indicate that the proposed primary 
joint design should give good performance  

and could serve as a valid basis for com-
paring sealed longitudinal joints with 
other design alternatives. 

Evaluating Structural Shoulder Performance 

Subjective ratings of performance of 
the experimental shoulder sections should 
be determined each year as recommended by 
Moody et al. [99]. The riding quality 
of both the shoulder and mainline pavement 
should be measured using a roughometer. 
Quantitative crack surveys of both the 
mainline pavement and shoulder should be 
made each year including the amount of 
longitudinal, area, and transverse cracks 
and their general location on the shoulder. 
In addition, sealant performance records 
should be maintained including the type 
failure and length of failed sealant. 
Measurements of absolute shoulder movement 
and shoulder movement relative to the 
adjoining pavement should be made for 
comparing the effectiveness of various 
design alternatives to reduce shoulder 
settlements and heave, due to frost action 
and expansive clay subgrades. The average 
permanent vertical and transverse movements 
of the shoulder, both absolute and relative 
to the pavement, should be measured each 
year during the same season(s). During 
construction, extensive field control tests 
such as gradation, density, asphalt content 

Table 24. General location of experimental sites in principl factorial design. 
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Notes: 1. Letters given refer to sections given in Figure 43. 
2. S indicates a sealed longitudinal joint. 
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and permeability should be performed on 
the materials used in each shoulder section. 
Standard laboratory tests should also be 
performed on the sealant(s) used in the 
longitudinal joints. 

Measurement of the transverse, vertical 
and longitudinal cyclic joint movements at 
regular intervals during at least the 
first year is desirable. Further, more  

sophisticated-laboratory tests could also 
be made such as fatigue tests, repeated 
load triaxial tests, and the proposed 
environmental cyclic bond tests. Although, 
such studies would be quite useful, defini-
tive comparisons of the relative perfor-
mance of the experimental sections could 
be made based on just field performance 
records. 

CHAPTER FOUR 

CONCLUSIONS AND SUGGESTED RESEARCH 

Conclusions 

The longitudinal pavement-shoulder 
joint problem is complex and the cause of a 
considerable amount of shoulder distress 
and need for extraordinary maintenance. 
The severity of deterioration of the 
shoulder in the vicinity of the longitudinal 
joint appears to be significantly influenced 
by a number of factors including the 
following: 

the strength and type of the 
structural shoulder section, 

traffic usage on the shoulder, 
environmental factors, 
subgrade conditions, 
maintenance performed; and in some 

instances 
the design features of the main-

line pavement. 

The ervironmental factors that appear to be 
most important are severe winters and high 
rainfall. 

Field observations have shown that 
shoulder distress is primarily concentrated 
within approximately two feet of the longi-
tudinal pavement-shoulder joint. The 
distribution of truck traffic encroaching 
on the shoulder has been found to very 
closely coincide with the location of 
primary shoulder cracking. These and other 
findings indicate that a signifidant part 
of the structural damage occurring near the 
longitudinal joint is the result of heavy 
truck loadings being applied on the shoulder 
near the longitudinal joint. Since the 
structural damage is located near the joint, 
a variable strength section can be used for 
the shoulder. A separation (crack) usually 
develops between the shoulder and the pave-
ment Water entering through this 
separation and at other locations can cause 
deterioration and/or erosion of base and 
subbase materials, and the subsequent 
cracking of the shoulder and even the main-
line pavement in the vicinity of the joint. 
Pavement distress near the longitudinal 
joint related to deterioration and pumping 
was found to be a particularly severe 
problem in cement treated bases in areas 
having high rainfall. Pavement distress was  

also found to be an important problem in 
pozzolan and cement-treated bases due to 
disintegration of the base in the presence 
of brine from deicing salts. In a number of 
instances settlements of the shoulder as 
great as 2 in. were found to occur in 
sections having thick layers of unstabilized 
granular materials. 

Integrated Shoulder Design 

Design approaches that can be taken to 
minimize the problem experienced at the 
longitudinal joint include either one or a 
combination of the following: 

select an adequate structural 
section; 

saw and seal the longitudinal 
joint; and 

provide a positive means for 
removal of water from the vicinity of the 
longitudinal joint. 

Use of full-depth asphaltic concrete and 
portland cement concrete shoulder sections 
can greatly reduce distress near the 
longitudinal joint. These sections 
generally satisfy or almost satisfy the 
theoretically required structural numbers 
given by the AASHO design equations. The 
shoulder in the vicinity of the longitudinal 
joint can and should be structurally design-
ed to carry the anticipated truck traffic 
encroaching on the shoulder using for at 
least the present time available pavement 
design methods. In the absence of more 
reliable usage data, shoulders in rural 
areas with free-flowing traffic characteris-
tics should probably be designed for at 
least 2 to 2.5% of the mainline truck 
traffic. 

The basic structural design may be 
supplemented using drainage and/or sealing 
depending on existing local conditions. 
In selecting an integral shoulder design, 
consideration should be given to the 
following factors in addition to traffic 
loadings: 
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the environment; 
subsurface drainage conditions 

including permeability of the subgrade and 
presence of groundwater; and 

presence of expansive clay or 
frost-susceptible subgrade soils. 

A design should be developed for each set of 
conditions which will optimize performance 
and minimize cost. Typical shoulder sections 
developed for use as a guide- in design are 
given in Figure 43. 

Sealing 

A properly sealed and maintained longi-
tudinal pavement-shoulder joint can 
effectively minimize infiltration of water 
through the joint. Limited studies have 
shown that cracking and heaving of the 
shoulder can be reduced by sealing the 
longitudinal joint [20,22,25]. sealing the 
longitudinal pavement-shoulder joint 
probably offers little benefit, however, 
unless either the transverse joints in the 
mainline pavement are also effectively 
sealed or a continuously reinforced pave-
ment is used. Water entering joints in the 
mainline pavement almost certainly will 
eventually move to the edge. Sealed 
longitudinal jdints should only be construct-
ed if adequate maintenance is provided for 
both the longitudinal and transverse mainline 
joints. Properly sealed longitudinal pave-
ment-shoulder joints will generally require 
resealing every three to four years. 

Presently available sealants should 
not be subjected to more than about 20 to 
25% strain, Considering the measured joint 
movements and observed field performance, 
a joint groove width of approximately 1 in. 
is required for relatively small perrnenent 
shoulder settlements; for large settlements 
an even wider groove is necessary to 
maintain an effective seal. Sealants and 
sealing installation should meet the 
suggested specifications for sealing the 
longitudinal joint with a hot pour elastic 
type sealant given in Appendix F. If 
previous experience indicates relatively 
large shoulder settlements will occur, 
longitudinal joints should not be sealed 
until after this settlement has essentially 
stopped. 

The results of the laboratory tests 
indicate the following sealant performance 
of the specific, commercial sealants tested 
in order of decreasing level of acceptance: 

"polyurethane; 
improved rubber-asphalt; 
"polyvinyl chloride; and 
"regular rubber-asphalt. 

Although the polyurethane sealant performed 
significantly better in the laboratory 
than the others, this sealant has an 
installed cost of approximately 2 to 2-1/2 
times the cost of improved rubber-asphalt. 
Based on the results of observed field 
performance and the laboratory sealant 
studies, the improved rubber-asphalt 
sealants can effectively seal the longitudin-
al joint for three to four years and offers 
an economical alternative to the more 

expensive sealants. For a l-in.-by 1-in. 
sealant well, this type sealant would have 
a total installed cost at the present time 
of approximately 30 to 45/fL. An econom-
ical maintenance approach that has been 
found to work satisfactorily with rubber-
asphalt sealants is to apply either liquid 
or catalytically blown asphalts over the 
original rubber-asphalt sealant. 

Laboratory Sealant Tests 

The sealant in a longitudinal joint 
during its lifetime may be subjected to as 
many as 200 to 400 effective cycles of 
movement (exclusive of traffic-related 
movement) in addition to normal environmen-
tal weathering. Laboratory and field 
investigations conducted during this study 
indicate that current laboratory testing 
procedures do not give a true indication of 
sealant performance in the field. Sealant 
specifications given in Appendix F can be 
used until further improvement in testing 
is made. Included in these specifications 
is the five-cycle bond test performed at 
100% extension and 00F, and also an 
independent artificial weathering test. 
Both a portland cement block and an asphal-
tic concrete block should be used in this 
test to insure compatibility of the sealant 
with both materials and give the limiting 
bond strength to the two different surfaces. 

Truck encroachment on the pavement 
shoulder, together with jerky thermal move-
ment of the pavement, will cause sudden 
relative movements between the pavement and 
the shoulder. As a result, a sealant is 
subjected to sudden loadings that cause a, 
britte-type failure when the sealant is 
cold. Either the incremental stress 
relaxation test developed during this study 
or the Minnesota impact test is recommended 
for evaluating the resistance of a sealant 
to brittle failure. 

The cyclic environmental test peformed 
during this investigation or a similar test 
should be adopted as soon as possible. This 
test would be expected to replace the 
conventional bond test because of closer 
simulation of the cyclic field deformation 
and environmental conditions. The cyclic 
environmental test should be performed on 
artificially weathered test specimens. To 
simulate the wet and/or humid conditions 
likely to exist in the field, a high 
relative humidity should be used during 
the test. 

Subsurface Drainage 

In most instances, deterioration of the 
shoulder in the vicinity of the longitudinal 
pavement-shoulder joint is considerably 
more severe when a significant quantity of 
water is present beneath the pavement and 
shoulder structure. Important factors that 
affect the severity of the water-associated 
problems include the amount and distribu-
tion of rainfall, frost heaving, expansive 
clay subgrades, and the strength and type 
of the structural shoulder section. Rapid 
removal of water from beneath the pavement 
structiire is an excellent method for 
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minimizing water-related deterioration. 
For the drainage system to function proper-
ly, it must have sufficient permeability and 
a positive outlet. 

Although groundwater is frequently the 
source of pavement and shoulder problems, a 
recent study by Cedergren et al. [26] found 
that infiltration of surface water into the 
pavement structure can be just as important 
as subsurface water. A typical open crack 
or joint with an unfilled reservoir beneath 
can remove 70 to 97% of the rainfall flow-
ing across the joint. Field infiltration 
measurements indicate that even under pro-
longed wet conditions a pavement resting 
on a moderately impermeable subgrade can 
have an average infiltration capacity of 
approximately 30% of the rain falling on 
the pavement. 

The occurrence of significant quanti-
ties of subsurface groundwater should in 
general be controlled by the use of a 
drainage blanket and/or an interceptor 
drainage trench. The use of a highly per-
meable granular drainage blanket 
stabilized with 1.5 to 2% asphalt offers 
an excellent means for controlling this 
type water problem. This blanket should be 
placed beneaththe normal structural 
section to have a permeability of 
approximately 8,000 to 12,000-ft./day. 

To substantially lower the water level 
in the vicinity of the longitudinal joint 
in 5 to 30 minutes, 50% of the available 
free water should be removed from a drain-
age blanket in 0.05 to 0.20-days. For a 
typical two-lane divided highway, a 
drainage blanket having a minimum permea-
bility on the order of 200 to 800-ft./day 
can generally satisfy this proposed 
drainage criterion for surface infiltration. 
Open-graded, asphaltic concrete base course 
mixes can be designed to have both good 
stability and relatively high permeabilities 
varying between approximately 800 and 2,000 
ft./day. More use should be made of drain-
age layers that can serve both as structural 
load-carrying components and as drainage 
blankets or drainage layers. Sections 
having both full-width permeable asphalt 
concrete bases and permeable shoulder drains 
of limited size appear to provide an 
efficient means for the collection and 
removal of infiltrated surface water. 
Water can be collected from these permeable 
layers by either conventional trench drains 
or a mini-drain system consisting of small-
diameter slotted or perforated pipe placed 
in the drainage layer. 

Recommended Research 

During this investigation several 
areas were found requiring additional 
reseaich. The following suggested research 
topics summarize the more pertinent 
problems which need further study: 

Experimental Test Sections. Several 
improved shoulder designs were 
developed during this study which 
should result in better pavement-
shoulder performance. The comparative 
performance of the proposed alternative 
sections is not at this time known. 
The recommendation is therefore made 
that the plan be implemented for the 
experimental study of shoulder perfor-
mancepresented inChapter 3. Detailed 
methodology and implementation pro-
cedures should be developed for 
verifying and improving the proposed 
shoulder systems. Test sections should 
then be constructed and carefully 
monitored to evaluate the effective-
ness of the improved systems over a 
period of three to five years. 

2. 	Sealant Characterization. Sealants 
having the same general name such as 
improved rubber asphalts' or 

'polyvinyl chlorides" exhibit a wide 
variation in field performance. Also, 
considerable sums are expended each 
year for sealing both new construction 
and for maintenance purposes. Because 
presently used methods for character-
izing sealants do not reliably 
indicate actual field performance, an 
important need exists for further 
refining and extending the new methods 
of sealant characterization developed 
in this study. Emphasis should be 
placed on developing environmental 
cyclic bond tests perfored on 
artificially weathered specimens which 
closely simulate the deformation and 
environmental conditions experienced in 
the field. Further study should also 
be given to brittle-type failures using 
the incremental stress relaxation test 
and Minnesota impact test. 

3. 	Truck Encroachment on Shoulder. Truck 
encroachment on the shoulder was found 
to be an important cause of shoulder 
distress. Practically no data are 
presently available on the amount of 
truck encroachment on the shoulder for 
a wide variation in conditions. An 
investigation should therefore be 
conducted to determine design values 
of truck encroachment on the shoulder 
for use in pavement design proceduroc. 

Sealant Installation Practices. Very 
little work has been performed in the 
past on the effects of installation 
methods on sealant performance. A 
thorough study is needed to determine 
the optimum methods for cOnstructing 
and cleaning joints in pavements 
and for applying commonly used seal-
ants. Variables should also be 
investigated affecting Sealant per-
formance in the field. 
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APPENDIX 'A, 

STANDARD INTERVIEW FORM 

Introduction 

The purpose of NCHRP Project 14-3 is to 
develop an improved pavement-shoulder joint 
design; a design which will both minimize 
the infiltration of water through the joint 
and at the same time minimize the deteriora-
tion of both the roadway and paved shoulder 
caused by water which does get beneath the 
pavement. These objectives are accomplished 
by carrying out the specific study outlined 
as follows: 

Determine the most suitable 
currently available procedures for 
alleviating the problems associated with 
the joint between a portland cement road-
way and bituminous-surfaced shoulder. 

Deelop and experimentally 
evaluate improved systems for minimizing 
the passage of water through the pavement-
shoulder joint. 

Develop a plan for a field study 
program(s) which could be undertaken by 
highway agencies to evaluate promising 
procedures for sealing the pavement-
shoulder joint. 

To accomplish these objectives it was 
first necessary to collect and evaluate all 
currently available published and unpublish-
ed information. On the basis of the review 
of literature, potential states were 
selected for interviews and a field survey 
of the pavements. Because of the complex 
nature of the problem it was necesary to  

develop the attached Standard Interview 
Form (SIF) for circulation to selected 
state highway agencies. After each state 
had an opportunity to review the inter-
view form, representatives from Georgia 
Tech and/or from the University of 
Michigan met with representatives of 
each state for purposes of obtaining the 
desired information. 

The interview form was designed in 
such a way as to: 

Identify problems associated 
with the longitudinal pavement-shoulder 
joint. 

Evaluate existing design, 
construction and maintenance procedures for 
minimizing detrimental effects of water. 

Evaluate existing systems for 
sealing the longitudinal joint. 

Although the intent of this project 
was to obtain information relative to 
design, construction and maintenance a 
they are currently being applied, specula-
tion as to the possibility for future 
research was encouraged. To expedite the 
interview, it was recommended that the 
interview form be studied before the on-
site visit and pertinent technical informa-
tion and/or publications be collected. The 
attached interview form, however, was filled 
out by each member of the interview team 
during the interview. 

INTERVIEW FORM 

NCHRP Project 14-3 
Improved pavement-Shoulder Design 

Date 
	 Interviewers 

Organization: 

Officials: 

Address: 

I. GENERAL 

1. 	Identify types of problems associated with pavement-shoulder joints: (a) faulting, 

(b) spalling, - (c) cracking, (d) other/comment 
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Identify factors affecting each type of distress indicated  

Estimate severity of pavement-shoulder joint problem: (a) very severe, (b) severe, 

(c) moderate, (d) slight, (e) none 

Is severity of the problem related to: (a) type of pavement section, (b) subqrade soil 
type, (c) frost action, (d) shoulder compaction, (e) fill or cut, (f) drainage, 
(g) climate, (h) traffic 

Comments 

Present solutions of minimizing pavement-shoulder joint problem: (a) saw and seal, 
(b) special drainage, (c) special subbase/shoulder design, (d) seal maintenance 
program, (e) other 

Possible new measures to be taken to minimize problems associated with pavement-
shoulder joint problem  

What sealant/drainage/pavement-shoulder research has your agency performed?  

II. SHOULDER-PAVEMENT DESIGN AND CONSTRUCTION 

Typical concrete pavement-shoulder sections used by your organization. Copies of 
detailed plans would be desired. Do you have standards that are not used? 

Surface Construction: 

a. thickness 

concrete pavement 	 asphalt shoulder 
concrete pavement 	 concrete shoulder 

b. joint spacing 

(i) plain PCC 	shoulder 	(ii) CRCP 

C. concrete shoulders 

tie bar size and spacing  
type and amount of distributed reinforcement 
construction methods  

shoulder 

d. Comments 

3. 	Subbase Construction: 

 type beneath concrete pavement  
thickness 	density  gradation specifications  
material specifications  

 type beneath shoulder  thickness  
density 	material specifications  
gradation specifications  

4. 	Subgrade Construction: 

 density requirements  
 material properties 	(AASHO Classification, LL, PL, 	swell, 	etc.) 

C. frost susceptible materials  
d. conditions requiring stabilization  

how stabilized 	 extent of use  

5. 	Subsurface Drainage: 

 location 
 conditions for which subsurface is used  

C. types of drains 	 diameter  joint connections  
 are graded filters used?  
 rate effectiveness of current drainage systems: 

excellent 	good 	fair  poor  
 comments 

6. 	Surface Drainage: 

 estimate effect on performance of infiltration into joints 	- 
 cross slopes: 	shoulder  pavement  
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7. 	performance of Various Systems: 

methods of establishing performance  

estimate of relative performance of various systems: 
(1) shoulder type 	(2) drainage 	(3) subbase stabilization  

8. 	Time of Year 

Is there a closed season on asphalt or portland cement concrete shoulder construction? 
If so, what are the dates and how were they established? 

III. LONGITUDINAL PAVEMENT-SHOULDER JOINTS 

Are edge joints provided for in design? If so: 

a. joint width 	b. joint depth 	c. joint shape 
d. method of construction 	 e. depth of sealant 
f. type of cord below sealant  

Are edge joints sealed? 	If so: 

a. type sealants permitted 	b. manufacturers  

Types of failures which predominate 

(a) adhesion, 	(b) tension, 	(c) intrusion, 	(d) deterioration 

Estimate cause of types of distress indicated above 

Types and amount of joint movement: (a) vertical, (b) horizontal, (c) rotational 

Procedures used to estimate or measure movements 

Causes of movement: (a) traffic, (b) moisture, (c) water, (d) temperature 

Tests used to characterize sealants  

9- 	Typical specifidations or special purpose sealants  

of these which one or two most affects field performance?  

10. Method of Sealant Installation: 

Preparation of Joint (clean, dry, etch, sand blast, etc.)  
Use of Adhesive/lubricant 	c. Method of mixing sealant  
Heating sealant: (1) Temperature 	 ; (2) Method  
Method of Applying Sealant  
Installation problems  
Possible corrections  

11. Shoulder-Joint Performance 

a. Effect of Sealant Type, b. Joint Spacing (ft.), c. Regular or Skew Joint, 
d. Joint width, e. Joint Depth, f. Joint Shape 

12. Typical Costs: 

a. Installation 	b. Material  

13 	Time of Year Installed  

14. Effect of deicing salts  

IV. TRANSVERSE JOINTS 

1. 	Transverse JOint Design 

a. Joint Spacing 	(ft.), 	b. Regular or Skew Joint  
C. Joint Width 	 , d. Joint Depth 	 , e. Joint Shape  
f. Estimated joint movement 	 (in.) 
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2. 	Transverse Joint Material 

a. Type Sealants 	 Manufacturers 

	

3. 	Tests used to characterize joint materials 

	

4. 	significant properties 

	

5. 	Method of joint construction 

a. Formed 	, 	b. Sawed 	, C. Age at sawing 	(days) 
d. Depth of sealant 	(in.), e. Type cord used below sealant  

	

6. 	Method of Sealant Installation 

Preparation of joint (clean, dry, etc.)  
Use of adhesive/lubricant  

C. Heating sealant: a. temperature 	b. method 
Mixing sealant  
Method of applying sealant  
Time of year installed  

	

7. 	Joint Performance 

Estimated life 	(yrs.) 
Overall rating: 1. excellent 	, 2. good 	, 3. fair 	, 4. poor  

C. Failure modes: 1. adhesion 	, 2. cohesion 	, 3. intrusion 
4. seal pulling out 	, 5. spalling 	, 6. general 

deterioration 
d. Are you considering changing specifications, joint materials, or installation 

methods? 

	

8. 	Typical Costs 

a. Installation 	Material  

V. SHOULDER MAINTENANCE PRACTICES 

	

1. 	When is maintenance required? 
How is this determined? Objectively 	Subjectively  

	

2. 	Type of maintenance provided  
If sealants: a. type 	b.. method of installation  

	

3. 	Method used to determine when major maintenance is required  

a. types of construction 	 extent 

	

4. 	Are sealant properties and ciiteria differen from those used for new construction? 
If so, how?  

	

5. 	Estimate cost to maintain shoulder: 	a. sealant 

b. patching 	c. reconstruction 

	

6. 	Additional shoulder maintenance 
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STUDY OF SHOULDER ENCROACHMENT 

Data summarized in this Appenidix with 
Permission of Donald K. Emery, Georgia 
Department of Transportation 

Introduction 

Truck encroachment is a major cause of 
the observed cracking and settlement in the 
vicinity of the shoulder joint. (The term 
"encroachment is restricted to continuous 
movements of truck traffic and does not 
apply to movements for the purpose of 
stopping) . Despite the apparent relation-
ship between traffic loading and shoulder 
distress, little has been done to develop a 
formal approach for designing structural 
shoulder sections. Early studies concerned 
with transverse placement of trucks used 
the data only for the design of the mainline 
pavement. Only recently has consideration 
been given to applying traffic usage data 
to design the shoulder section [39]. The 
objectives of t.his study were twofold: 

to determine on the basis of actual 
observations, the amount and extent of 
shoulder encroachment by trucks; and 

to develop criteria which pavement 
designers can use to more realistically 
arrive at an optimal design of the paved 
shoulder. 

This study consists of summarizing 
observations of transverse truck placement 
on rural freeways with free-flow 
characteristics (i.e., a volume not exceed-
ing 1200 VPH per lane and vehicle running 
speeds greater than 60 mph) - Much of the 
work reported herein was conducted by the 
Georgia Department of Transportation under 
the direction of Donald K. Emery, Jr. [39]. 
A similar study of more limited scope was 
conducted at the University of Michigan [42] 
All observations relate to rural freeways 
and should not be considered applicable for 
other types of facilities. 

Procedure 

For the study performed in Georgia, 
trucks were selected at random and followed 
by observers for 10 miles. Those trucks 
not completing a full 10-mile trip were 
dropped from the analysis. Records were 
made of the time on the shoulder to 
determine the longitudinal distance for 
each encroachment. Estimates of transverse 
encroachment with respect to the shoulder 
joint were made using the dimensions shown 
in Figure B-i. All dimensions were obtain-
ed from measurements made at several truck 
terminals in the Atlanta, Georgia, area. 
Transverse mainline lane placements were 
also recorded, one per mile, giving a total 
of 10 transverse measurements for 10 sample  

miles. 
In the study conducted by the Georgia 

DOT,a total of 205 trucks were followed for 
the 10-mile distance in a total of nine 
states; 60% of the trucks followed were on 
PCC mainline paving while 40% were on AC 
mainline paving (Table B-i). A comparison 
in truck classification between the randomly 
selected samples and two continuous count 
stations in Georgia was made to ensure a 
representative sample. As shown in Table 
B-2, the comparison is reasonably close 
with the exception of the two-axle single 
unit trucks. 

10.00 x 20 
TIRES 

0 ESTIMATED OFFSET DISTANCE 

REFERENCE POINT. 

\\\TROCKBODY\ (EDGEOF TRAVEL 

R-T.RE 

AXLE 	
SHOULDER 

LANE PAVING 

PAVED SHOULDER 

Figure B-i. Typical wheel configuration and 
estimated offset distance. 

Results 

Table B-3 summarizes information on 
outside shoulder encroachments by shoulder 
type; 65% of all trucks encroached on the 
shoulder sometime during the 10-mile study 
length. The percentage was similar for 
asphaitic concrete (AC) and bituminous 
surface treatment (BST) shoulders 
indicating that rough textured shoulders 
do not necessarily discourage encroachment 
on the shoulder (Table B-3) . A total of 677 
encroachments were observed, or an average 
of approximately five encroachments per 
vehicle for the 10-mile study length. 

Table B-4 summarizes the number of 
outside shoulder encroachments by truck 
type while Table B-5 gives encroachments in 
terms of type of terrain. The results 
indicate that certain types of trucks are 
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Table B-l. Study sample distribution by 
state and typeof travel lane paving. 

Type of Travel Total Number of 
State Lane Paving Samples 

PCC AC No. 

Ga. 96 14 110 53.7 
Fla. 5 44 49 23.9 
N.C. 9 3 12 5.9 
S.C. 2 13 15 7.3 
Mass. - 8 8 3.9 
Conn. 4 - 4 1.9 
Pa. 4 - 4 1.9 
Va. 2 - 2 1.0 
Me. - 1 1 0.5 

Total 122 	 83 	205 	100.0 

Table B-2. Comparison of truck classifica-
tion between study trucks and two continuous 
count stations. 

Truck Study. Trucks * 	C.C. 
Number Percent Class Stations 

2A SU 45 21.9 13.7 
3+A SU 8 3.9 .3.0 
3A MU 10 4.9 4.7 
4A MU 31 15.1 21.5 
5+A MU 111 54.1 	

j 
57.1 

Total 205 100 100 

*One station on 1-85, 80 miles northeast 
of Atlanta, and one station on 1-75, 	100 
miles south of Atlanta. 

more likely to contribute to a higher 
incidence of shoulder encroachments. For 
example, 83% of the four-axle multiple 
units encroached on the shoulder an 
average of 4.7 encroachments pdr vehicle. 
Although 60% of the three-axle multiple 
units encroached they do so an average of 
8.5 times. Type of terrain also had a 
significant effect on the number of 
encroachments. A higher incidence of 
horizontal curves in rolling terrain appear 
to have contributed to the high encroach-
ment ratio. The high incidence of median 
shoulder encroachment in flat terrain 
appears to be due to the increase in 
number of passing movements. 

Results of the Michigan study [42], 
although not included here, indicated a 
greater number of encroachments on right-
turn curves. The superelevation, combined 
with the turning movements, caused the 
rear wheels to frequently encroach on the 
shoulder. Left-turn curves were found not 
to result in encroachment unless the truck 
was in the passing lane. 

Table B-6 summarizes frequency, time, 
longitudinal distance and transverse 
placement for both outside and median 
shoulders. Even though the time on the 
shoulder during each encroachment differs, 
the higher running speed of trucks in the 
passing lane accounts for the similar 
longitudinal encroachment distance. The 
average transverse encroachment was 0.58 
ft. for the outside shoulder and 0.50 ft. 
for the median shoulder. The actual 
distribution for the outside shoulder is 
shown in Figure B-2. A considerable 
amount of traffic is found to operate on 
the outside shoulder out to a distance of 
approximately 12 in. from the longitudinal 
joint. 

Design Criteria for Shoulders 

The data on shoulder encroachment can 
be used to develop a design traffic number 
in terms of percent of mainline traffic. 
For example, consider the traffic condi-
tions existing at Perry, Georgia (Table 
B-7) and the previously observed 3.3 

Table B-3. Summary of outside shoulder 
encroachments by shoulder pavement type. 

Type 	of 
Shoulder 
Paving 
A.C.(1Y 	B.S.T 2) 	Total 

Number of 129 76 205 Samples 

Number of 
Trucks 83 50 133 
Encroaching 

Percent of 
Trucks 64.3 65.8 64.9 
Encroaching 

Number of 
Encroach- 398 279 677 
ments 

Average - 
Number of 
Encroach- 4.8 5.6 5.1 ments Per 
Truck 
Encroaching 

Average 
Number of 
Encroach- 3.1 3.7 3.3 
ments Per 
Truck 

Average 
Vehicle - - 	. 64 
Speed, mph 

Asphalt Concrete 
Bituminous Surface Treatment 

outside shoulder encroachments per truck 
for 10 miles. On the average each of 
these encroachments resulted in a traveled 
distance of 384 ft. on the shoulder. As 
summarized in Table B-7 for this example, 
there are 54 encroachments each day at each 
point along the shoulder which corresponds 
to a 2.4% truck usage on the outside 
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shoulder. Since the truck wheels are con-
centrated primarily within about 12 in. of 
the longitudinal joint, use appears justifi-
ed of the full percent truck traffic for 
strubtural design. For the Perry., Georgia 
example, the required structural section 

using for illustrative purposes the AASHO 
Interim Guide for Design of Pavement 
Structures would be either 8 in. of asphal-
tic concrete over 6 in. of crushed stone 
base or 6 in. of portland cement on a 
compacted subgrade. 

Table B-4. Number of encroachments on shoulder by type of truck. 

Number of Number of Percent of Number of Average Per Average 
Type of Trucks in Trucks Trucks Encroach- Truck Encroachment 
Truck Sample Encroach- Encroach- ments Encroaching Per Truck 

ing ing  

OUTSIDE SHOULDER  

2A SU 45 30 66.7 133 4.4 2.96 
3+A SU 8 3 25.0 21 7 2.63 
3A MU 10 6 60.0 . 51 8.5 5.1 
4A MU 31 26 83.9 123 4.7 3.97 
5+A MU 111 68 64.0 349 1.6 3.14 

All Trucks 205 133 64.9 677 5.1 3.30 

MEDIAN SHOULDER  

2A SU 45 5 4.4 8 1.6 0.18 
3+ASU 8 2 25 4 2 0.5 
3AMU 10 3 30 3 1 0.3 
4A MU 31 3 ' 	6.5 9 3 0.3 
5+A MU 111 19 16.2 28 1.5 0.25 

All Trucks 205 32 13.2 52 1.6 0.25 

Table B-5. Encroachments on outside shoulder by terrain type. 

Total No. No. of Trucks No. of Encroach- Avg. No. Average 
Terrain of Trucks Encroaching 	. ments Per Truck Per 

Encroachment Truck 

Flat 67 43. 190 4.42 2.84 

Rolling 134 87 480 5.52 3.58 

Hilly 4 3 7 2.33 .1.75 

Total 	205 	 133 	 677 	 5.09 	 3.30 

Encroachments on Median Shoulder by Terrain Type 

Total No. of Trucks Avg. Number of 	. Total No. Average 
Terrain Encroach- Encroaching Encroachment of Encroachments 

ments Per Encroach- Trucks Per Truck 
ing Truck . 

Flat 30 14 2.14 67 0.45 

Rolling 21 17 1.24 134 0.16 

Hilly 1 	1 1 1 4 0.25 

Total 	52 	 32 	 1.63 	 205 	 0.25 



Table B-6. Summary of truck encroachments 
on paved shoulders. 

Outside 	Median 
Shoulder 	Shoulder 

Avg. Number 
of Encroach- 
ments Per 3.30 0.25 
Truck in 10 
Miles 

Avg. Time on 
Shoulder Per 
Encroachment sec. sec. 

Avg. Longi- 
tudinal Dis- 
tance on 384 ft. 344 	ft. 
Shoulder Per 
Encroachment 

Avg. Trans- 
verse Distance 
on Shoulder 0.58 	ft. 0.50 	ft. 
Per Encroach- 
ment 

EDGE OF TRAVEL LANE 	 = 0.58 ft (NO LIMIT) 

0. 50 ft 

160 -71 X=0.46ft (LIMIT OF 12) - 
. 0.23 It 

40 
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67 
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ENCROACHMENT ON OUTSIDE SHOULOER (INCHES) 

Figure B-2. Distribution of outside 
shoulder encroachments. Table B-7. Example calculation of traffic 

on paved shoulder. 

1-75 at Perry, Georgia 

AADT, 1973 22,966 

Design Trucks 19.5% 

Design Trucks 
(one way) 

2239 

Number of Outside 
Shoulder Encroach- 7389 ments Per Day 
(in 10 mile segment) 

Total Encroachment 
Distances in 10 2,837,376 	ft. 
Miles 

Number of Encroach- 
ment for Given PT. 54 

Shoulder Truck Traffic 

Mainline Truck Traffic 2 4 

2239 
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APPENDIX C 

MEASUREMENT OF LONGITUDINAL PAVEMENT-SHOULDER JOINT MOVEMENTS IN 

GEORGIA MICHIGAN 

Introduction 

The factors which affect longitudinal 
pavement-shoulder joint performance vary 
widely with climate, design and construc-
tion practices. However, the basic mecha-
nisms of failure are generally the same, 
although the relative importance of these 
mechanisms may vary greatly. A joint not 
completely sealed will allow water to 
infiltrate into the underlying materials. 
The effects of this water along with 
traffic loads and the environment result in 
faulting of the portland cement concrete 
slab, and settlement and/or cracking of the 
asphaltic concrete shoulder. This appendix 
describes measurements of movement at the 
longitudinal shoulder joint. The purpose 
of making these measurements was to develop, 
design criteria to assure improved perfor-
mance of a sealed longitudinal joint. 

The following types of relative move-
ment occur between the mainline pavement 
and asphaltic concrete shoulder (Fig. C-l) 

Transverse movement (TPS) perpen-
dicular to the pavement edge; 

Longitudinal movement (LPS) parallel. 
to the pavement edge; 

Vertical movement (VPS); and 
Rotational movement (RPS) perpen-

dicular to the longitudinal joint of the 
concrete slab relative to the shoulder. 

Transverse movement of the mainline pavement 
at the contraction joint of the concrete 
slab (TPP) is also important since it 
influences the behavior of the pavement-
shoulder joint. Further, both a cyclical 
and permanent joint movement occurs. This 
study was concerned primarily with cyclical 
movements. EstimatOs of movements due to 
frost action and settlement are reported 
elsewhere in this report. 

The field measurement program was 
designed to evaluate on a preliminary basis 
the effect on joint movement of the factors 
given in Table C-i. Movement measurements 
were made at three locations in Georgia and 
two locations in Michigan over a period of 
1-1/2 years. Techniques were developed to 
predict the important components of move-
ment, and these predictions were compared 
with actual field measurements. The field 
measurements were also used to examine the 
effect of joint movement on design factors. 

Theoretical Prediction of Pavement-Shoulder 
Joint Movement 

Transverse Pavement-Shoulder Joint Movement 

Thermal Effects. Under normal condi-
tions, thermal expansion and contraction of  

the portland cement concrete and asphaltic 
concrete surfacings should have the most 
influence on the transverse (TPS) movement. 
The coefficient of thermal expansion for 
portland cement concrete (PCC) can vary 
between 2.3 to 5.6 x10 6/°F [43]. The 
coefficient of thermal expansion for 
asphaltic concrete (AC) has been measured 
by several investigators [44, 45, 461 and 
found to vry between 10.6 and 16.3 x 106/ 
OF. Upper bound estimates of movement due 
to temperature changes alone can be obtained 
assuming that the portland cemeitt concrete 
(PCC) and asphaltic concrete rest on a flat, 
frictionless uniform support and are 
subjected to a uniform temperature through-
out the slab. For this condition, the 
center of each slab remains stationary with 
the edges undergoing a maximum displacement 
due to temperature changes. Consequently, 
the theoretical change in joint width under 
such conditions would equal: 

LW = AT(L c 	a 

	

e +L e ) 	 (C-l) 
c a 

where: 

AW = Change in joint width 
AT = Change in average slab 

temperature 
L = Dimension of active pavement 

slab (PCC) 
L = Dimension of active shoulder 

slab (AC) 
e = Thermal coefficient of 
c 	avement slab (PCC) 
e = Thermal coefficient of 
a shoulder- slab (AC) 

The active length for the PCC slab and AC 
shoulder may be difficult to determine. If 
the lanes of a two lane divided PCC pave-
ment are rigidly held by tie bars, the 
expansion and contraction would be expected 
to be symmetrical about the centerline 
longitudinal joint with the active length 
being approximately 12 ft. Graham [47], 
however, found in New York State that the 
longitudinal centerline joint is active. 
For a temperature range of 1090F, the 
average measured movement at the sawed 

0 
center joint was 0.0365 in. For the 109 F 
temperature range and a thermal coefficient 
of 5.5 x 10 6/°F, the effective slab length 
to cause this average movement is 5 ft., 
or 2.5 ft. on each side of the joint. 
Based on these measurements, an active slab 
length of 9.5 in. affects the width change 
of the shoulder joint (Fig. C-2) . The 
asphaltic concrete is assumed not to move 
at its centerline, and therefore has an 
active length approximately equal to one 
half of the shoulder width. 
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Figure C-3 summarizes calculations for 
estimated transverse movements due only to 
temperature changes. If thermal expansion 
were the only important factor, these 
results should give an upper bound estimate 
of the TPS movement for PCC pavements with 
a 24-ft. width and a 10-ft. AC shoulder. 
The actual movements would vary with the 
value of the coefficient of expansion. 
Further, the values of movement given in 
Figure C-3 do not include the effects of 
friction, are valid only for cyclic 
movements and do not consider long-term 
movements or changes in geometry due, for 
example, to crackincs. 
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Figure C-i. Components of pavement-shoulder 
joint movement. 
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Figure C-2. Model for active slab width for 
transverse pavement-shoulder joint movement. 

Moisture Effects. The average moisture 
content of both PCC and AC slabs tend to be 
higher during cool, moist seasons and lower 
in the warm, dry summer months. Field data 
from Minnesota [48] indicates a 1% change in 
moisture is approximately equivalent to a 
20°F change in temperature (a coefficient of 
expansion of 1.1 x 10- /% change in moisture  

content). Variation in moisture content in 
a PCC slab may have a large effect on 
dimensional change with the variation 
depending upon slab location and other 
factors. On the other hand, asphalt cement 
stabilizes and waterproofs the aggregate in 
a compacted mix, and as a result this type 
of mix should not be greatly influenced by 
changes in moisture. Therefore, the con-
tribution of moisture effects on joint 
movement in asphaltic concrete slabs can as 
an approximation be neglected. 

Table C-i. Significant variables consider-
ed in designing joint movement study. 

Factor Iteris to Consider 

Shoulder Layer Thickness 

Detail Material Type 
Drainage Encroachment 

Traffic Shoulder Encroachment 

Magnitude and Dis- 
Environment tribution of Rainfall 

Temperature Variations 

Mainline Joint Spacing 

Design Load Transfer 
Reinforcement Features 
Subgrade Friction 

Construction Compaction Requirements 

NO FRICTION 
= tT (I.e • Le) 

-55X bR/SF 

: ::  

5= 5= 

25 	 50 	 15 	 100 

TEMPERATURE CHANGE. Or (F( 

Figure C-3.= Estimated transverse pavement-
shoulder joint movement due to temperature 
change. 
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Early shrinkage of PCC is a well-known 
phenomenon primarily attributed to contrac-
tion during the formation of hydration 
products and due to loss of water by bleed-
ing. Early shrinkage of PCC is an 
irreversible, one-way process. A typical 
shrinkage curve for controlled conditions 
is shown in Figure C-4. Shrinkage varies 
between 0.43 x 10 	and 1.37 x 10 4/°F at 
six months accordinq to laboratory measure-
ments by Carlson [49] and Carsberg and Velz 
[48]. A maximum shrinkage coefficient of 
1.4 x 10-  can be used for an estimate of 
early joint opening unless specific shrink-
age coefficients have been measured. An 
important amount of early shrinkage of the 
PCC in some instances may occur before 
construction of the AC shoulder. Shrinkage 
of asphaltic concrete can probably be 
neglected. 

The pavement-shoulder joint movement 
is also affected by other factors, includ-
ing subgrade friction, long-term dimensional 
changes, amount and €ype of reinforcement, 
load transfer devices and slab geometry. 
The effects of these factors,. however, are 
too complicated to quantify at the present 
time. 

Total Average Transverse Movement. The 
total theoretical transverse movement of 
the joint can be taken as the sum of (1) 
thermal movement, (2) moisture movement, 
(3) shrinkage, and (4) other causes. Using 
these variables the average TPS movement 
can be calculated by the following 
equation: 

LW = LT(L e +L e ) - (L M +L M cc aa cc aa 

+ (L N + L N ) + (L K + L K cc aa cc aa 
(C-2) 

= L (ATe -M +N +K c c c c c 

+ L (ATe -M +N +K a a a a a 

where: 

L L 	= Active width of PCC and AC c a slabs 
= Effective temperature 
differential or range 

e ,e = Thermal coefficients of PCC 
C a and AC 
M,M = Moisture expansion coeffi- 

cients of PCC and AC 
NcNa = Initial shrinkage coefficient 

for PCC and AC 
K ,K = Miscellaneous coefficients 

a 
 

c for PCC and AC 

Expected average total movements over a 
range of temperature differences are 
given in Figure C-5. The following 
assumptions were made in developing this 
relationship: 

1. Moisture effects and early shrink-
age of the AC shoulder are negligible; 

Thermal coefficients are constant 
with time; 

Friction on the base is negligible, 
and;'  

Other factors influencing movement 
can be neglected. 

- 100 

120 

60 

TIME (YEARS) 

Figure C-4. Measured field shrinkage of PCC 
slabs (from Carlson, 1938) 
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I 
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Figure C-5. Theoretical total transverse 
longitudinal joint movement. 

Longitudinal Pavement-Shoulder Joint 
Movements 

The longitudinal pavement-shoulder 
movement (LPS) results in relative shear 
displacement in the longitudinal direction 
between the PCC slab and the AC shoulder. 
The factors which affect the magnitude of 
this movement are similar to those given 
for the TPS movement. The• symbols used in 
developing a mathematical model for 
predicting the longitudinal movements are 
shown in Figure C-6. The longitudinal 
movement can be readily estimated if the 
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following assumptions are made: 	 load transfer devices. 

Each PCC slab is stationary at the 
center while maximum movement relative to 
the shoulder occurs at the transverse 
pavement joint. 

The AC shoulder does not have 
transverse cracks and as a result does not 
move in the longitudinal direction. 

No friction exists between the PCC 
slab and the AC shoulder. 

In this model, the relative movement in the 
longitudinal direction is due to movements 
of the PCC slab only. Estimates of the 
movement can be obtained from the following 
equation: 

LW average 	c 	c = L (ATe -M c 	c 	c +N ±K ) 	(C-3) 

where the terms have been previously 
defined. Calculated longitudinal movements 
for slab lengths of 20, 30, and 70 ft. for 
a wide range of temperature changes are 
summarized in Figure C-7. The assumptions 
made were the same as for transverse move-
ment including neglecting the effects of 
early shrinkage and moisture changes in the 
asphaltic concret.e. 

LONGITUDINAL 

L 	
PAVEMENT—SHOULDER JOINT 

1/ 

NOTES 

/ 	1. NO FRICTION ON BOTTOM 

	

SLAB I) 	 OF AC AND PCC SLABS. 

SLABS ARE CONTRACTING. 

MAXIMUM DISPLACEMENT OCCURS AT 
I 	/ 	THE TRANSVERSE PAVEMENT JOINT. 

[ 
TRANSVERSE 	

t 
/ 	- PAVMENT 

JOINT 	 I 

J PCC  

(SLAB 7)  

I2-4 I.-O—J 
Figure C-6. Model for predicting longitu-
dinal pavement-shoulder joint movement. 

Vertical Pavement-Shoulder Joint Movements 

Vertical Pavement-shoulder joint 
movement (VPS) consists of both load 
associated (dynamic) and non-load associated 
(static) components. Factors affecting each 
type of movement can be summarized as 
follows: 

(1) Non-load associated movements 
Temperature gradient in PCC slab 
Moisture gradient in PCC SLAB 
Relative volume change 
Long-term shoulder settlement 
and creep 

(2) Load-associated movements 
Load on pavement or shoulder 
Geometry of slab 
Pavement support 
Slab modulus, reinforcement and  

An important non-load associated factor 
which contributes to vertical movement is 
volume change of non-stabilized materials. 
Frost heave for example has resulted in an 
upward relative shoulder displacement 2 in. 
or more in one instance (.6] and 0.75 in. 
in another [5]. Densification of granular 
shoulder materials and creep or consolida-
tion of underlying soft foundation soils 
often results in downward relative settle-
ments of the shoulder as large as 1 to 2 in. 
[54]. Both volume change and settlements 
of the shoulder are hard to predict 
theoretically. 

LW 	L(LTC _MC *Nc K c ( 	I 
5.5 S iOTF 

5.1 0 1O 

K .0 

25 	 50 	 75 	 lOS 

TEMPERATURE CHANGE. r(P) 

Figure C-7. Theoretical average longitudinal 
pavement-shoulder joint (LPS) movement. 

Non-Load Associated Movement. Field 
measurements have clearly shown that a PCC 
slab warps (curls) either upward or down-
ward due to temperature and moisture 
gradients through the slab. As the top of 
the slab becomes hotter during the morning, 
the slab tends to warp downward on the 
edges. During the evening and early morning 
hours, the top becomes cooler than the 
bottom, and the slab warps upward. An 
increase in moisture has a similar affect 
as an increase in temperature. Because of 
the relatively flexible nature of asphalt 
concrete shoulders, the assumption is made 
that warping does not occur in this material. 

A number of years ago, Westergaard 
[50] presented a simple theoretical solution 
for predicting warping of a PCC slab. The 
assumption was made that the slab does not 
lose contact with the underlying subgrade. 
Harr et al. [51] and Wiseman et al. [52] 
have solved the warping problem for a 
circular PCC slab which loses contact with 
the subgrade as the slab warps. The 
theoretical model used has been verified 
using measurements of slab warping in the 
field. 

An example of the amount of upward 
vertical warping movement occurring in an 
equivalent circular PCC slab is given in 
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Figure C-8, and in Figure C-9 for downward 
warping movements. These results are for a 
uniform temperature gradient between the top 
and bottom of the slab and a modulus of 
subgrade reaction, k of 200 pci. The 
results indicate that for slabs having an 
equivalent radius of 12 ft. or more upward 
slab warping can be two to three times 
greater than downward warping. The upward 
warping movement for a slab having a 12-ft. 
radius w,as slightly smaller than for a 
36-ft. radius. Maximum calculated upward 
warping movements of.0.065 in. were found 
for a slab having a radius of 36 ft. and a 
temperature differential of 300F between 
the top and bottom of the slab. In going 
from subgrades having a modulus of subgrade 
reaction of 200 to 500 pci, the upward 
warping movements were only found to be 
slightly reduced for slab radii of 12 ft. 
or more [51,52]. 

VWU MAO. = 0029 INCHES 

MODULUS OF SURGRAOE REACTION 

CONSTANT TEMPERATURE GRADIENT 

0.01 	 002 	 0.53 	 0.04 	 005 	 0.04 	0.07 

UPWARD WARPING MOVEMENT (INCHES) 

Figure C-8. Maximum upward warping movement 
of a circular PCC slab. 

-0 SON 	-0.01 	-0.015 	-0.01 	 -0.000 

DOWNWARD WARPING MOVEMENT (INCHES) 

Figure C-9. Maximum downward warping 
movement of a circular PCC slab. 

Rotational Pavement Shoulder movement 

A single predictive model for rotation-
al movement caused entirely by warping of 
the slab due to temperature and moisture 
gradients has not been developed. Upward 
movements due to warping, however, could 
cause a sudden state of shear to be applied 
to a sealant. For example, early in the. 
morning when the top of the slab is cool 
(and the edges are curled upward) , the slab 
has been observed in the field to frequently 
undergo a sudden movement which could cause 
a brittle type of failure in the sealant. 

Measurements Program 

The movement studies conducted in both 
Georgia and Michigan consisted of measuring  

all components of relative movement between 
the pavement, and the shoulder over approxi-
mately a one-year period. These measure-
ments were performed to determine the cyclic 
movements at the longitudinal joint caused 
primarily by temperature and moisture 
changes. Since the measurements were made 
on relatively old pavements (except for 
1-95 in Georgia) , the effects of shoulder 
settlement and frost action were probably 
small. In addition to long-term cyclical 
movement, a limited study was conducted of 
the 24-hour movement of the longitudinal 
and transverse joints, and also the joint 
movements caused by truck traffic on the 
edges of the pavement adjacent to the 
shoulder. 

Selection of Sites 

Two sites for the joint movement 
measurements were selected in Michigan, 
and three sites were selected in Georgia. 
In Michigan, one site was located on State 
Route M-14 near Ann Arbor while the other 
site was on 1-69 near Charlotte. The first 
site consisted of a conventional bituminous 
shoulder and the second site had experi-
mental new shoulders. In Georgia, the site 
located on 1-20 east of Atlanta was also a 
research site for the Georgia Department 
of Transportation. At this location, an 
evaluation ofrnainline design features 
(joint spacing, and skewed vs. non-skewed 
contraction joints) was being conducted on 
the performance of transverse joint 
sealants. The second site was on 1-85 near-
Newnan, where the mainline subbase type and 
load transfer design features were varied 
to determine their influence on the 
resulting performance of the mainline and 
shoulder. The last site, 1795 near 
Brunswick, Georgia, consisted of a 
continuously reinforced concrete pavement 
with experimental shoulders. Tables C-2 
through C-4 summarize the factors included 
in the experimental design. 

Site Descriptions 

All sites at which joint movements were 
measured were on four lane divided highways 
with a 9- or 10-ft. wide asphaltip concrete 
shoulder on the outside in both directions. 
Each pavement was subjected to moderate to 
heavy traffic and has a 12-ft. lane width. 
None of the longitudinal pavement-shoulder 
joints had been sealed. 

Georgia 1-20. 	This section is located 
approximately 60 miles east of Atlanta on 
1-20 near Madison, Georgia, between U.S. 441 
and State Highway 44 and is approximately 
7-miles in length. The section is a part 
of a recent study by the Georgia Department 
of Transportation on transverse joint 
sealants. Constructed in 1971, the project 
consists of a 9-in, plain concrete pavement 
with both square and skewed transverse 
joints spaced at either 20- or 30-ft. 
intervals. Load transfer at the transverse 
joints is through aggregate interlock. A 
typical cross section of the pavement and 
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CONSTANT TEMPERATURE GRADIENT 



shoulder design is shown in Figure C-lO. 

Georgia 1-85. This section is located 
on 1-85 approximately 25 miles southwest of 
Atlanta near Newnan, Georgia. The pavement 
was constucted' in 19/I and consists of 
9 in. of plain concrete placed on one of 
the three subbase designs (Fig. C-ll). 
Transverse joints were constructed both with 
and without dowels across the joint. This 
test section was used to determine both 
the effect of load transfer devices and the 
effect of subbase type on the magnitude of 
movement at the shoulder joint. 

Table C-2. Factors considered in selection 
of sites. 

Variable Georgia Michigan 

Plain Concrete 1-20,1-85 

Reinforced Pavement Concrete M-14, 1-69 
Type 

Continuous 
1-95 Concrete 

20 feet 1-85,1-20 Joint 
Spacing 30 feet 1-20 

71 feet M-14, 1-69 

Load Aggregate 1-85,1-20 

Trans fer Interlock 

Dowel 1-20 M-14, 1-69 

Cement Treated 1-85,1-20 
Mainline Asphalt Treated 1-85 Subbase 

Aggregate Base M-14, 1-69 

EnvirorWental 
Temperature Mild Severe 

Rainfall High Moderate 

Table C-3. Descriptions of locations used 
in Georgia. 

Location At PCC slab joints, on grade 

1-20 1-85 1-95 

- - - 
At PCC slab jOinLe, level - - - 
At PCC midslab - - - 
Total per location 15 11 5 

Shoulder Standard shoulder 15 11 3 
Type Improved shoulder - - - 

Standard shoulder, 	20 ft. 	sq. 4 - - 
Joint Standard shoulder, 	30 ft. sq. 3 - - 
Spacing Standard shoulder, 20 ft. 	skew 4 - - 

Standard shoulder, 30 ft. 	skew 4 11 - 
Cement stabilized aggregate 15 3 - 

Mainline Asphalt stabilized base - 3 5 
Subbase Cement stabilized aggregate - - 

with asphalt concrete top 

Roadbed Roadbed in cut 8 3  - 
Summary 

Roadbed in fill 
At grade 

7 
- 

7 
1 

5 
- 

Mainline Dowel - 6 - 
Load Trans- Aggregate Interlock 15 5 - 
fer at Joint 
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Table C-4. Description of locations used 
in Michigan. 

Location Descriptions M-14 1-69 

Location at PCC slab joint, on- - 3 
Summary grade at PCC slab joints, 8 9 

level at PCC midslabs 4 6 

Total per location 12 18 

Shoulder ST Shoulder, level - 6 
Type ST shoulder, level - 3 
Breakdown ,FL shoulder, on-grade - 9 

Joint ST shoulder, level - 3 
Breakdown SC shoulder, level - 3 

FL shoulder, on-grade - 3 
FL shoulder, level - 3 
PCC slabs, on tangent - 
atSection 

PCC slabs, on right 
curves 

- 
PCC slabs, on left 

2 - curves 

Midslab ST shoulder - 3 
Breakdown FL shoulder - 3 

PCC slabs, on tangent - 
section 

PCC slabs, on left 
1 - curves 

11," ASPHALTIC SHOULDER "F" DESIGN-
6" GRADED AGGREGATE EASE (CTB)—.--.---
flU" AGGREGATE DRAINAGE COURSE TYPE I 

6' GRADED AGGREGATE SUBBASE (CTB) 

9" PLAIN CONCRETE 

............ 	 9" SELECTED 
\ BORROW 

Figure C-b. Structural cross-section of 
1-20 East in Georgia. 

1" ASPHALTIC SHOULDER "F" DESIGN 
TYPE A 5" CEMENT STABILIZES SUBBASE vi" "F" ASPHALT - 	TYPE B B' GRADED AGGREGATE CEMENT STABILIZED SUBBASE LTYPE 0 4" ASPHALTIC CONCRETE BASE "F" 
75" AGGREGATE DRAINACE COURSE TYPE III 
6" GRADED AGGREGATE BASE (Cr6) 	 17 

9" PLAIN CONCRETE 

1 . 	. 	 •\ 9" SELECTED 
BORROW 

Figure C-il. Structural cross-section of 
1-85 in Georgia. 

Georgia 1-95. Joint movements were 
measured on a section of 1-95 constructed 
in 1972 on the coast near Brunswick, 
Georgia. The mainline sections consist of 
9 in. of continuously reinforced concrete 
pavement with 0.6% longitudinal steel placed 
on a cement stabilized subgrade. Typical 
pavement sections are given in Figure C-12. 
One section included an experimental 
shoulder design which incorporated an 
asphalt stabilized drainage layer to remove 
water entering the longitudinal pavement-
shoulder joint. 
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Michigan Route M-14. This project, 
located near Ann Arbor, Michigan, was 
constructed in 1960 and has the typical 
cross-section shown in Figure C-13. The 
shoulder design consisted of 1-1/2 in. of 
asphaltic concrete placed over a 6-in. 
untreated aggregate base. 

1 1/2' ASPHALT CONCRETE 

),) CONVENTIONAL SHOULDER DESIGN 	 - 

11/2" ASPHALTIC CONCRETE "E" - 

BITUMINOUS SURFACE TREATMENT 

6" PREMIXEB SOIL STABILIZED BASE 

3" ASPHALT DRAINAGE LAYER 

9" CRCP 

ipwmmwamm 
iuiiiuIIuIIIIIIIIlIIIIIIII 

(b) EXPERIMENTAL SHOULDER DESIGN 

Figure C-12. Cross-section of 1-95 in 
Georgia. 

10" CONCRETE 
o' 	

CLAUS AU SHOULDERS 
PAVE.ENT 

 • 10 	SUBBASE 

(.) STANDARD FREEWAY SHOULDER (ST) 

9" CONCRETE 	 1-112" BITUMINOUS AGGREGATE 
PAVEMENT___\  

U 	
ASPHALT 5IABILIZEO SOIL AGGREGATE 

çI"SELECTED SUBBASE 

10" SUBBUOE 

TYPE B (Pt) 

TYPE A (SC) 

)b) EXPERIMENTAL SHOULDERS 

Figure 0-13. Shoulder cross-sections used 
in Michigan (after reference 42) . 	- 

Michigan 1-69. This project is 
located near Charlotte, Michigan,, and was 
constructed in 1970. The project is part 
of an experimental study to evaluate the 
effect of shoulder design on performance. 
Two asphaltic concrete and the one portland 
cement concrete experimental shoulders are 
located on this project. The asphaltic 
concrete shoulders are show'i in Figure 0-13. 
Movements of the longitudinal joint were 
not measured on sections having concrete 
shoulders. 

One of the shoulder types consisted of 
a seal coat (SC) over an asphalt stabilized 
aggregate base. The thickness of the 
shoulder at the pavement is the same as the 
slab thickness, and tapers to a depth of, 
6 in. at the outside edge. The second 
experimental shoulder consisted of a 1-1/2-
in. asphalt concrete surface placed over 
a 4-1/2-in, asphalt stabilized soil-
aggregate base. 

The location of measurement points is 
summarized for both states in Tables C-3 
and 0-4. Altogether, measurements were 
made at 31 locations at the three test 
sites in Georgia, and 30 locations at - 
the two test sites in Michigan. Measurement 
points were installed at the following 
locations: 

Tangent and curved alignments; 
Level alignments as well as 

grades in excess of 2%; 
Near the transverse mainline 

contraction joint and also at midslab 
locations; and 

on both cut and fill. 

Equipment and Measurement Procedures 

The procedure used throughout the 
study to measure the joint movement 
consisted of placing permanent points in 
the pavement to measure components of 
relative movement at the longitudinal 
pavement-shoulder joint. The four 
components of movement measured are 
illustrated in Figure 0-1 and are as 
follows: 

Longitudinal pavement-shoulder 
movement (LPS) parallel to the edge of the 
pavement; 

Transverse pavement-shoulder 
movement (TPS) perpendicular to the edge of 
the pavement; 

Vertical pavement-shoulder move-
ment (VPS) (faulting movement); and 

Rotational pavement-shoulder 
movement (RPS). 

In Georgia, the measurement points 
consisted of 1/2-in, diameter aluminum 
plugs 1-1/2 in. in length installed in both 
the mainline pavement and shoulder as shown 
in Figure 0-14. Holes were drilled into 
the portland cement concrete pavement and 
asphaltic concrete shoulders, and the 
cylinders sealed into the pavement using 
molten sulphur. Each aluminum cylinder 
had a 1/4-in, diameter hole drilled in the 
top to insure proper alignment of the 
measuring device. The reference points 
used in Michigan were bonded to the surface 
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of the portland cement and asphaltic 
concrete shoulder using a fast setting 
epoxy glue. The location of the measure-
ment points used in Michigan is shown in 
Figure U-lb. 

The equipment used in Georgia to 
meauLe Lija LldLive pavement-shoulder 
joint movement is shown in Figure C-lG [54]. 
The device consists of an aluminum H-shaped 
bar mounted with four micrometers to measure 
the relative position of the reference 
points in the pavement. The overall length 
of the device is 18 in. and the total weight 
is 5 lbs. A surface thermometer was attach-
ed so that readings could be taken for 
thermal length changes. 

Figure C-14. Measurement point layout used 
in Georgia. 

b 
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!; 

Figure C-15. Measurement point layout used 
in Michigan. 

The measuring devices used in Michigan 
were developed to require spending less time 
at the longitudinal joint than the equipment 
used in Georgia because of considerably 
heavier volumes of traffic in Michigan. 
Three separate pieces of equipment were used 
to evaluate the tour components of movement. 
Each device used an Ames dial to measure 
displacement in one of two directions. 

The evaluation of the various 
components of relative movement between the 
pavemejiL-sliouldet joint were similar in both 
Georgia and Michigan. A reference displace-
ment is first obtained at the beginning of 
the measurement program between appropriate 
measurement points. Relative movements from 
this reference displacement are then 
determined from subsequent measurements. 
For the transverse movement, the two points 
perpendicular to the pavement shoulder 
joint are used. In Georgia, the longitudi-
nal pavement-shoulder movement was 
determined in a way similar to the trans-
verse movement. In Michigan, the measure-
ments were taken between one point on the 
asphaltic-concrete shoulder and another on 
the portland cement concrete pavement. The 
longitudinal pavement-shoulder movement was 
then calculated considering the angle formed 
between the two measurement points and the 
shoulder joint. The vertical pavement- 

shoulder movement was measured in a similar 
way as for transverse movement except the 
center pin of each measuring device was 
placed in the center ping nf 1-he three 
plugs perpendicular to the pavement-shoulder 
joint. The adjustable pin was then placed 
on the outside plug in the asphalt concrete 
shoulder to determine the vertical movement. 
The rotational slope between the pavement 
and shoulder was determined by dividing the 
vertical movement measured at a given time 
by the distance between the longitudinal 
pavement-shoulder joint and the pin nearest 
the longitudinal joint in the shoulder. 

Figure C-16. Joint movement measurement 
apparatus used in Georgia. 

The main problems encountered with the 
measurement systems used were primarily 
non-technical and consisted of safety of 
the measuring crew, and damage to the 
measurement plates in Michiqan caused by 
snowplows during the winter. For safety 
reasons, measurements were made behind a 
vehicle parked on the shoulder. The 
vehicle emergency flashers were left on, 
and a member of the crew watched the 
oncoming traffic at all times. In Michigan, 
most measurement points were removed during 
snowplow and shoulder patching operations 
and had to be replaced after the first 
winter. 

On a limited number of sections in 
Georgia, movement was measured approximate-
ly every three hours throughout a 24-hour 
time period. These measurements were made 
between both the transverse contraction 
joints of the PCc pavement and also across 
the pavement-shoulder joint. The measured 
movements were compared to obtain an 
indication of the short-term cyclic 
movement of the shoulder joint as compared 
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with the short-term cyclic movement of the 
transverse contraction joint. 

In addition to nonload-associated 
movements, a limited study was made to 
determine the effect of dynamic loads on 
joint movement. A loaded dump truck having 
an 18-kip dual-wheel axle load traveling at 
a speed up to 15 mph was run down the PCC 
pavement at distances varying from 5 to 
38 in. from the longitudinal joint. All 
components of relative movement were 
measured between the corner of the concrete 
pavement slab and the shoulder using four 
linear variable differential transformers 
(LVDT's) attached to an aluminum bar fixed 
in the pavement. 

Temperature Measurements 

Along with the measurement of joint 
movements, temperature data were recorded 
at each measurement site To determine the 
movements associated with changes in 
temperature, a common reference location 
for temperature data had to be used. In 
Michigan, air temperatures were measured, in 
shaded, grassy areas. In Georgia, air, 
temperature data was used to calculate 
pavement temperature at a 4-in, depth which 
corresponds to aproximate1y the mid-depth 
of the pavement. For these computations, 
a computer program developed by Kasianchuk 
[55] was employed which uses the one-
dimensional heat flow equation proposed by 
Barber for a semi-infinite mass [561. The 
climatological data required to calculate 
temperature profiles is summarized in 
Tables C-S and C-6, and properties of the 
concrete areas f011ows: 

Property 
	 Value 

Absorptivity to sOlar 0.30 
radiation 

Specific heat 	(BTti/°F, 0.25 
lb.) 

Thermal conductivity 0.90 
(BTU-ft/sq.ft. ,°F/hr.) 

Unit weight 	(lb./cu.ft.) 150.0 

The required climatological data were 
obtained from local weather stations. 
Since the value of daily solar insolation 
is determined at only a limited number of 
locations, its value was estimated using 
other climatological data as outlined by 
Hamon et al. [57]. 

Using the data in Tables C-S and C-6, 
the relationship between time and tempera-
ture was determined for pavement depths of 
0 and 4 in. The analytical data were then 
adjusted so that the measured and calculated 
surface temperatures were in good agreement. 
Table C-i summarizes the calculated 
temperatures at depths of 0 and 4 in. for 
climatological conditions in Georgia and 
in Table C-8 for pavements in Michigan. 
Comparisons between measured and calculated 
surface temperatures in Michigan could not 
be made because of insufficient data. The 
mid-slab pavement tempexature was found to 
compare favorably with measured shade 
temperatures in Michigan. These results  

suggest that shade temperatures can be 
used to estimate pavement movements. For 
this study, calculated mid-slab temperatures 
in Georgia and measured shade temperatures 
in Michigan were used in theoretical 
predictions of slab movement. 

Long-Term Measured Joint Movements 

In this section, measured and predicted 
values are given for transverse (TPS) 
longitudinal (LPS) , vertical (VPS), and 
rotational (RPS) movement compounds of the 
longitudinal shoulder joint. Average values 
are presented together with expected 
variations from the mean. Tables C-9 
through C-14 give the absolute value of the 
movements measured in the field; relative 
movements can be obtained by taking the 
differences in the measured values. 

Transverse Movements at Pavement-Souldar 
Joint 

In general, the average measured 
transverse movement of the longitudinal 
pavement-shoulder joints in Georgia are 
between 0.05 and 0.10 in. (Table 16, which 
is given in the main text of this report). 
A summary of average measured movements at 
each test location in Georgia and Michigan 
is given in Tables C-9 and C-10. Also 
given are the standard deviations and the 
coefficient of variation, D. The relation- 
ship between movement and time for Georgia 
1-20 is given in Figure C-17 together 
with the maximum observed relative 
movement. The maximum TPS movements in 
Michigan could not be directly deterthined 
because of damage to the measurement points 
during the first winter. The reference 
points were re-established in Michigan the 
second year. Maximum movements were 
estimated using an overall average value 
for movement per degree F. For an expected 
maximum change in temperature of 100°F, the 
average movement using th]s approximation 
would be from 0.08 to 0.105 in. which is 
slightly greater than observed in Georgia 
(Table 16) 

Longitudinal Movements at Pavement-Shoulder 
Joint 

The average measured longitudinal 
joint movement for Georgia and Michigan 
are summarized in Table 16 of the main 
text, and presented in more detail in 
Tables C-ll and C-12 together-with the 
coefficient of variation and movement values 
for one standard deviation. A typical 
variation of average longitudinal joint 
movements with time is given in Figure 
C-18 for 1-20 in Georgia. In general, the 
average measured longitudinal movement at 
transverse joints in Georgia were on the 
order of 0.03 to 0.07 in. (Table 16). 
In Michigan, the longitudinal movement for 
Route M-14 was 0.57 in. and on 1-69 was 
0.24 in. for a 100°F temperature change. 
Movements were calculated using an average 
value of movement per degree F. 
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Table C-5. Georgia clirnatological conditions at time of measurement. 

Mean Temp. Temp. Range Avg. Wind Cloud Cover Precipitation D a e (°F) (°F) Speed 	(mph) (%) (inches) 

1-20 	(Atlanta) 

1-27-73 43 50-36 8.3 90 
2-18 33 41-25 7.5  100 
3-23 52 67-37 6.9 40 
5-19 56 65-47 8.6 90 1.32 
6-13 75 83-66 .7.5 50 
7-10 80 90-70 7.5 50 0.09 
10-6 72 79-65 11.1 50 
12-8 38 44-32 10.5 100 T 
4-26-74 61 79-43 5.5 0 

1-85 	(Atlanta) 

1-27-73 43 50-36 8.3 90 
3-18 46 60-32 13.2 - 0 
4-13 53 63-43 10.9 20 
6-1 71 79-63 5.5 100 0.25 
7-28 80 89-70 7.2 40 0.25 
10-2 70 75-64 4.9 90 T 
12-8 38 44-32 10.5 100 T 
4-28-74 69 83-55 7.1 40 

1-95 	(Savannah) 

2-24-73 50 65-34 5.5 10 
4-28 60 70-50 13.2 0 
7-12 80 87-72 7.1 70 
10-13 72 82-61 6.5 70 
12-10 47 57-36 10.4 0 
4-27-74 68 85-50 7.3 30 

Atlanta data from W.S. at Atlanta Airport: Lat. 3339 1 ; Long. 8426'; Elev. 1010' above 
MSL. 
Savannah data from W.S. at Savannah Airport: Lat. 320  08'; Long. 810121;  Elev. 46' above 
MSL. 

Table C-6. Michigan climatological conditions at time of measurement(1) 

Date Mean Temp. 
(°F) 

Temp. Range 
(°F) 

Avg. Wind 
Speed 	(mph) 

Cloud Cover 
(%) 

Precipitation 
(Inches) 

'fi-15-73 69 83-55 7.8 60 T 
8-13 71 82-59 5.5 30 0 
12-27 34 36-32 16.3 100 T 
3-5-74 45 52-38 18.1 30 0 
3-14 29 39-19 8.5 50 0 
3-22 36 45-27 17.7 80 P 
5-15 . 
6-12 60 72-48 10.9 40 0 

6-14-73 67 82-51 7.5 20 0 
8-15 72 82-62 10.1 30 0 
8-28 84 96-72 9.1 10 0 
11-12 46 54-38 16.4 100 0 
12-12 28 36-20 7.1 40 T 
2-22-74 37 49-25 20.0 100 T 
3-1 36 37-34 15.4 100 T 
3-6 47 57-37 11.4 70 T 
3-13 30 37-22 13.4 10 0 
3-28 32 34-30 13.8 10 0 
4-10 41 55-22 8.2 20 0 
5-14 . 
7-2 76 87-65 13.4 20 T 

1. Data for the Metropolitan Detroit Airport. 
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Vertical Pavement-Shoulder Joint Movements 

The measured vertical pavement-shoulder 
joint movements in this section are due to 
nonload-associated factors and are presented 
in Tables 16, C-13 and C-14. The typical 
variation of average vertical movement with 
time is given in Figure C-19 for 1-20 in 
Georgia. Average vertical movements in 
Georgia varied from 0.06 to 0.1 in. and 
in Michigan from 0.09 to 0.35 in. The 
movement values in Michigan aro based on 
average values of movement per degree F. 
Large movements as great as 0.7 in. were 
observed in Georgia along 1-95 primarily 
due to settlement of the compressible soil 
underlying the highway fill. Reasons for 
the high vertical movement in Michigan 
along 1-69 cannot be explained. Except 
for these two pavements, the measured 
vertical movements are representative of 
changes due primarily to moisture and 
temperature effects. Vertical movements 
can be substantially greater due to other 
factors such as consolidation of the base, 
subbase, and foundation soils, and volume 
change due to frost heave and expansive 
clay subgrades [5,54]. 

Table C-7. Summary of Pavement Temperatures 
in Georgia. 

Pavement Temperature Pavement 
Date Surface (°F) Midslab Temp 

Measured Calculated Calculated 1 

Georgia 1-20 

-27-73 - 44 44 
2-18-73 35 34 34 
3-23-73 68 35 34 
5-18-73 73 73 65 
6-13-73 110 92 99 
/-10-73 111 99 . 	100 
.0-6-73 79 80 73 
12-8-73 .39 38 37 
1-26-74 95 87 79 

Georgia 1-85 	- 
1-27-73 - 55 55 
3-18-73 42 42 45 
-13-73 82 	. 72 71 
-1-73 85 85 76 
-28-73 107 100 95 
0-2-73 72 72 70 
2-8-73 47 44 43 
-28-73 96 92 83 

Georgia 1-95 

-24-73 72 71 60 
-28-73 91 78 80 
-12-73 96 94. 90 
.0-13-73 96 86 87 
.2-10-73 60 60 55 
-27-74 103 93 88 

Corrected for surface temperature 
differences. 

Rotational Movement 

The relative rotational movement 
measured transverse to the longitudinal 
pavement-shoulder joint is summarized in 
Tables C-15 and C-16. The average percent 
change in slope between the PCC pavement 
and the asphaltic concrete shoulder are 
given in these tables together with the 
coefficient of variation. The measured 
rotational movement is due primarily to 
the warping of the PCC slab and the long 
term movements of the shoulder. 

Twenty-Four Hour Joint Movements 

The movement of the longitudinal 
pavement-shoulder joint at a location near 
the transverse joint was measured every 
3-hours during a 24-hour period on a 
section of 1-20 in Georgia. Movements of 
the transverse PCC joint were also measured 
at the same time to compare relative move-
ments. The surface temperature of the PCC 
pavement varied 360F during these measure-
ments (between 52 and 880F) as shown in 
Figure C-20. The maximum, average, and 
minimum movements are given in Figures 
C-21 to C-24 for both the longitudinal 
pavement-shoulder and transverse PCC joints. 
Both €he longitudinal and transverse 
movements were found to be smaller than the 
long-terth movements. The short-term 
vertical movements, however, are approxi-
mately 1.5 to 3 times larger than the 
average long-term values. 

Table C-8. Summary of Pavement Temperatures 
in Michigan. 

Measured Shade Calculated 
Date Temperature Midslab Temp. 

(°F) (°F) 

Michigan Route 14 

6-14-73 80 88 
8-15-73 84 88 
8-28-73 90 91 
11-12-73 53 54 
12-12-73 40 34 
3-1-74 35 38 
3-6-74 50 53 
3-13-74 27 30 
3-28-74 10 8 
4-10-74 43 37 
5-14-74 95 95 

Michigan 	1-69  

6-15-73 - 85 81 
8-13-73 75 80 
3-5-74 50 45 
3-14-74 52 47 
3-22-74 33 31 
5-15-75 60 61 
6-12-74 70 61 



Table C-9. Transverse pavement-shoulder movement (TPS) measured in Georgia. 

Midsiab Ctd 	DCV. Coeff. oi Avg. Movement Std. Dev. Av9eo;ment 
Date Avg. Movement variation F Avg. MOvement 

)10 3 in.) )10 	in.) 2)10 	in.) )1O 	in.) D )10 	in.) 

1-95 With Drain Layer 1-95 Without Drain Layer 

2-24-73 60 --- --- --- 
4-28-73 80 -39 11 -0.28 -19.5 +2 21 9.05 1.0 
7-12-73 90 -20 18 -0.92 - 	6.7 +8 25 3.04 2.7 
10-13-73 87 - 	- 	9 8 -0.92 .- 	3.3 +8 17 2.13 3.0 
12-10-73 52 +21 6 0.31 26.0 . 	+16 15 0.96 2.0 
4-27-74 88 -18 7 -0.39 - 	6.4 +37 16 0.45 13.2 

1-20 With 20-Foot Joints 1-20 With 30-Foot Joints 

1-27-73 44 --- --- --- --- --- 
2-18-73 34 12 10 0.85 12.0 21 25 1.17 21.0 
3-23-73 56 -10 12 -1.19 - 	8.3 -3 18 -5.11 -2.5 
5-18-73 65 -11 13 -1.24 - 	5.2 1 16 27.50 0.5 
6-13-73 99 --- 
7-10-73 .100 -30 14 -0.48 - 	5.4 -26 15 -0.58 -4.6 
10-6-73 73 	- - 1 13 -26.40 - 	0.3 3 15 5.07 1.0 
12-18-73 37 22 13 0.60 314 24 19 080 34.3 
4-26-74 79 -19 11 -0.57 - 	5..4 -19 19 -1..00 -5.4 

1-85 With Dowels 	 - 1-20 Without Dowels 	 - 

3-18-73 45 30 21 0.71 30 11 26 2.40 11.0 
4-13-73 71 - 3 12 -4.70 - 	1.9 - 2 23 -11.41 -1.1 
6-1-73 76 - 7 18 -2.46 - 	3.3 -25 54 - 	2.22 -11.9 
7-28-73 95 - 5 22 -4.63 - 	1.3 -11 13 - 	1.22 	. - 	2.8 
10-2-73 70 10 19 1.98 40 15 20 1.35 6.0 
12-8-73 43 18 28 1.56 15..0 31 17 0.55 25.8 
4-2874 83 - 4 23 -5.61 - 	1.4 

Table C-lU. Transverse pavement-shoulder movement (TPS) measured in Michigan. 

)a) 	1-69, Standard Shoulder 

Movement at Joint Movement at Midsiab 

Shade Coeff. of Avg. 	Vmt. Std. Dev.5 
Coeff. 	of 

Temp. Avg. Mvmt. Std. 	Dew. variation Avg. Wvmt. variation Avg. Wvmt. per 
Date )l0 3in.) &)103in.) )l0 3  in.) )103in.) 0F )10 	in.) io- 	in.) 

6-15-73 85 -21.8 11.1 0.51 -21.79 11.8 3.2 0.27 -11.76 
8-13-73 75 )std) --- --- --- --- . 	--- 
3-5-74 50 - 	-16.7 12.0 0.72 - 	9.84 -12.3 4.1 0.33 - 	7.23 
3-14-74 52 -13.5 5.0 0.37 - 	7.09 -11.0 3.6 0.33 - 	5.79 
3-22-74 33 )std) --- --- --- --- --- 
5-15-74 60 -19.3 15.0 0.78 - 	7.15 -25.6 7.0 0.27 - 	9.48 
6-12-74 

1  
70 -16.1 16.4 1.01 - 	4.35 -27.3 12.9 - 	0.47 - 	7.37 

)b) 	Michigan 1-69 	)Different Shoulders) 

Type "ST' Type "FL" 

6-15-73 85 -12.8 7.8 0.61 -12.83 -22.2 10.3 0.46 -22.24 
8-13-73 75 )std) --- 	- 
3-5-74 50 -14.4 5.5 0.38 - 	8.45 -20.0 13.0 0.65 - 	-11.77 
3-14-74 52 -10.0 1.4 0.14 - 	5.28 -14.9 5.7 0.38 - 	7.84 	- 
3-22-74 33 )std) --- --- --- --- 
5-15-74 60 -21.3 8.7 0.41 - 7.90 -18.1 18.4 1.02 - 	6.70 
6-12-74 70 -26.8 9.4 0.35 - 	/./4 - 	9.1 16.7 1.82 - 	2.47 

Type "SC" 

6-15-73 85 --- --- --- 
8-13-73 75 --- --- 
3-5-74 50 -12.5 16.4 1.31 - 	7.37 
3-14-74 52 -14.0 5.7 0.40 - 	7.39 ' 
3-22-74 33 )std) --- --- 
5-15-74 60 -19.7 17.8 0.90 - 7.30 * Calculated from data in Michigan report. 
6-12-74 70 -17.0 20.1 1.18 - 	4.60 

)c) 	Route 14, Standard Shoulder 	 - 

Movement at Joint Movement at Midslab 

6-14-73 80 -46.1 7.9 .172 -11.52 -38.6 13.4 0.34 - 	9.65 
8-15-73 84 -43.4 7.9 .182 - 	9.87 -42.8 10.4 0.24 - 	9.72 
8-28-73 90 -43.0 9.7 .226 - 	8.59 -45.4 10.1 0.22 - 	9.07 
11-12-73 53 -13.8 9.3 .171 -10.65 -14.9 11.4 0.77 -11.46 
12-12-73 40 (std) --- --- --- --- --- --- 

3-1-74 35 17.9 11.2 .631 	. 5.97 37.6 14.2 0.38 12.55 
3-6-73 50 5.6 7.3 1.30 ' 	3.73 17.0 6.3 0.37 11.34 
3-13-74 27 28.6 	- 11.4 0.40 7.53 40.4 12.4 0.31 10.62 
3-28-74 10 45.8 16.5 0.36 8.33 --- --- --- 
4-10-74 43 17.1 6.4 0.38 7.76 18.5 10.8 0.59 8.39 
9-14-74 65 )std) --- --- --- 7-- --- --- --- 
7-3-74 95 -15.5 3 0.19 -5.15 -18.5 12 0.65 - 	6.15 
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Figure C-17. Average measured transverse 
movement on Georgia 1-20. 
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Figure C-21. Variation of pavement-shoulder 
longitudinal joint movement with time. 
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Figure C-18. Influence of joint spacing on 
average longitudinal movement on Georgia 
1-20. 
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Figure C-19. Inrluence of joint spacing on 
average vertical joint movement on Georgia 
1-20. 
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Figure C-20. Variation of pavement surface 
temperature with time. 

Figure C-22. Variation of pavement-shoulder 
transverse joint movement with time. 

Figure C-23. Variation of pavement-shoulder 
vertical joint movement with time. 
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Figure C-24. Variation of pavement-shoulder 
slope movement with time. 



Table C-li. Longitudinal pavement-shoulder movement (LPS) measured in Georgia. 

Midslab 
Date 

CO 

ratios M Movement Dtd.Dev. 
5(19in.) per in. 

(a) 	1-95 

1-95 With Drain Layer 1-95 Without Drain Layer 

2-24-73 60 --- --- --- --- --- 
4-28-73 80 -8 11 -1.41 -4.0 35 85 2.45 17.5 
7-12-73 90 33 28 0.85 11.0 -7 37 -5.25 -2.3 
10-13-73 87 14 18 1.31 5.2 -34 30 -0.87 12.6 
02-10-73 52 14 38 2.73 17.5 -20 13 -0.67 -25.0 
4-27-74 88 22 2 0.10 7.9 4 29 6.59 1.4 

(b) 	0-20 	 - 
1-20 With 20-Foot Joints 1-20 With 30-Foot Joints 

1-27-73 44 --- --- --- --- --- 
2-18-73 34 -2 19 -10.69 -2.0 -1 7 -4.55 -1.0 
3-23-73 56 12 32 2.65 10.0 3D 23 0.78 25.0 
5-19-73 65 16 3D 1.93 7.6 11 24 2.15 5.2 
6-13-73 99 30 
7-10-73 100 32 31 0.98 5.7 18 23 1.20 3.2 
10-6-73 73 21 18 0.86 7.2 25 22 0.85 0.6 
12-8-73 37 0 24 -190.1 0 -13 20 -1.48 -18.5 
4-26-74 79 23 24 1.06 6.6 17 13 0.80 4.9 

(c) 	0-85 

2-85 With Dowels 1-85 Without Dowels 

1-27-73 55 --- --- --- --- --- 
3-18-73 45 -4 21 5.18 4.0 -13 34 2.63 -13.0 
4-13-73 71 11 17 1.66 6.9 6 15 2.36 3.8 
6-1-73 76 -3 28 -10.44 -1.4 	- -9 13 1.51 	- -4.3 
7-28-73 95 -5 32 -3.98 -1.3 10 31 2.80 2.8 
10-2-73 70 -16 32 -2.00 -10.7 5 12 2.36 3.3 
12-8-73 43 -20 26 -1.30 -16.7 -2 7 -4.50 -1.7 
4-28-74 83 10 71 7.01 3.6 19 32 0.69 6.0 

Table C-12. Longitudinal pavement-shoulder joint movement (LPS) measured in Michigan. 

Shade Temp. g. Std.Oev. Coeff.of A. of Avg. 	vo0t. 
Date Movement in.) Movement a) 	3 x(10 3  in. (l0 	in.) X(10 3  in. D (10 	in.) 

(a) 	1-69, Standard Shoulder 

6-15-73 85 37.2 22.0 0.59 37.17 6.35 5.7 0.90 6.35 
8-13-73 75 (std) - - - ---. --- - - - --- 

3-5-74 50 30.5 23.7 0.79 17.9 1.1 12.7 11.55 0.67 
3-14-74 52 36.5 18.5 0.51 19.2 1.9 13.9 7.32 0.99 
3-22-74 33 (std) - - - - - - - - - - - - - - - --- 
5-15-74-  60 71.5 38.7 0.54 26.48 27.8 32.3 1.16 9.55 
6-12-74 70 79.6 46.2 0.58 21.52 48.3 81.2 1.68 13.06 

(b) 	1-69, Different Shoulders 

Type 	'ST Type "FL" 

6-15-73 85 0.36 32.63 0.67 39.44 
8-13-73 75 (std) - - - - - - - - - --- 

3-5-74 50 48.0 28.7 0.60 28.25 19.7 16.6 0.84 11.59 
3-14-74 52 	. 46.6 34.9 0.75 24.53 29.8 6.3 0.21 15.66 
3-22-74 33 (std) --- - - - - 
5-15-74 60 32.5 37.8 1.16 12.02 88.5 29.6 0.34 32.76 
6-12-74 70 28.6 39.2 1.37 7.72 109.8 29.8 

j 	
0.27 29.68 

---. 

Type 

--- 

"SC' 

6-15-73 85 
8-13-73 75 (std) --- --- --- 
3-5-74 50 34.5 27.4 0.79 20.32 
3-14-74 52 39.9 16.0 0.40 20.98 
3-22-74 33 (std) --- --- 
5-15-74 60 76.6 37.6 0.49 28.37 
6-12-74 70 80.4 34.4 0.43 24.72 

(c) 	Route M-14, Standard Shoulder 

Movement at Joint Movement at Midslab 

6-14-73 80 30.3 48.6 1.60 -7.57 -6.2 16.9 2.72 -1.55 
8-1 -73 84 59.9 26.5 0.44 13.61 9.0 21.5 2.38 2.05 
8.28-73 90 52.6 47.0 0.89 10.53 9.0 23.8 2.64 1.80 
11-12-73  53 10.2 14.3 1.39 7.88 0.5 7.0 13.46 0.40 
12-12-73 40 (std) --- - - - - - - --- --- 

3-1-74 35 4.0 4.2 1.04 1.35 18.2 9.8 0.54 6.07 3-6-74 50 6.0 2.2 0.38 3.98 9.5 7.9 0.83 6.32 
3-13-74 27 10.6 4.4 0.42 2.80 17.0 10.3 0.61 4.47 
3-28-74 10 14.3 - - - --- 2.76 --- --- --- 
4-10-74 43 8.3 5.8 0.70 3.77 13.1 10.4 '  0.79 5.94 
5-14-74 65 (std) --- - - - --- --- --- --- -- --- 
7 _ 3-74 7-3-74 95 -7.0 19.1 2.71 -2.35 5.8 18.2 3.10 1.95 
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Table C-13. Vertical pavement-shoulder joint movement (VPS) measured in Georgia. 

T 	" 
Average Std -3  D Coeff. 	of Avg. Mvmt. Average StO Coeff. of Avg. Mvrut. 

Date F) Movement - n) 	0 	in. Variation per 	F _Movemest - 10:3 e( 	on.) Variation per 
(10-n in.) 5)10-3  in. D (10 	in.  X(10 3  in.) 

)a) 	1-90 

1-95 With Drain Layer 0-95 Withoat Drain Layer 

2 -24-73 --- --- --- --- --- 
4-28 -37 30 -0.80 -51 21 -0.42 
7-12 -16 32 -2.05 - 6 10 -1.67 
10-13 -31 19 -0.63 -29 13 -0.44 
12-10 -19 1 -0.07 -29 13 -0.44 
4-27-74 -26 14 -0.54 * 4 7 1.75 

)b) 	1-20 

3-20 With 20-Foot Joints 0-20 With 30-Foot Joints 

1-27-73 --- --- --- --- --- 
2-18 1.2 48 4.11 21 31 1.45 
3-23 51 49 0.96 81 92 1.14 
5-19 4 53 14.09 43 90 2.11 
6-13 0 --- 
7-10 39 52 1.34 97 145 1.49 
10-6 19 52 2.72 47 91 1.94 
12-8 2 57 26.86 35 96 2.72 
4-26-74 53 48 0.91 100 98 0.98 

)o) 	1-85 

1-85 With Dowels 0-85 Without Dowels 

3-18-73 9 28 3.05 -39 35 0.90 
4-13 20 44 2.15 3 23 9.26 
b-I -24 37 -1.52 - 39 173 4.40. 
7-26 1 49 97.39 -54 17 -0.32 
10-2 -27 40 -1.50 -67 12 -0.18 
12-3 -3 28 -8.97 -42 42 -1.02 
4-18-74 5 42 8.04 -42 16 -0.38 

Table C-14. Vertical pavement-shoulder joint movement (VPS)- measured in Michigan. 

Plot Temp. Average Av
Movement 

Coeff.of g. 	vmt. Average Std.oev. 
Date 

x)10 3  in. 
on 

in.) X(10 3  in.) D (10-4 in. D (10 

)a) 	7-69, Standard Shoulder 

6-15-73 85 -118.3 40.70 0.34 -118.3 -65.80 29.54 0.45 -65.80 
8-13 75 (std) --- --- --- --- 

3-5-74 50 - 	53.42 55.80 1.05 - 31.4 -41.00 22.84 0.70 -24.1 
3-14 52 - 41.92 38.52 0.92 - 22.1 -25.75 36.70 1.43 -13.6 
3-22 33 (std) --- --- --- --- --- 
5-15 60 - 38.92 41.25 1.06 - 	14.4 -38.00 22.34 0.59 -14.1 
6-12 70 - 	80.67 28.44 0.35 - 	21.8 -55.20 16.66 0.30 -14.9 

(b) 	1-69, Different Shouldero 

Type "ST' Type "FL" 

6-15-73 85 - 	82.33 36.53 0.44 - 	82.33 -136.33 30.83 0.23 -136.33 
8-13 73 (std) --- --- --- --- --- 

3-5-74 50 - 	78.00 63.55 0.82 - 	45.9 - 	31.50 25.99 0.82 - 	18.5 
3-14 52 - 75.00 69.20 - 	0,92 - 	39.5 - 26.00 17,04 0.60 - 	13.7 
3-22 33 (std) --- --- --- --- --- 
5-15 60 - 10,00 72.39 7.24 3.7 54,17 28.42 0.53 20.1 
6-12 70 - 68.33 8.39 0.12 18.5 79.17 32.62 0,41 21.4 

Type "SC' 

6-15-73 85 --- 
8-13 75 (std) 

--- 3-5-74 50 - 72.67 92.15 1.27 - 	42.7 
3-14 52 - 40.67 15,53 0.38 - 	21,4 
3-22 	. - 33 )std) --- --- --- 
5-15 60 - 	37.33 - 	11.93 0.32 . 	13.8 
6-12 70 - 96.00 33.65 0.35 25.9 

(c) 	Route M-14, Standard Shoulder 

Movement at Joint Movement at Midslab 

6-14-73 80 - 	12.14 72.78 5.87 - 	3.0 - 	4.0 74,05 1.85 1.0 
8-15 84 - 	3.20 73.33 22.92 - 	0.7 28.5 17.08 0.60 65 
8-28 90 - 	4.40 70.86 16.10 - 	0.9 30.5 19.49 0.64 6..1 
11-12 53 + 36.00 74.59 2.07 +27,7 43.25 15.09 0.35 33.3 
12-12 40 )atd) --- --- --- --- --- --- 

3-1-74 35 - 61.20 56.00 0.92 -20.4 -77.83 87.43 1.12 -25.9 
3-6 50 - 35.60 32.33 0.91 -23.7 -42.83 22.92 0.54 -28.6 
3-13 27 - 45.60 45.35 0.99 -12.0 -51.83 31.07 0.60 -13.6 
3-28 10 - 14.75 8.66 0.59 - 	2.7 --- --- 
4-10 43 - 	6.80 6.61 0.97 - 	3,1 -12.83 12.56 0.98 - 	5.8 
5-14 65 (std) --- --- --- --- --- --- - --- 
7-3 

 
91 - 	7,80 4.97 0.64 - 	2.6 + 	0.25 13.92 55.27 + 0.1 
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Table C-15. Rotational pavement-shoul.er  movement (RPS) measured in Georgia. 

a) 	0-95 

1-95 Without Drainage Layer 1-95 Without Draieage Layer 

Midslab Avg )0t Std. 	DCV. 
Loe±.•ot AvVariationg 	Mvnt. Avg. Mmvt. Std. Dev. Coef.of. Avg. MVmt. 

a e Temp. ° per°F )%) a 	)%) e per 0F )%) Slope Change D D 

2-24-73 60 --- . --- --- 
4-28-73 80 2.633 3.133 1.19 1.165 3.435 2.95 
7-12-73 90 3.085 3.757 1.22 1.617 3.859 2.39 
10-13-73 87 2.644 3.437 1.30 2.525 5.695 2.26 
12-10-73 52 2.644 3.104 1.07 1.359 3.678 2.71 
4-27774 88 2.690 3.313 1.23 1.517 3.853 2.54 

(b) 	1-20 

1-20 With 20-Foot JOists 2-20 With 30-Foot Joists 

1-27-73 44 --- --- --- --- --- 
2-18-73 34 0.136 1.121 8.27 -0.170 0.235 1.38 
3-23-73 56 0.366 0.886 2.42 1.043 1.232 1.18 
5-19-73 65 0.084 0.955 11.43 0.977 1.467 1.50 
6-13-73 99 0.222 0.769 3.47 
7-10-73 100 0.556 1.018 1.83 1.121 1.055 0.94 
10-6-73 73 0.573 0.908 1.59 1.100 1.337 1.22 
12-8-73 37 0.479 0.989 2.07 0.990 1.361 1.37 
4-26-74 79 0.723 0.816 1.13 1.070 2.066 1.93 

)c) 	I-OS 

2-85 With Dowels 1-85 Without Dowels 

1-27-73 55 --- --- --- --- 
3-18-73 45 0.186 0.287 1.54 0.204 0.283 1.39 
4-13-73 71 1.039 0.634 0.61 0.469 0.957 2.04 
6-1-73 70 0.458 0.349 0.76 2.296 3.941 1.72 
7-28-73 95 0.436 0.224 0.51 0.461 0.576 1.25 
10-2-73 70 0.701 0.427 0.51 0.375 0.418 1.11 
12-8-73 43 0.966 0.534 0.55 0.944 0.732 0.78 
4-18-74 83 1.253 0.522 0.41 0.575 0.417 0.72 

Table C-16. Rotational pavement-shoulder movement (RPS) measured in Michigan. 

Movement at Joint 	(a) 	1-69, Standard Shoulder 	Movement at Midsiab 

PlotTemp. _45t• Avg.  
Date PerF rMt•  

sange lope 

6-15-73 85 -2.89 27.48 9.51 -2.89 -1.25 12.31 9.85 -1.25 
8-1373 75 (std);! i , 	or- --- --- --- 

3-5-74 50 -6.17 35.36 5.73 -3.6 28.00 110.11 3.93 16.5 
3-14-74 52 -17.50 47.32 2.70 -9.2 -7.80 47.36 6.07 -4.1 
3-22-74 33 (std( --- --- --- --- --- 
5-15-74 66 18.25 38.41 2.10 6.8 -4.20 39.97 2.81 -5.3 
6-12-74 70 11.42 56.50 4.95 3.1 -3.20 22.89 1.69 -3.6 

Type "ST' 	 (b) 	1-69, Different Shoulders 	 Type "FL' 

6-15-73 85 30.00 9.17 30.6 30.00 -19.33 14.94 0.73 -19.33 
8-13-73 75 (std( --- --- --- --- --- - 
3-5-74 52 -2.00 20.52 10.26 -1.2 -17.83 45.61 2.56 -10.5 
3-14-74 33 (std( -55.33 69.69 1.26 -29.1 - 	8.33 41.65 5.00 	. - 4.4 
3-22-74 60 --- --- --- --- --- --- 
5-15-74 70 3.67 38.44 10.48 6.0 16.17 45.40 .2.81 6.0 
6-12-74 11.00 39.00 3.46 3.0 15.33 51.79 3.38 4.1 

Type "SC" 

6-15-73 85 --- --- 
8-13-73 75 (std) --- --- 

3-5-74 50 13.00 16.42 1.27 7.6 
3-14-74 52 2.00 12.49 6.25 1.1 
3-22-74 33 (std( --- --- --- 
5-15-74 60 37.00 24.98 0.68 13.7 
6-12-74 70 4.00 96.32 24.08 1.1 

Movement at Joint 	(c( Route 14, Standard Shoulder 	Movement at Midslab 

6-14-73 80 36.40 16.35 0.45 9.1 -4.75 47.10 9.92 -1.2 
8-15-73 84 24.40 17.57 0.72 5.5 18.25 21.53 1.18 4.14 
8-28-73 90 26.20 19.32 0.74 5.2 -7.50 41.22 5.50 -1.5 
11-12-73 53 11.20 27.03 2.41 8.6 15.75 14.93 0.95 12.1 
12-12-73 40 (std) --- --- --- --- --- --- 

3-1-74 35 -54.80 52.81 0.96 -18.3 -33.17 143.18 4.32 -11.1 
3-6-74 50 -78.00 80.45 1.03 -20.5 7.50 90.37 12.05 2.0 
3-13-74 27 -37.00 39.32 1.04 - 	9.9 -46.50 12.45 0.27 -12.2 
3-28-74 10 -28.25 59.15 2.09 - 	5.1 --- --- --- 
4-10-74 45 -21.00 53.67 2.56 - 	9.5 17.83 95.73 5.37 8.1 
5-14-74 68 (std) --- --- 
7-3-74 98 -24.7 39.8 1.61 8.2 135.4 191.6 1.42 45.1 
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APPENDIX D 

SEALANT STUDY 

An important consideration in evaluat-
ing sealahts is duplicating as realistically 
as possible the environmental conditions 
that a sealant will be subjected to during 
its lifetime in the field. Degradation of 
the structural integrity of a sealant can 
result from chemical changes and mechanical 
effects. Chemical changes are caused 
primarily by thermal, oxidation, hydrolytic 
or dissociative reactions [66']. significant 
physical factors which influence these 
reactions have been found to be aging, low 
temperature, ultraviolet light, water,  
immersion and a general deterioration from 
weathering [63]. Both aging and low 
temperature have been found to cause a 
decrease in the modulus of elasticity and 
the strain at failure. 

Chemical changes are usually irrevers-
ible, with the reaction rate increasing as 
the temperature increases. As a result, 
heat aging has often been used to simulate 
weathering. Studies conducted by Mylis 
[67], however, have shown that artificial 
aging at temperatures appreciably above the 
highest in-service temperature can produce 
chemical changes that would not occur in the 
field. The heat aging of sealants should be 
performed in force draft ovens rather than 
convection ovens, and an unlimited supply 
of fresh air should be available throughout 
the test. Further investigations should 
probably be performed on highway sealants 
using activated carbon to remove volatiles 
during the aging process [63]. 

Mechanical deterioration of a sealant 
is caused by the repeated application of 
deformation cycles. Low temperatures 
usually accelerate mechanical failure while 
high temperatures may have a partial healing 
affect. Mechanical damage is caused by the 
time-dependent material properties of the 
sealant and hence are a function of the rate 
of loading. A high rate of loading tends to 
have an effect similar to that of low-
temperature conditioning, and a slow rate of 
loading tends to have an effect similar to 
that of high-temperature conditioning [66]. 

Moisture, water and thermal gradients 
cause strains in the sealant and can 
contribute to failure. The presence of 
water has been found to greatly reduce the 
bonding capability of some elastdmeric 
sealants, particularly at low temperatures 
[63]. 

Theoretical Considerations 

Sealant materials exhibit important 
time-dependent (viscoelastic) characteris-
tics because their properties are greatly 
influenced by the load r-ate and length of 
time the sealant remains deformed. The 
time-dependent response of sealants has been 
modeled by several investigators using the 
equivalent of simplified spring and dashpot  

models [68,69]. A more realistic character-
ization of EEe material response could, 
however, be obtained using a large number 
of springs and dashpots following the 
numerical curve-fitting approach described 
by Barksdale and Leonards [70]. 

Upon the application of —a constant 
strain to a viscoelastic sealant material, 
the stress relaxes (becomes smaller with 
time); the amount of stress relaxation 
depends upon the viscoelastic material 
properties of the sealant. The relaxation 
time, which is frequently referred to in 
the literature, is the time required for 
the stress to decay to 36% of its initial 
value. 

In sealants exhibiting strong stress-
relaxation tendencies such as the polysul-
fide sealant tested by Cook [68],  the bond 
stress developed upon extension will become 
relatively small in a short period of time. 
These sealants would be expected to be more 
susceptible to problems associated with 
recovery than with adhesive failures. In 
sealants that behave elastically rather 
than viscoelastically, 'application of a 
slow strain rate can cause failure at a 
lower value of extension than would be 
caused by a factor strain rate. This 
relationship was found to be valid for the 
elastic, silicone sealant tested in tension 
by Karpati [71]. The overall time-dependent 
behavior of a sealant is quite complicated 
and depends not only on the elastic and 
viscoelastic characterictics, but also on 
environmental and loading factors. 

Shape Factor 

As a sealant is extended, the cross-
sectional area in the central portion of 
the sealant becomes smaller due to 
stretching. Both the reduced cross-
sectional area and the presence of the 
curved surface cause a concentration of 
stress to develop within the sealant. The 
shape of the rectangular sealant cross-
sections has been found by Tons [59] and 
Minor and Kiesling [69] to have an important 
influence on the theoretical stresses and 
strains which develop in a sealant due to 
the effect of stress concentration. The 
shape factor which is used to define the 
sealant cross-section is defined as the 
depth-to-width ratio of the sealant. 

In an early theoretical study, Tons 
[59] assumed that the deformed shape of the 
sealant surface on the top and bottom is a 
parabola and showed this to be in 
reasonably good agreement with laboratory 
test results. To minimize stress in a 
sealant, Tons concluded that both the top 
and bottom surfaces should be free to assume 
the approximately parabolic deflected shape. 
In practice, a free deflected shape can be 
achieved by placing a bond breaker beneath 



the sealant to prevent adhesion to the 
underlying material. 

More recently, Minor and Kiesling [69] 
have developed a theory for estimating th 
stress concentration in a sealant assuming 
d IILOLC uittpliect Led deuce Led sui Icice shape 
than Tons. This theory was developedusing 
the Neuber equation for stress concentration 
in notches and fillets, and was shown to 
agree quite favorably with the experimental 
data presented by Tons. 

The theoretical influence of sealant 
shape factor and extension on the theoret-
ical maximum stress in a sealant is shown 
in Figure D-l. This figure was developed 
from the data presented by Minor and 
Kiesling [69]. The theoretical results 
indicate that minimum stress concentration 
would occur in a relatively wide joint 
filled with a sealant having a small depth. 
For a joint extension of 25%, which is 
frequently used in design, the stress 
concentration in a square sealant (shape 
factor equal to one) is only approximately 
16%. If the sealant depth is made equal to 
twipe its width (a shape factor of two), 
however, the stress concentration increases 
to approximately 50%. These theoretical 
results indicate that the width of the 
sealant should be at least equal to the 
depth of the sealant to avoid significant 
concentration of stress. From a field 
investigation of the performance of sealants, 
Chojnacki [72] found that joints having a 
square cross-section tended to perform 
better than other sealant shapes investi-
gated. The finding of Chojnacki gives 
support to the concept of stress concentra-
tion and sealant shape factors, although 
other factors such as the presence of a 
bond breaker may have had an effect. 

Effect of Longitudinal Sealant Length 

A sealant installed in the longitudinal 
pavement-shoulder joint has a length which 
is for practical purposes infinitely long 
compared with its width and depth. 
Laboratory specimens used in bond testing, 
however, are usually 1-in, wide, 2-in, deep, 
and 2 in. in length. A study conducted by 
Cook [73] indicates that due to the effects 
of "neck-down" on the ends of a short 
specimen, the stress in the sealant is 
approximately 25% lower than the stress that 
should develop in the field. By using a 
specimen whose length is approximately 4 
times its width, the stress in the sealant 
should theoretically be within approximately 
10% of the value for an infinitely long 
sealant. 

Thermal and Moisture Effects 

Tensile stresses can be induced in a 
sealant due to both thermal and moisture 
gradients developing through the sealant. 
For a uniform temperature gradient through 
the sealant, the stresses developed can for 
practical purposes be approximated as 
follows [74]: 

cc 

o max = 0.5ATaE/(1-) 	 (D-l)  

where 

0max = maximum tensile stress 

AT = temperature change through the 
sealant 

a 	= coefficient of linear expansion 
due to a temperature change 

E 	= modulus of elasticity of the 
sealant 

= Poissons ratio of the sealant 

For reasonable variations in temperature 
gradient and sealant properties, the 
thermal tensile stresses predicted by 
Eq. D-1 should be less than 1 psi since 
sealants usually have relatively low moduli 
of elasticity. Of course, irregular 
boundaries, nonuniform surface temperatures 
and stress concentrations would cause 
somewhat larger tensile stresses and 
possibly critical edge shears. A sealant 
that cools to a low temperature during the 
night could also be subjected to a tearing 
force when the sun heats the upper surface 
of the sealant. 

VELOPED 
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GIVEN IN REFERENCE 69 

SEALANT 
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SEALANT SHAPE FACTOR (DEPTH/WIDTH) 

Figure D-l. Influence of shape factor and 
strain on maximum sealant stress. 

Strain Properties 

Minor and Kiesling [69] have developed 
the following theoretical expression 
relating the number of deformation cycles 
to cause failure with the loading and 
material characteristics: 
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where 

N = 	number of strain cycles to failure 

T = 	relaxation time for the material 

= 	constant applied strain rate 

t1  = 	time duration of applied strain 
rate, 

E = 	modulus of elasticity 

o = 	maximum stress develãped 
max 

= 	maximum strain developed, ct 

Wf  = 	irrecoverable portion of work 
performed 	(estimated from creep 
tests carried to fracture) 

This theoretical expression predicts the 
fatigue life, N, of a sealant subjected in 
a constant temperature environment to a 
cyclic strain having a constant amplitude 
and strain rate. The derivation of the 
expression is based on energy principles 
using a simplified viscoelastic model. 

For sealants that exhibit stress 
relaxation times much larger than the time 
t1 requited to reach the maximum strain 
amplitude,.the fatigue relationships given 
by Eq. D-2 for the loading condition shown 
in Figure D-2 can be approximated by the 
following expression: 

3W ET 

N = 	
(D-3) 

_  Ec 

For a sealant exhibiting strong stress 
relaxation tendencies, this theoretical 
expression has the following practical 
implications: 

A small increase in strain 
amplitude may significantly reduce the 
fatigue life of the sealant'; 

The fatigue life of some sealants 
may be less in the field when subjected to 
a slow rate of strain buildup as compared 
to a relatively rapid cyclic strain 
application usually used in a laboratory 
fatigue test; and 

Brittle materials fail at smaller 
creep strains than flexible ones, and hence 
the value of the Wf term in Eq.. D-3 would 
be smaller for brittle materials. Therefore, 
the fatigue life may be less for more 
brittle sealants than for flexible ones,. 

The theoretical fatigue relations given 
by Eqs. D-2 and D-3 have not been verified 
by laboratory testing. These relationships 
do, however, give an indication of some of 
the significant variables that should be 
studied in future laboratory fatigue test-
ing programs. 

Laboratory Bond Tests 

Chojnacki [72] reported an extensive 
series of laboratory test performed on hot-
poured, rubber asphalt and cold-applied, 
two component polysulfide and polyuretharie 
sealants. Five-cycle bond tests were 
performed at -200F using 50% and 100%  

extension for the two component polysulfide 
and polyurethane sealants. For these 
severe test conditions, a number of 
cohesive type failures were observed 
together with air bubbles and wrinkles due 
to stress relaxation in some of the 
sealants. For the cold-applied polysulfide 
and polyurethane sealants, soaking the 
sealant and blocks for 7 days resulted in 
a significantly more severe test than 
testing without soaking. No clear 
relationship was found between bond perfor-
mance and the fundamental physical proper-
ties such as penetration, flow, and self 
leveling. 

Laboratory tests [75] conducted on 
hot-pour Prestite 357 sealant indicated 
that bubbles can be caused by the initial 
presence of moisture on the faces of the 
concrete at the time the sealant is poured. 
After the sealant cured, bubbles were found 
to form when subjected to a temperature of 
1590F. Bubbles did not develop in the 
rubber sealant which was poured against dry 
blocks, soaked in water after curing, and 
then subjected to a temperature of 1580F. 

Burt, Azar, and Myers [76] performed a 
comprehensive laboratory investigation on a 
number of poured elastomeric sealants. 
Tests performed included cyclic bond 
strength, recovery, ductility, ozone, 
shrinkage, penetration, tack-free time, 
Weatherometer exposure and color. 

Burt et al. performed the series of 
cyclic bond tests in aBostik cyclic test 
apparatus. Unweathered sealant specimens 
(1/2x1/2 x 2 in.) were poured-between 
portland cement concrete blocks and subject-
ed to repeated cycles pf simultaneously 
varying temperature and strain. During 
each 24-hour cycle, the temperature was 
varied between 0 and 1600F with the strain 
being simultaneously varied between 65% 
extension (at 00F) and 35% compression 
(at 1600F). 

The cold-poured elastomeric sealants 
tested were found to fail during the cyclic 
bond test at between 3 and 53 deformation 
cycles. From the results of this 
laboratory study, a tentative criterion was 
established that a sealant, to be used in 
the transverse joint in a portland cement 
concrete pavement, should be able to 
withstand 40 such cycles. Four of the 
sealant specimens that were subjected to 
the cyclic bond test were also subjected to 
the ASTM D750-68 Weatherometer test. It is 
significant that one of the four sealants 
passing 40 cycles of the bond test failed 
the Weatherometer exposure test. Burt, 
Azar and Myers concluded that the most 
significant indicators of performance were 
cyclic bond, percent recovery, ozone, 
shrinkage and Weatherometer tests. The 
disadvantages of this cyclic bond test 
are that unweathered specimens are used 
and the test takes 40 days to perform. 

Cohventional Five-Cycle Bond Test 

A series of conventional five-cycle 
laboratory bond test were performed to 
further evaluate this test and its possible 
limitations as presently performed. 
Materials tested included a commercially 
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available "polyvinyl chloride, "polyure-
thane', and "regular" and "improved" rubber-
asphalt sealant. The primary purpose of 
these tests which were all conducted at 
Georgia Tech was to determine the effects of 
field and laboratory variables on the bond 
strength of typical commercial sealants 
suitable for use in the longitudinal pave-
ment-shoulder joint. other commercially 
available sealants having slightly different 
compositions might perform quite different- 
ly. 

Test variables investigated included 
specimen size, percent extension, strain 
rate, joint preparation, sealant pouring 
temperature, and the relative strength of 
bond to asphalt concrete and portland cement 
concrete blocks. The five-cycle bond test 
results are summarized in Tables u-i to U-]. 
Typical failures observed during the five-
cycle bond tests are shown in Figure D-3. 
A summary of the physical properties of 
the sealants tested reported by the 
manufacturers is given in Table D-8. 

TIME, 

Figure D-2. Fatigue loading condition used 
in theoretical model. 

as the development at any time during the 
test of a crack, separation, or other 
opening 1/4-in, deep at any point in the 
sealant or between the sealant and the 
concrete blocks. To obtain a quantative 
rating for each sealant, specimens that 
passed the five-cycle bond test were 
usually extended either to failure or to 
the limit of the bond test equipment. The 
bond test apparatus shown in Figure 27 has 
the capability of subjecting specimens 
either to single or multiple cycles of 
tension and compression. The testing 
apparatus has two bays and can test up to 
6 specimens at one time. The sealants were 
poured between concrete blocks which had 
aluminum plates epoxy-glued to their backs. 

(a) polyvinyl chloride (b) Spelling failure- 
adhesive failure. 	improved rubber 

asphalt. 

Teo Procedure and Equipment 

The laboratory test results described 
in this section are for sealant specimens 
subjected to the c-.onve.ntion1 five-r.yr.le 
bond test performed at 00F. The bond 
testing procedures used followed AASHO T-187 
and ACT.1 D1191-64 test 	OedULS LALupL as 
indicated. Many of the bond specimens were 
stretched to 100% extension rather than the 
50% extension required by the AASHO and ASTM 
test procedures. Details of the tests are 
also given in Tables D-1 through D-7. TI 
bond tests were performed at a deformation 
rate of 1/8 in. per hour except in the 
tests performed to determine the effect of 
strain rate on the bond strength. The 
concrete blocks were made using a limestone 
aggregate in accordance with Federal 
Specification SS-S-1401A. These blocks 
were believed to be more representative of 
the concrete that a sealant would be placed 
against in the field as compared with the 
cement mortar blocks specified by AASHO 
T-187. All sealants were poured between 
two concrete blocks except for a special 
series of tests described later to determine 
the effect of using both an asphaltic 
concrete and a portland cement concrete 
block. 

In accordance with the AASHO T-187 
specification, specimen failure was defined  

(e) Bond failure to 	(f) Bond failure to 
asphalt concrete - 	asphalt concrete - 
PVC. 	 polyurethane. 

Figure 0-3. Five-cycle bond test specimen 
failures. 

The aluminum plates were screwed to four 
steel angles. The two angles on one side 
of a bay of specimens were attached rigidly 
to the bottom plate of the loading 
apparatus. The two angles on the other 
side were fastened to 5/8-in, diameter 
moving rods connected together by a 
loading yoke. The rods and hence one side 
of the sealants were moved by a 3/4-in. 
diameter threaded rod that passed through 
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the loading yoke on one end and was turned 
by a 340-in.-lb. variable speed, reversible 
1/15 horsepower Bodine motor (Model NSH-
34RJ). 

Table D-l. Effect of specimen size on five-
cycle bond test results for 100% extension. 

Spechnen lose 	(inches) 

- 10202 1/20202 1/201/202 

Passed 5-cycle bend; Adhesion failure Adhesion failure on ° adhesion failore ot 
121% straIn on 
ex 

 
on second cycle 
of bond 

first cycla of 
bond 

Passed 5-cycle bond; Adhesion failure Adhesion failure on '2 
9 

adhesion failure at 
102%itrsin 00 

on eecnod cycle 
of mod 

first cycle of 
bond 

'2 failure 

Passed 5-cycle bond; Passed h-cycle Passed 5-cycle bond; 
no failure at 151% 
strain 00 aotensinnatlOd%strdin 

bend; an failure no failure at 520% 
strain nneotensioo 

5 to failure Oneotensjoe to failure 
to failure for 
2 cycles 

Passed S-cycle bond; Passed 51ycie Passed 	bond; ° nfeilucaat150% bond; fo   iure 
 

at 520% l
5-cyob 

o 
o 1 at 	in on eotenecon 

to failure 
at 400% straIn 
oneotension to 

strain on 
to failure 

'2 '2 failure for 2 
cycle. 

- Peased Sccycss bond; Passed 5-cycle Passed 5-cycle bond; 
no fallace at 150% ocd, no 	esureot 

shrub 	on 
adhosinc foilucest 

strain on eoteos500 
00051 	rHO tO 

394* strom 	on 
feibuce eotncainu to 9' 

I 
5 to failure 

failure cy.l., 
felled 2nd cycle 

0.  at 351%etceun 
inadheiion 

'2 Passed 5-cycle bond; Passed Sccycle Peeled S-cycle bond; 

no failure 
1 	1 0% 

to fei
ItIl

inlure 

f 	1 

first atcano to 

di 	f 	lure at  

- on o 

o 

e 
o 
a 

feilucecycle; 
failed 2nd cyclo 
at 365% cocoon 
in adhesion 

Adhesion failure Adhesion failure in 
'2 

 
in second bond fifth bond cycle 

9' '2 cycle 

'2 
ndhesuoc failure 
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Table 0-2. Effect of strain rate on five-
cycle bond test results. 
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Table D73. Effect of strain rate on five-
cycle bond test results. 
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Table D-4. Effect of type asphalt and 
aggregate gradation on five-cycle bond 
test results. 
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Table D-5. Five-cycle simple shear bond 
test results. 

Shear Distortion 

50% 100% 

Pasaed 1-cycle bond; Passed 5-cycle bond; 
S c adhesion failure at adhesion failure at 362% 
-a c 380% shear deformation shear deformation on strain 

5 on strain to failure to failure 

0 a 
1; 0 

Passed 0-cycle bond; Passed 5-cycle bond; 
-a c adhesion failure at no failure at 412% shear 

• 205% shear deformation deformation on strain to 

5 5 on strain to failure failure 

0. 

° Passed 5-cycle bond; Passed 5-cycle bond; 

a 5 5 no failure at 400% no failure at 412% 
o 0 shear deformation on shear deformation on 
.5 - o strain to failure strain to failure 
e 
8 

0.0 5 

Passed 5-cycle bond; Passed 5-cycle bond; 
0 0 no faildre at 400% no failure at 412% 

0 shear deformation on shear deformation on 

5 5 strain to failure strain to failure 

0 0. 

Passed 5-cycle bond; Adhesion failure is 
- 5 0 no failure at 400% first shear bond cycle 

or  shear deformation 

f on strain to failure 

Passed 5-cycle bond; Passed 5-cycle bond; 
a c no failure at 450% no failure at 412% 

5 55 5 shear deformation shear deformation on 
.- on strain to failure strain to failure 

85.5 8 
Shear Deformation: Variable 	 Number or Cycles: 0 

Rate of Shear Movement: 1/8 in. per hr. 	Temperature: 5°F 
Constant Eatension: 40% (average) 	Concrete Blocks 
Specimen Siae.: 1/2 in. n 1t2 in. 0.2 in. 

Table D-6.. Effect of specimen size on five-
cycle bond test results. 
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Table D-7. Effect of pouring temperature on 
five-cycle bond test results. 

Pouring Temperature 	- - 	- 	- 

- - .40°F 	 Recommended 	- 	 +40°F - 
Too viscous to 	Adhesion and cohesion 	Passed 5-cycle bond; 

5 pour 	 failure on first 	adhesion failure at 
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1) x 
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-a a on second bond 
8. 5 cycle 

A 
- Adhesion fail- 	Adhesion failure 	- 	Passed 5-cycle bond; 

.5 ore on first 	in fifth bond 	 adhesion failure at 
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.2 .5.8.8 8 thermal con- OLO 0, -a traction 
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.2 -2 410% strais 	to failure 	 estession to 
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.5 5 to failure 

Extension; 100% - 	 NueherCycles; 5 
xate of Extension; 1/8in, per hr. 	Temperature; 0 F 
Specimen Size.; 1/2 in. a 1/2 in. o2 in. Concrete Blocks 

Effect of Sealant Dimensions 

Sealant dimensions of laboratory 
specimens studied were 1 x 2 x 2 in., 
1/2 x 2 x 2 in. and 1/2 x 1/2 x 2 in. The 
specimens were elongated in the direction 
of the short dimension of the sealant. The 
results indicated that for the commercial 
type sealants tested using the standard 
five-cycle bond test, specimen size did not 
significantly effect performance. Specimen 
preparation was found not to be affected by 
the use of the three specimen sizes studied 
except for the polyvinyl chloride sealant. 
The 1/2 x 1/.2 x 2-in, polyvinyl chloride 
specimens were found to pour better than 
the other two sizes because of the high 
viscosity of this sealant. 

The use of a 1/2 x 1/2 x 2--in, specimen 
as compared with the standard .1 x 2 x 2-in. 
specimen theoretically should give higher 
stresses due to the end neckdown observed by 
Cook [73]. on the other hand, a 1/2 x 1/2 x 
2-in, specimen would have a shape factor of 
one, and hence should theoretically have 
lower stress concentrations. As a result of 
these two opposing effects, the overall 
theortical influence of change in specimen 
size is not obvious. The use of a specimen 
that is long compared to its width and 
depth is, however, more -representative of 
field conditions. Therefore, .1/2 x 1/2 x 
2-in, specimens were used as the basic size 
for the laboratory sealant studies. 

Adhesion to Asphaltic Concrete. 

A sealant-placed in the longitudinal 
joint between a portland cement concrete 
pavement and an asphaltic concrete shoulder 
must bond not only to portland cement 
concrete but also to asphaltic concrete. 
Therefore, a series of five-cycle bond 
tests were performed at 100% extension using 
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Table 0-8. Summary of manufacturer's physical properties of commercial sealants tested1. 

Sealant 
Four 
Point 
(°F) 

Penetration 
(cm) 

Flow 
(cm). 

Ductility 
(cm) 

Resiliency 
)%) 

Compression 
Recovery 

(in.) 

Minnesota 
Impact 
Test 

General Description 

Regular Single component sealant consisting 
Rubber 380 0.53 .2 - - - - of reclaimed or ground rubber, 
Asphalt asphalt and inert fillers. 

Polyvinyl 250 0.96 None - - - - Polymer Type, hot-poured elasto- 
Chlorrde meric sealant; initially liquid 

before heating. 

Improved 
No Single component sealant consisting 

Rubber 390 .90 .5 45.0 60 0.40 Failure of virgin synthetic rubber polymers, 
Asphalt asphalt, and inert fillers; 

density 8.9 lbs. per gallon. 

Foly- -. 45602 None 99 - - Two part, polyurethane sealant; 
urethane ( 200°F) - requires a primer on a concrete 

surface. 

i. The manutacturer of each sealant will be supplied upon request. 
2. Shore 00 hardness after 72 hours cure at 75 F and 50% relative humidity; material has negligible shrinkage. 

one asphaltiö concrete block and one 
portland cement concrete block. Blocks with 
two different gradations (Table D-9) and 
asphalt cements were used to determine the 
influence these variables have on adhesion 
of the sealant. 

Bond tests were performed using 
asphaltic concrete blocks made with 3/4-in. 
(maximum) aggregate and both AC-20 and 
AC-40 asphalt cements. Although the 
polyurethane sealant passed the five-cycle 
bond test for both asphalt cements, it 
failed in adhesion to the asphaltic 
concrete blocks upon extension to failure 
at an average strain of approximately 200% 
as compared with an average strain of over 
400% when poured against concrete blocks. 
When a coarse asphaltic concrete mix was 
used (1-1/2-in, maximum-size aggregate), the 
polyurethane failed during the first bond 
cycle. The improved rubber-asphalt 
sealants for both grades of asphalt cement 
and both aggregate gradations passed the 
five-cycle bond test and failed in bond to 
the concrete blocks on extension to failure 
at an average strain of 450%. The improved 
rubber-asphalt sealant, therefore, appeared. 
to perform better than the polyurethane 
sealant in the five-cycle laboratory bond 
test when both asphalt and concrete blocks 
were used together. On the other hand, when 
the polyurethane sealant was poured against 
two concrete blocks, better performance was 
observed than for both rubber-asphalt 
sealants and the polyvinyl chloride sealant. 

For blocks made with the finer 
aggregate gradation, practically no 
difference in bond performance was observed 
between the AC-20 and AC-40 asphalt cements 
except for the regular rubber-asphalt 
sealant. For some unexplained reason, this 
sealant performed exceptionally well in 
this test series except for one test. 
Because all failures were in adhesion to 
the concrete blocks, this good performance 
cannot be attributed to the type of 
asphaltic concrete mix. 

Pouring Temperature 

Five-cycle bond tests .using 100% 
extension were performed at the 
manufacturer's recommended0pouring 
temperature and also at 40 F above and  

below it. This test series was performed 
to determine the influence of mixing 
temperature variations on bond performance. 
Hot-pour sealants must be heated sufficient-
ly to reach a pourable viscosity but not 
high enough to cause damage to the 
constituents of the sealant. This means 
that a relatively narrow temperature range 
exists within which the sealant must be 
heated. The permissible heating limits 
can vary significantly and depend upon the 
composition of the sealant. The bond tests 
were performed at 00F. 

When heated to 40°F below the 
recommended pouring temperature, the 
polyvinyl chloride was too viscous to pour. 
When the regular rubber-asphalt sealant 
was heated 40°F below the recommended 
temperature, one specimen was apparently 
damaged during cooling by thermal 
contraction and failed in the first bond 
qycle The improved rubber-asphalt sealant 
performed about as well at the lower 
temperatures as it did at the recommended 
one. 

Table D-9. Stone gradations used in 
asphalt concrete blocks for five-cycle 
bond test. 

Sieve % Passing by Weight 
Ga. A-Mix Ga. E-Mix Size 

1-1/2 100 

1 90 

3/4 80 100 

1/2 60 90 

3/8 50 	. . 	75 
#4 40 60 

#8 30 50 

16 20 35 

50 10 20 

200 5 5 

Asphalt Contents: 	5.5% 	 6.0% 



91 

The polyvinyl chloride and regular 
rubber-asphalt sealants, when poured at 
40°F above the recommended pouring tempera-
ture, were found to perform for the limited 
number of specimens investigated 
significantly better than specimens poured 
at the recommended temperature. A more 
comprehensive test series might indicate 
the higher pouring temperatures to be 
harmful for at least some sealants. The 
improved rubber-asphalt sealant poured at 
400F above the recommended pouring 
temperature failed at 45% lower failure 
strains than specimens poured at the 
recommended temperature. 

Effect of Strain Rate 

The deformation rate of 1/8 in. per 
hour is specified by both AASHO and 
Federal specifications. However, some 
highway organizations were found to have 
testing equipment which, because of the 
gearing used, applied considerably higher 
deformation loading rates. To investigate 
the effects of this factor on bond 
performance, sealants were tested at 
deformation rates of 1/8, 1/4, and 1/2 in. 
per hour. -  All bond test specimens were 
extended to 100% elongation. 

The polyurethane sealant passed the 
100% five-cycle bond test for all three 
strain rates. Upon being strained at 
failure, the polyurethane specimens failed 
at lower strain levels when subjected to 
the faster strain rates. One possible 
explanation for this behavior is that the 
sealant may exhibit some degree of stress 
relaxation. Upon application of the faster 
strain rate the specimen would not relax 
as much as in the lower strain rate tests. 

The improved. rubberasphalt specimens 
also passed the five-cycle bond test for all 
strain rates. As the testing strain rate 
increased, ihO failure strains also 
appeared to increase slightly for the 
limited number of laboratory bond tests 
performed. The polyvinyl chloride 
specimens failed during the first bond-test 
cycle for all three strain rates. The 
regular rubber-asphalt sealant was tested 
at only a strain rate of 1/8 in. per hour, 
and hence the effect of strain rate was 
not determined for this sealant. 

Shear-Bond Tests 

To investigate the effect of a shear 
type movement on bond performance, a series 
of special five-cycle shear bond tests 
(Fig. D-4) were performed on sealant 
specimens. The tests are analogous to the 
standard five-cycle bond test except that 
the specimen is subjected to a simple cyclic 
shear, superimposed on a constant amount of 
extension. Shearing defoimations of both 
50% (1/4 in. deformation) and 100% 
(1/2 in. deformation) were applied to the 
specimens at a rate of 1/8 in. per hour. 
The 1/2 x 1/2 x 2-in, specimens tested were 
subjected to an average constant extension 
of 40%. An asphaltic concrete block was 
not used in this series of tests. 

The polyvinyl chloride sealant when  

tested in shear passed the five-cycle 100% 
shear-bond test and did not fail in shear 
until an average of 387% deformation. 
When tested by extension alone, the poly-
vinyl chloride sealant typically failed on 
the first 100% bond cycle. The results of 
the 100% shear-bond tests on the regular 
rubber-asphalt sealant were inconclusive 
since one specimen failed the bond test in 
the first cycle while the other specimen 
passed the five-cycle shear-bond.test and 
did not fail until a shear strain of 412%. 
Usually when subjected to 100% pure 
extension, the regular rubber-asphalt 
specimens failed the five-cycle bond test. 
The polyurethane and improved rubber-
asphalt specimens passed both the 100% five-
cycle shear-bond test and the 100% extension 
test. 

CYCLIC 
SHEAR 

DEFORMATION 

Figure D-4. Special five-cycle shear 
bond test. 

failurO in 
extension, one improved rubber-asphalt 
specimen failed at a strain of 394% and 
another at 481%. In shear, the improved 
rubber-asphalt specimens had not failed 
after a maximum deformation of 412%. 
The polyurethane specimens passed the five-
cycle bond test during the deformation-to-
failure tests. 

Joint Preparation 

To obtain an indication of the 
possible effects of poor joint preparation 
in the field, standard five-cycle bond 
tests were performed using concrete blocks 
that were not prepared according to 
presently accepted procedures. The sealant 
specimen was 1/2 x 1/2 . x 2 in. and was 
stretched at a strain rate of 1/2 in. per 
hour. Improper joint preparation was 
simulated by not cleaning or brushing the 
concrete blocks after cutting them with a 
diamond saw. Wet joint conditions were 
simulated by saturating the concrete 
blocks until just before pouring the 
sealant; for the polyurethane sealant, the 
blocks were saturated until just before 
priming and then saturated again before 
pouring the sealant. 

The adhesive failures that developed 
during the tests in which the blocks were 
not cleaned were observed to have dust on 
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the failure surface. This limited bond-
test series, however, did not show any 
significant difference in bond performance 
between the sealant specimens poured 
against properly prepared blocks as 
compared with pouring between dirty and 
saturated blocks. Sealants having a 
different composition than the commercial 
sealants tested could be adversely affected 
by these conditions. Some dust may have 
fallen from the surface during preparation 
and handling of the blocks in the 
laboratory, whereas in a field installation 
the dust might remain on the surface of the 
sawed joint. As a result, the laboratory 
bond tests using uncleaned blocks may not 
have simulated actual field conditions. 
Therefore, improper cleaning of the joint 
may have a greater detrimental effect in 
the field than the laboratory test results 
indicate. 

Artificial Specimen Weathering 

For the incremental stress-relaxation 
and the environmental cyclic bond tests, 
the sealants were artificially weathered to 
better simulate actual field conditions. 
Before weathering, the specimens were 
poured between standard concrete blocks to 
facilitate future testing. To simulate 
typical strain conditions in the field, the 
specimens were subjected to a constant 25% 
elongation throughout the weathering 
process. The bottoms of the specimens were 
not supported. 

Nine sealant specimens of regular 
rubber-asphalt, polyvinyl chloride, improved 
rubber-asphalts and polyurethane sealants 
were artificially weathered in the Atlas 
Weatherometer for 302 hours at a temperature 
of approximately 150 F. During weathering, 
the specimens were subjected to approxi-
mately 149 watts per square foot of 
ultraviolet light and a relative humidity 
varying between 25 and 55%. Primarily due 
to the high temperature in the Atlas 
Weatherometer, both types of rubber-asphalt 
specimens flowed and could not be tested 
after weathering. 

A second weathering procedure was 
developed which was less severe than the 
Atlas Weatherometer to reduce the problem 
of the rubber-asphalt specimens flowing. 
The weathering procedure consisted of 
subjecting the sealants to 7 days of 
weathering at a temperature of 1200F, 
approximately 2 watts per square meter of 
ultraviolet light, and a relative humidity 
of 95%. The rubber-asphalt specimens once 
again flowed and could not be tested after 
weathering. Therefore, the temperature was 
decreased to 1000F for this portion of the 
artificial weathering cycle. After 
weathering for 7 days at 1000F, the 
specimens were subjected to an additional 
7 days of a thermal gradient in addition 
to the same intensity of ultraviolet light. 
During this time, the air above the 
specimens was held at a temperature of 40°F 
and the air below the specimen at 00F. 
Thermocouples attached to the specimen, 
however, indicated that the actual 
temperature gradient through the specimen 
may have been only about 100F. All  

specimens were turned over each day to 
reverse the temperature gradient. The 
apparatus used to apply the temperature 
gradient is shown in Figure D-5. Except 
as specifically indicated later, the 
specimens artificially weathered using this 
procedure were used in both the relaxation 
and cyclic environmental tests. 

The artificial weathering sequence 
developed is one of the first attempts to 
weather sealant specimens before 
mechanically testing them. Suggested 
modifications of the artificial weathering 
sequence for future studies include: 

Increase the weathering tempera-
ture to between 110 and 1200F rather than 
100°F; these higher temperatures will 
require supporting the rubber asphalt 
specimens to prevent sagging and flow; 

Experiment using an ultraviolet 
light having an intensity of 100 to 150 
watts per square foot; 

Subject the specimens to an actual 
temperature gradient of approximately 400F; 
and 

Use as a minimum at least 10-and 
preferably a 20-day weathering period for 
both th constant-temperature and 
temperature-gradient portions of the 
artificial weathering test. 

IU LATI AF 

ATURE CON1FOL 

I - 
".- 255. STRAIN SPACER 

Figure D-5. Thermal gradient weathering 
apparatus. 

Incremental Stress Relaxation Tests 

Sealants placed in the longitudinal 
joint between the pavement and the shoulder 
are frequently subjected to relatively 
large permanent movements. The incremental 
stress relaxation test was proposed to study 
the behavior of sealants when subjected to 
this type movement. The test apparatus 
developed is shown in Figure D-6, and the 
test results are summarized in Table D-10. 

The incremental stress relaxation test 
was performed on 1/2 x 1/2 x 3-in. 
specimens elongated in the narrow direction. 
A constant temperature of 00F was maintained 
throughout the test. A relatively small 
strain increment of either 10 or 20% 
extension (0.05 and 0.1 in.) was applied 
every 12 or 24 hours, respectively, until 
failure occurred. To rapidly apply the 
deformation, the upper jamb nuts on the 
relaxation apparatus (Fig. D-6) were first 
raised the required distance using a 
standard calibration block. The lower nuts 
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were then quickly screwed upward until the 
top of the upper plate made contact with the 
upper nuts. only portland cement concrete 
blocks were used in this test series to 
reduce the number of test variables. The 
load on the specimens was measured through-
out the test by means of two SR-4 strain 
gages attached Lu d thin pldtu as showr in 
Figure D-6. 

Figure D-6 . Incremonta stress relaxation 
apparatus. 

Tests were performed on both 
uiiwea LIIUL ud and .xrtificially weathered 
sealant specimens. Table D-lO shows that 
artificial weathering of the specimens 
resulted in a significant decrease in 
failure strain for each type sealant except 
the polyvinyl chloride which failed in 
either case at extensions less than 30%. 
The unweathered polyurethane sealant failed 
at 180% extension but when subjected to 
artificial weathering failure occurred at 
only 60% extension. Furthermore, for all 
type sealants tested, the extension at 
which failure occurred in the incremental 
relaxation test was significantly less than 
that required to cause failure in the five-
cycle bond tests at the conventional 
deformation rate of 1/8 in. per hour. 

Environmental Cyclic Bond Tests 

The same commercial regular rubber-
asphalt, polyvinyl chloride, improved 
rubber-asphalt and polyurethane sealants 
were tested in the environmental cyclic 
bond tests as were studied in the five-
cycle bond and incremental relaxation tests. 
All tests were performed on 1/2 x 1/2 x 2-
in. specimens poured between concrete 
blocks. 

The testing apparatus used to apply 
the cyclic deformation was the same as 
used in the five-cycle bond tests (Fig. 27) 
Two microswitches were used to automatically 
change the direction of deformation. The 
tests were performed in a Blue H environ-
mental chamber at a constant relative 
humidity of 95% at temperatures above 400F. 
The environmental chamber was programmed 
for the desired cyclic variation of 
temperature and humidity. A 12-hour 
deformation and temperature cycle was used 
in these environmental tests. 

Test Series II 

To perform well in the field, experi-
ence indicates that a sealant should not 
be extended to more than 20 to 25% of its 
width. To determine if a cyclic environ-
mental test was feasible at such low 
values ot extension, a preliminary cyclic 
test series was performed. This test 
consisted of both a tension and compression 
cycle over a total time period of 12 hours. 
Zero deformation occurred at a temperature 
of 70°F with maximum extension occurring 
at 0°F and full compression at 1100F. The 
primary tension cycle consisted of first 
subjecting the sealants to 10% compression, 
relaxing it and then extending the specimen 
to 30% extension. The compression cycle 
consisted of deforming the specimen to 23% 
compression and gradually relaxing the 
compression to zero deformation condition 
at 700F. This test was performed at a 
deformation rate of 0.0525 in. per hour 
for a total of 98 cycles. The polyvinyl 
chloride and polyurethane specimens were 
the only ones subjected to the severe level 
of weathering in the Atlas Weatherometer. 
The polyurethane specimens did not fail in 
this test series, but two polyvinyl 
chloride specimens failed after only 2 and 
6 complete cycles. Two other polyvinyl 
chloride specimens weathered using the less 
severe 14-day method did not fail durinq 
98 tension-compression cycles. 

This test series indicated: (1) that 
the tension-compression cycle used was too 
complex for routine testing, and (2) 
weathering can have a very significant 
effect on sealant performance. 

Test Series Ti 

Based on the results of the first test 
series, a simplified 12-hour testing cycle 
was used consisting of a maximum 
elongation of 65% and a compression of 25%. 
The specimens were deformed at a strain 
rate of 0.075 in. per hour. Two polyvinyl 
chloride and two regular rubber-asphalt 
sealant specimens were used in addition to 
one improved rubber-asphalt and one 
polyurethane specimen. All specimens were 
subjected to the 14-day artificial weather-
ing procedure previously described. The 
polyurethane specimen appeared to be in 
good condition at the end of 150 cycles 
and did not show any evidence of 
deterioration due to mechanical or 
environmental factors. The two regular 
rubber-asphalt specimens failed in the 
12th and 13th testing cycles after a 
somewhat gradual adhesive break from the 
concrete blocks. The upper surface in 
both instances developed a ropy appearance 
due to stretching which eventually led to 
a secondary cohesive-type failure in one of 
the specimens (Fig. D-7). The polyvinyl 
chloride specimens failed during the 12th 
and 16th cycle after developing a gradual 
adhesive break from the concrete block. 
The improved rubber-asphalt sealant was 
considered to have failed by the end of 
approximately 100 cycles due to the 
development of a ropy surface in the 
direction of the joint movement. The 
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Table D-10. Summary of incremental stress relaxation test results. 

Sealant Artificial Strain 
Incrcment 3  

Failure Type 
specimen 1) weathering(2) Strain Failure 

No 20% @ 	24 hrs. 
Going from 

Brittle Cohesive Failure 0 to 20% 

Polyvinyl No 10% 9 	12 hrs. 
Going from 

Brittle Cohesive Failure Chloride 10 to 20% 

Yes 10% 9 12 hrs. Going from Adhesive Failure- Clean 
20 to 30% Separation from Concrete 

Going from Adhesive Failure -  Fine 
No 20% 9 24 hrs. 0 to 20% Aggregate and Cement 

Paste Pulled from Concrete 
Regular 

Going from Adhesive Failure - Fine 
Rubber No 10% 9 12 hrs. 110 to 120% Aggregate and Cement 
Asphalt Paste Pulled from Concrete 

Adhesive Failure - Fine 

Yes Going from Aggregate and Cement 
0 to 10% Paste Pulled from Concrete; 

Secondary Cohesive Failure 

Going from Adhesive Failure - Fine 
Improved No 20% 9 	24 hrs. 160 to 180% Aggregate and Paste from 
Rubber Concrete Block 
Aspha it 

Yes 20% 9 	24 hrs. 
Going from Adhesive Failure - Clean 
40 to 60% Separation from Concrete 

No 20% 9 	24 hrs. Going from Adhesive Failure with 

Polyurethane 340 to 350% Secondary Cohesive Failure 

Yes Going from Adhesive Failure 
160 to 180% Beginning 9 80% Strain 

NOTES: 1. All specimens were 1/2 in. by 1/2 in. by 3 in. strained in the narrow 
direction. 

Weathering consisted of subjecting for 7 days the specimen to 1000F, 90 to 
95% relative humidity and 2 watts per square foot of ultraviolet light while 
the specimens were elongated 25%. The elongated specimens were subjected 
to an additional 7 days of ultraviolet light and a temperature gradient of 
400F (top) and 0°F (bottom). 

Extension was applied rapidly at the end of each strain increment. 

Figure D-7. Surface deterioration of 
improved rubber-asphalt in cyclic bond 
test: full extension. 

TEUflRATUP; hr., 

-- 

TENSION 	 COMPRESSION 

DEFORMATION CINCHES, IO5 

Figure D-8. Temperature and deformation 
cycle used for Test Series III. 
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failure was subjective since 1/4-in, deep 
separations did not actually develop in the 
sealant. This surface failure occurred as 
a result of loss of recovery and sagging at 
high temperatures. 

Test Series III 

During Test Series III, thermocouples 
placed in the sealants after failure showed 
that during temperature cycling the minimum 
sealant temperature was 100F even though 
the chamber temperature reached the desired 
minimum value of 00F. Furthermore, maximum 
compression and extensi7on did not occur 
when the sealant was at its maximum and 
minimum temperatures, respectively. To 
corrct these test deficiencies the minimum 
chamber temperature was reduced to -100F so 
the sealant temperature would reach 0°F 
(Fig. D-8). Also, the times at which 
maximum tension and compression occurred 
were shifted to coincide with the end times  

of minimum and maximum temperature cycles 
in the environmental chamber, respectively. 

The same type and number of specimens 
were used as in Test Series II. The 
regular rubber-asphalt specimens failed in 
adhesion at 17 and 24 cycles while the 
improved rubber-asphalt specimen failed 
in adhesion after 68 cycles. The type of 
failure experienced by both type rubber-
asphalt specimens were similar to that 
described for Test Series II. Both 
polyvinyl chloride specimens did surprising-
ly well with both specimens failing in 
adhesion at 76 cycles. The polyurethane 
specimen successfully withstood 110 
extension-compression cycles. Due to 
cycling at slightly higher temperatures, 
the sealants in •this series tended to re-
adhere to the concrete block surfaces 
during compression and would usually pull 
away again during the tension cycle. This 
resealing effect caused the formation of 
an air bubble between the sealant and the 
block in the improved rubber-asphalt. 
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APPENDIX E 

ADDITIONAL DRAINAGE STUDIES 

Laboratory Intrusion Tests on Open-Graded 
Bases 

Introduction 

Cedergren and Godfrey [30] have shown 
the important detrimental effect that water 
has on the structural section of a pavement. 
Control of surface and subsurface water by 
the use of rationally designed drainage 
systems is one approach that can be taken 
to reduce or eliminate structural damage 
due to water. However, the results of the 
field inspection conducted during this 
study and the field studies conducted by 
Cedergren et al. [26] indicate that a 
relatively large proportion of bases and 
subbases presently used do not permit the 
free drainage of water from beneath the 
pavement structure. 

A relatively open-graded base or 
subbase drainage layer placed on the 
subgrade is subjected not only to the 
usual seepage forces but also to repeated 
stress pulses applied by the traffic moving 
over the pavement surface. Both the effects 
of traffic loading and also upward seepage 
of water into the layer can cause intrusion 
of fines into the drainage layer. In the 
past, studies performed to develop filter 
criteria [26,81] to prevent intrusion of 
fines into the drainage layer have not 
considered the effect of repeated stress 
pulses in the drainage layer/subgrade 
system. 

The purpose of this limited laboratory 
study was to determine the magnitude and 
effects of intrusion of the subgrade into a 
relatively open-graded, unstabilized drain-
age layer when subjected to 100,000 repeated 
stress pulses. These tests were performed 
inside a conventional triaxial cell on 
marginal drainage layer-subgrade systems 
to determine the factors affecting the 
severity of intrusion into a filter. 
These limited, tests were performed as a 
supplement to previous filter criteria 
investigations which did not involve 
pulsating stresses [26,81]. Three crushed 
stone filter systems having different 
gradations were constructed over a 
micaceous sandy silt and a cohesionless 
silty sand subgrade. The severity of 
intrusion was studied for both the as-
compacted subgrade condition and also for a 
saturated condition with an upward hydraulic 
gradient of one. 

materials and Specimen Preparation 

The general characteisticS of the 
subgrade and drainage layer materials used 
in the intrusion study are summarized in 
Table E-1 and their gradations are given in 
Figures E-1 and E-2. The crushed stone  

drainage layer material was a granite gneiss 
having a maximum size of 3/4 in. Three 
gradations of the filter layer stone were 
used having permeabilities of approximately 
8, 130 and 960 ft. per day. A silty sand 
having a Unified Soil Classification of SM 
and a micaceous sandy silt (ML) subgrade 
were used with the three filter materials. 
The silty sand and sandy silt subgrades 
were selected because of their relatively 
great susceptibility to erosion. 

Table E-l. Summary of filter and subgrade 
material properties. 

Material (2) 
Yd 
(pcf) 

(2) 
w0pt  

(9) 

Permeability 
(ft/day) percent passing 

 J.Sieve   200 Sieve 

Filter A 
(GM) (1) 123.0 4.0 963 0 5 

Filter B 115.0 5.1 128 3 0 (SW) - 
Filter C 127.0 5.3 8 8 1 
(SW) 
Micaceous 
Sandy 111.0 15.5 - 67 61 
Silt 	(ML) 
Silty 122.0 7.6 - 28 24 Sand 	(SM) 

NOTE: 1. Soil description by the U.S. Corps of Engineers 
Unified Soil Classification System. 

2. Maximum dry density determined by AASIIO T-180 
method of compaction. 

Specimens 6 in. in diameter and 12 in. 
in height were prepared inside a steel mold 
which was removed before testing. The 
subgrade soil was compacted in the lower 
4 in. of the mold in two layers to 100% of 
AASHO T-180 density using a 10-pound 
compaction hammer. An 8-in, thick crushed 
stone drainage layer was then placed on top 
of the subgrade. The granular materials 
were compacted in four equal layers using 
an electro-magnetic vibratory hammer 
operating at a frequency of 3600 hz. 

The specimens were compacted directly 
on the base of the triaxial cell to avoid 
disturbance of the sample upon removal of 
the mold. A three section, split steel 
mold was placed around the bottom porous 
stone on the triaxial base and clamped 
together by three steel rings. A thin 
rubber membrane later used to confine the 
specimen in the triaxial cell was placed in 
the mold to be in cdntact with the specimen. 
To prevent puncturing the rubber membrane 
during specimen preparation, a relatively 
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thick rubber liner was placed between the 
rubber membrane and the steel mold. 

The amount of dry soil required for 
each layer was mixed with the proper amount 
of water, sealed in plastic bags, and 
allowed to cure for approximately 24 hours. 
The air-dry crushed stone drainage material 
was first sieved into specific stone sizes. 
Just before compacting, the required amount 
of each size stone was weighed out and 
thoroughly mixed with the required quantity 
of water to give the exact gradation. The 
required amount of wet stone for each two-
inch compacted layer was weighed out and 
placed in plastic bags to prevent moisture 
loss. The material from each bag was 
placed in the mold and compacted with the 
vibratory hammer. After specimen preparation 
a vacuum was applied to the inside of the 
specimen and the split mold was carefully 
removed from around the specimen. 

50 

3)4 314°  4 	13 	20 40 40 100 200 
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Figure E-l. Crushed porphyritic granite 
gneiss filter material gradations. 

1.0 	 0.1 	 10.01 	 0.041 

GRAIN SIZE MILLIMETERS) 

Figure E-2. Gradations of the silty sand 
and sandy silt subgrade soils. 

Equipment 

Repeated axial deviator .str,esse.s were 
applied to the specimens using a pneumatic 
loading system which has been described 
elsewhere [85]. The pneumatic system used 
to apply the pulsating axial deviator 
stress consisted of a five-way, pilot-
operated spool valve which controlled the 
air pressure to a rolling diaphr.am  piston. 
The solenoid pilot valves were controlled 
by means of an electronic timing unit. 

Axial deformation was measured using a 
pair of small displacement transducers 
(LVDTs). Elastic deformation was measured  

over the middle one-half of the specimen by 
means of a pair of LVDT's mounted on 
plexiglass clamps which were attached 
directly on the specimen. Plastic 
deformations were measured using two LVDT1 5 

whose probes rested o a p,lecjg,lass plate 
clamped to the load piston on the outside 
of the triaxial cell. 

The permeability of the drainage layer 
was determined by means of a constant head 
permeameter following the California 
Division of Highways, Test Method No. 
220-B [87]. 

Testing Procedure 

To evaluate the e.ffect of intrusion of 
fines into the drainage layer under 
simulated traffic loading conditions, each 
specimen was subjected to 100,000 load 
repetitions under a constant confining 
pressure, 03, of 3 psi. All tests were 
performed using a deviator stress, 
olo3, equal to four times the confining 
pressure. The specimens were isotropically 
consolidated with free drainage being 
permitted from inside the specimen through-
out the test. 

All specimens were subjected to 30 
load pulses per minute having a- duration of 
0.1 sec. The 0.1-second pulse time 
corresponds to approximately the average 
time a pulse is applied to the lower part 
of a base course of a typical flexible 
pavement by a vehicle traveling at 25 to 30 
mph. Each combination of subgrade soil 
and drainage layer was tested in both the 
compacted condition and also with an upward 
flow through the specimens sufficient to 
cause a hydraulic gradient of one. To 
saturate the specimens, the confining 
pressure was reduced to a small value, and 
water was allowed to flow by gravity upward 
through the specimen and out the top. .A 
small vacuum was applied to the top of the 
specimen to insure removal of all the air 
from the system. 

Upon completion of the test at 100,000 
load repetitions, the test apparatus was 
dismantled. Grain size tests were then 
performed on 1-1/2-in. thick slices of the 
drainage layer to determine the approximate 
change in gradation of the drainage layer 
due to intrusion. 

intrusion of Soil Into the Drainage Layer 

The test results indicated that 
factors influencing intrusion under a 
condition of repeated loading include the 
following: 

The moisture and seepage condition 
existing in the subgrade.; 

The uniformity of gradation of the 
drainage layer; and 

The position of the gradation 
curve for the drainage Layer with respect 
to the allowable limits established by 
filter criteria. 	- 

For the materials and test conditions used 
in this study, the actual depth of 
intrusion of the subgrade soil into the 
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drainage layer was found not to exceed 
1-1/2 in. with the depth of intrusion 
generally being much less. Typically an 
increase in fines of 0.3 to 0.5% occurred 
throughout the drainage layer due to the 
breakdownof particles during compaction. 
Little or no difference was observed between 
the amount of intrusion of the silty sand 
and sandy silt subgrade. The typical 
variation of the increase in fines through 
the drainage layer is shown in -Figure E-3 
for both as the compacted and wet subgrade 
conditions. 

1.0 

LAYER NUMBER 

() AS COMPACTED CONDITION 

1.5 INCH THICK LAYERS 

INTRUDED FINES 

DEGRADED STONE 

- 

- 

 - - 	-  	-- - - - - - - - - - - - - - - - - - 

LAYER NUMBER 

(b) UPWARD FLOW CONOITION—HYORAULIC GRADIENT OF ONE 

Figure E_3. ICtrusion of fines into 
drainage layer: stone gradation A over 
silty sand subgrade. 

The test results indicate that upward 
seepage of water into the drainage layer 
together with the application of repeated 
stress pulses result in the greatest amount 
of intrusion of soil. In going from the as-
compacted condition to the condition of 
upward flow under a hydraulic gradient of 
1.0, the amount of infiltration was found 
to increase by a factor of approximately 
three. 

The percent intrusion was defined 
differently for the different gradations of 
filter material because the coarse filter 
A material had no sizes smaller than a 
No. 30 sieve, all particles smaller than 
the No. 30 sieve were considered either 
intruded or degraded. The medium and fine 
filters (Filters B and C, respectively) 
both had fines smaller than the No. 200 
sieve. The increase in sizes finer than 
No. 100 was used as a basis for determining 
intrusion for these materials. Defining 
intrusion in this way resulted in 
relatively good correlation between the 
drainage layer uniformity coefficient and 
intrusion. The uniformity coefficient, Cu, 
is defined as D60/D10 where D60 is the grain 
diameter for which 60% by weight of the 
material is finer, and DlO is the diameter  

for which 10% of the material is finer. 
A uniformity coefficient greater than 6 is 
usually interpreted as indicating a well-
graded material while a value less than 4 
indicates a uniform gradation. The 
drainage layer materials tested in this 
investigation were all well-graded by this 
criterion with the uniformity coefficient 
varying between 7.6 and 18. 

The amount of intrusion in the first 
1-1/2-in, thick layer of drainage material 
above the subgrade was found to be almost 
inversely proportional to the uniformity 
coefficient for, the drainage layer material 
as illustrated in Figure E-4. In this 
figure, for a given set of data, only the 
gradation of the drainage layer changes; 
the subgrade soil and moisture conditions 
remain the same. For general comparisons, 
the filter criteria recommended by the 
Corps of Engineers [82] can be used to 
establish a set of extreme bounds on D15 
of the drainage layer materials as follows: 

D15F < 5D85S 
(E-1) 

D15F > 5D15S 

where D15 and D85 are the grain diameters 
for which 15 and 85% of the soil is finer, 
and F and S indicate the filter material 
and soil respectively. For comparative 
purposes Position Weight Factors, WPI 
based on D15 of the drainage layer, were 
assigned to each subgrade-drainage layer 
combination studied. The Position Weight 
Factor indicates the relative position 
where the drainage layer gradation curve 
passes through the allowable limits for D15 
of the drainage layer. Using this approach, 
a filter having the coarsest gradation 
allowed by the above filter criteria was 
arbitrarily assigned a Position Weight 
Factor of zero, whereas one having the 
finest allowable gradation was given a 
value of ten. For the materials tested, 
the Position Weight Factors varied between 
0.79 and 5.23. 

15  
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Figure E-4. Influence of uniformity of drain-
age layer on intrusion of subgrade soil. 

NOTE. INTRUOION TO 
1.5 INCH DEPTH 
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For the as-compacted subgrade condition, 
intrusion of the sandy silt subgrade into 
the upper 1.5 in. of the drainage layer 
tended to increase very slightly from 
approximately 4 to 5% as the Position 
Weiyht Factor decreased (epproached the 
coarser limit) as shown in Figure E-5. 
Intrusion of the silty sand subgrade into 
the drainage layer was found for the 
variables studied to be almost independent 
of the Position Weight Factor, remaining at 
approximately 3.3% intrusion for Position 
Weight Factors between 1.1 and 5.2. 

When subjected to a hydraulic gradient 
of one, intrusion of both the sandy silt 
and silty sand subgrades into the lower 
1.5 in. of the drainage layer was found for 
the variables studied to vary almost 
inversely with the Position Weight Factor 
(Fig. E-5). The intrusion that occurred 
under a hydraulic gradient of one was 
approximately three times that which 
occurred with the subgrade in the as-
compacted condition. 

To observe graphically the combined 
effect of uniformity and the D15 grain 
size of the drainage layer, an Intrusion 
Index, I, was defined as follows: 

I 	= 	(W u 	p 
+ w )/2 	 (E-2) I  

where 

W = Uniformity Weight Factor which 
U 	is defined as the uniformity 

coefficient Cu  for C < 10 ; for 
a uniformity coefficient Cu> 10 
the Uniformity Weight Factor is 
taken as 10. 

W = Position Weight Factor which has 
been previously defined. 

The generalized relationship between 
the combined effects of uniformity and D15 
grain size is shown in Figure E-6. This 
figure shows that, for the variable 
studied, intrusion is approximately 
inversely proportional to the Intrusion 
Index. Furthermore, an upward flow with a 
hydraulic gradient of one into the drainage 
layer resulted on the average in slightly 
more than three times the amount of 
intrusion which occurred in the as-compacted 
condition without an upward flow of water. 

In interpreting the intrusion test 
results, consideration should be given to 
the fact that, although the drainage layer 
passed the filter requirements given by 
Eq. 1 of this Appendix, the combinations 
of drainage layer and subgrade materials 
tested did not pass either one or both of 
the additional filter requirements of 
D15F < 40 D15S and D50F < 25 D505 given 
in Chapter 2. Therefore, the approximately 
2 to 15% intrusion observed would appear 
to be reasonable considering the level 
of repeated stress pulses applied to the 
specimens. The larger amounts of intrusion 
occurred during application of both the 
repeated stress while the specimens were 
subjected to a hydraulic gradient of one. 

Infiltration Studies 

A series of water infiltration tests 
was conducted in.Georgia on 1-85 Southwest 
of Atlanta. The purpose of these tests 
was.to  determine the amount of rainfall 
infiltrating into transverse joints in the 
mainline portland cement concrete pavement 
and the unsealed joint between the mainline 
pavement and the asphaltic concrete 
shoulder, and random cracks in both 
surfacings. A description of the method of 
measurement was given in Chapter 2. The 
physical characteristics of the sites 
together with the results of the study are 
summarized in Table E-2. 
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Figure E-5. Influence of D15 filter on 
intrusion of subgrade into drainage layer. 
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Figure E-6. Combined influence of 
uniformity and grain size intrusion into 
filter layer. 



Table 5-2. Summary of water infiltration measurements on Georgia 1-20. 

Characteristic. 
Site A 

(Milepost 59.5) 
Site B 

(Milepost 55) 

Pavement PCC PCC 
Thickness 9 in. 10 in. 
Base 3 in. Bit. Stab. Soil Aggregate 
Subbase 5 in. Crushed Stone 9 in. Select Borrow 

Shulder 
SurfacIng 1.5 in. AC 1.5 in. AC 
Base 6 in. C.T. Aggregate 6 in. C.T. Aggr. 
Subbase 1.5 in. Class I-B 2.5 in. Drainage Layer 

Subgrade Soil Micaceous Silty Sand Micaceous Silty Sand 
(Fill) (Fill) 

Longitudinal Grade + 0.79% + 0.96% 

Pavement Cross Slope 1.18% 1.07% 

Shoulder Cross Slope 4.20% 3.89% 

Transverse Joint Spacing 30 ft. 30 ft. 

Transverse Joint Width 1/4 in. 	(sealed) 1/4 in. 	(sealed) 

Longitudinal Pavement- 
Shoulder Joint Width 1/4 in. 	(not sealed) <1/8 in. 	(not sealed) 
(Pavement to Shoulder) 

Vertical Drop at Pavement 1 in. <1/4 in. 
Edge 

Mainline Pavement Faulting 1/4 in. <1/10 in. 

Pumping Condition Bad None 

Results 

Infiltration- 	I Drainage Area 3.12 	sq. 	ft. 306 sq. 	ft. 
infiltration: 

Feb. 	3, 	1975 + 	3% 	(78.8) + 	64% 	(55.6) 
Feb. 	22, 	1975 - 	2% 	(39.8) + 64% 	(18.1) 

I. The drainage area was determined by fine level grid. 

2. The cumulative average rainfall on the drainage area during a one-hour 
measurement period (in.3) 
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Draft Specifications for Hot-Poured, 
Rubber-Asphalt Type Sealants for Longi-
tudinal pavement-Shoulder Joints 

Except as modified herein, joint 
sealants shall meet the tentative 
specifications given in ASTM D3405-75T. 

I. Physical Requirements 

Penetration. The penetration at 
770F (250C), 5s, shall not exceed 90 
(0.9 cm). 

Flow. The flow at 140
0
F (600C) 

shall not exceed 1.0 cm. 

Field Flow Test. Sealant samples 
taken in the field from the heating kettle 
shall not flow more than 2.0 cm. 

Res,lience. When tested at 77 
0F 

(250C), the recovery shall be a minimum of 
60%. The initial indentation shall not 
exceed 0.15 cm and shall not be less than 
0.05 cm. 

Bond Test. The sealant shall be 
tested at 00F (-17.80C) for five complete 
cycles. The development at any time during 
the test procedure of a crack, separation, 
or other opening that at any point is over 
1/4-in. (6.3 mm) deep in the sealant or 
between the sealant and the blocks, shall 
constitute failure of the test specimen. 
At least two test specimens in a group of 
three shall pass the bond test. If 
practicable, the bond tests shall be 
performed on specimens which have been 
artificially weathered as described in 
Chapter 3 and Appendix D. The bond test 
shall be performed at 100% extension. 
Specimens either 1 in. by 2 in. by 2 in. 
or 1/2 in. by 1/2 in. by 2 in. should be 
extended in the narrow direction. The 
sealant specimen shall be poured against 
one portland cement concrete block and one 
asphalt concrete block. The portland cement 
concrete block shall be made in accordance 
with ASTM test method D3408-75T. The 
asphalt concrete block shall be representa-
tive of the mix to be used on the shoulder 
which will be in contact with the joint 
sealant. 

Retest for Bond. If the first set 
of specimens prepared fails to meet the 
requirement for bond, repeat the bond test 
on a new set of specimens, provided the 
safe-heating temperature is found to be 
more than 200F (11 C) higher than the 
temperature of the material used in pouring 
the bond test specimens that failed. The 
test specimen for retest shall be prepared  

with the joint sealant heated to a higher 
temperature than used for the specimens 
that failed, but this temperature shall be 
at least 200F (11°C) below the safe heating 
temperature. 

p. Brittleness Test. Either the 
incremental stress relaxation test or else 
the Minnesota Impact test should be 
performed to insure that a brittle type 
failure does not result from the sudden 
movement of the longitudinal joint. 

Incremental Stress Relaxation 
Test: shall be performed at a constant 
temperature of 00F (-17.80C) on 
artificially weathered specimens. 
Increments of 10% extension shall be appli 
every 12 hours. Specimens 1/2 in. by 
1/2 in. by 3 in. shall be tested in the 
narrow direction. Mildly weathered 
specimens such as those tested in this 
study shall withstand a total extension of 
100% and severely weathered specimens 50%. 
Details of the test are given in Appendix 

Minnesota Impact Test: shall 
be performed in accordance with Minnesota 
Department of Highways Standard 
Specifications and Test Methods. 

II. Test Methods 

All tests shall be performed in 
accordance with ASTM test method D3408-75T 
as indicated herein. 

Draft Specifications for Sealing the 
Longitudinal pavement-Shoulder Joints with 
Hot-poured Elastic Sealants 

Scope of Work 

The. contractor shall furnish all 
labor, equipment, and materials necessary 
to construct and seal the longitudinal 
joint between the portland cement concrete 
pavement and the asphalt concrete shoulder 
in accordance with the plans and these 
specifications. 

Material 

The joint shall be sealed with a hot-
poured, elastic type joint sealant which 
conforms to the material properties given 
in this Appendix. 

ed 
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III. Equipment 

General. All equipment used in the 
performance of the work required by this 
specification shall be of a type suitable 
for performing the work and shall be 
maintained in a satisfactory working 
condition at all times. The equipment 
shall be approved by the engineer prior to 
its use. 

Saws. Saws for cutting the joint 
shall be adequately powered and furnished 
with suitable diamond or abrasive blades to 
efficiently cut.the joints to the specified 
dimensions. Each blade of multiple-blade 
saws shall be maintained in accurate 
alignment with respect to the other blades. 
A suitable device shall be provided to 
guide the saw along the required alignment 
of the joint, except that manual guidance 
of the saw will be permitted if results 
obtained are considered satisfactory by 
the engineer. 

Melting Kettle. The heating kettle 
used to melt the joint sealing compound 
shall be mounted on rubber wheels and of 
the indirect-heating, double-boiler type. 
The kettle shall have a positive thermo-
statically-controlled source of heat between 
2000F and 5000F, and a suitable temperature 
indicating device. The heated sealant shall 
be agitated in the kettle at all times by 
means of continuous stirring with 
mechanically operated paddles and/or by a 
continuous circulating gear pump attached 
to the heating unit. 

- Propane Torch. The propane torch 
unit shall operate at a temperature of 
30000F and create an air velocity of at 
least 2000 ft. per second within the joint. 

Air Compressor. Air compressors shall 
be portable and capable of furnishing not 
less than 10 cubic feet of air per minute 
at pressures not less than 90 psi at the 
nozzle. The compressor shall be equipped 
with traps that maintain the compressed 
air free of soil and water. 

Applicators. 

Gravity Feed: Hand pouring pots 
must be equipped with mobile carriage 
and rubber shoe and have a flow 
control valve which allows all joints 
to be filled to refusal so as to 
eliminate all voids or entrapped air, 
and not leave excessive joint sealant 
on the pavement surfaces. 

Pressure Type: Pressure type 
applicators

'
shall be equipped with a 

nozzle that will fit into the bottom 
of the joint, through which the 
sealing compound will be forced under 
pressure. The pressure shall be 
regulated by means of a bypass valve. 

IV. Longitudinal Joit Construction 

Longitudinal Joint. The longitudinal 
joint between the portland cement concrete 
pavement and asphaltic concrete shoulder  

shall be cut with a saw having either a 
diamond or abrasive blade. If abrasive 
blades are used, the cut shall be made dry. 
Before cutting, the asphaltic concrete 
shall have aged .sufficiently to allow a 
clean cut to be made and to withstand the 
eroding effects of the saw. The saw cut 
shall be made so as to obtain a cut of 
uniform width and depth along the length of 
the joint which equals or slightly exceeds 
the dimensions specified in the plans. The 
saw cut shall be made to form vertical 
joint faces and to'remove all asphaltic 
concrete from the portland cement concrete 
face of the joint leaving clean surfaces on 
both sides. The face of the joint in the 
asphaltic concrete shall be parallel to 
the portland cement concrete pavement edge. 
Immediately after sawing, the joint shall 
be thoroughly flushed with water to remove 
the sawing slurry. 

If the asphaltic concrete pavement is 
equal to or greater than 6 in. in thickness, 
the longitudinal joint can be constructed 
by first forming a joint having a width 
approximately 1/4 in. less than the 
final joint size. The joint shall then be 
sawedto the specified final dimensions 
using the methods described in the 
paragraph above so as to leave exposed 
aggregate on the asphaltic concrete side 
of the joint and a clean surface on the 
portland cement concrete side. The method 
used to form the joint shall be approved 
by the engineer prior to beginning 
construction of the joint. 

Just prior to sealing, the joint shall 
be thoroughly blown out with compressed air. 
As an alternative, the contractor can clean 
and dry the joint with a propane torch 
unit immediately before sealing. 

Hot Pour Elastic Type Joint Sealant 
Installation 

Joints shall not be sealed until they 
have been inspected and approved by the 
engineer. At the time of sealing, the 
joint shall be dry and clean of all debris, 
dust and other foreign matter. Joints 
shall only be sealed when the air 
temperature in the shade is above 45 F or 
at 450F and rising. The joint sealing 
material shall be heated and applied at a 
temperature specified by the manufacturer 
and approved by the engineer. The joints 
shall be filled flush with the pavement 
surface or not more than 1/8 in. above 
the surface. The joint shall be 
immediately refilled at any location where, 
after a time interval of not less than 24 
hours nor more than 48 hours, the average 
sealant depth is 1/8 in. or more below the 
pavement surface. 

The temperature of the sealant at the 
time of pouring shall be within ± 10 F of 
the pouring temperature recommended by the 
manufacturer. The sealing compound shall 
be poured as soon as possible after being 
heated to the designated pouring tempera-
ture. If at any time the. temperature of 
the compound going into the joint is found 
to be less than that specified above, 
pouring shall be discontinued until the 
material is brought to the required 
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temperature. Any sealant which has been 
heated above the maximum safe heating 
temperature given by the manufacturer shall 
be wasted. 

Only an amount of material shall be 
melted in one day as can be poured on that 
day. When the sealant has been heated as 
described above, it shall be kept at a 
uniform temperature until it is placed in 
the joint, except that the material shall 
not be kept hot in the melting kettle or 
applicator for more than 6 hours. If 
circumstances prevent pouring the melted 
compound within that time, the contractor 
may permit the compound to cool0to a 
temperature between 275 and 325 F and keep 
it at that temperature until just prior to  

the time filling operations are resumed. 
In no case shall material which has been 
heated longer than its pot life be used. 

V. 	Bagis of Pamen.t 

Payment will be made at tie contract 
unit price per linear foot of longitudinal 
pavement-shoulder joint completed and 
accepted by the engineer. This payment 
shall be full compensation for all 
materials, labor, and equipment required 
to cut and clean the joint and seal it 
with hot-pour elastic type joint sealant 
in accordance with the plans and the 
applicable specificatiOns. 

$ 
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