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Sawing and Sealing of Joints in Asphaltic 
Concrete Overlays 

WALTER P. KILARESKI AND RICHARD A. BIONDA 

One method used to rehabilitate portland cement concrete pave
ments is to place an asphaltic concrete (AC) overlay on the exist
ing pavement. The overlay, which can improve the pavement's 
structural capacity and rideability , can also create maintenance 
problems. These problems result from reflection cracking at the 
location of joints and cracks in the underlying slab. A method 
used to control the reflection cracking problem is to saw a joint 
in the AC overlay above the existing joint and then seal the joint 
(i.e ., sawing and sealing). The performance of AC overlays with 
sawing and sealing was the subject of a national study. Pavements 
with up to 10 years of service life were evaluated through con
dition surveys, roughness measurements , and deflection measure
ments . Both saw-and-seal pavements and control sections were 
evaluated. The analysis indicated that sawing and sealing improves 
the rideability of the AC overlay and significantly reduces the 
amount of transverse reflection cracking. 

One method used to rehabilitate portland cement concrete 
(PCC) pavements is to place an asphaltic concrete (AC) over-

. lay on the existing pavement. The overlays can help improve 
the structural capacity and rideability of the pavement. Although 
an overlay can improve the pavement performance, it can 
also create some maintenance problems . Generally, mainte
nance problems result from reflection cracking at the location 
of joints and cracks in the underlying slab. The reflective 
cracks can occur soon after the completion and placement of 
the overlay , thus reducing the cost-effectiveness of the overlay. 

Numerous techniques and treatments have been tried to 
prevent or minimize the reflection cracking problem. Some 
of the treatments include the use of fabrics, stress-relieving 
interlayers, crack-arresting interlayers, and cracking and seat
ing. The results of these treatments vary considerably. However, 
reflection cracking appears almost impossible to stop. 

Because of this difficulty, some agencies have decided to 
control the problem rather than eliminate it. One method is 
to saw a joint in the overlay above all existing transverse joints 
immediately after its placement and completion, as shown in 
Figure 1. The joints are sealed with joint sealant material and 
subsequently maintained as typical pavement joints. 

REFLECTION CRACKING FAILURE 
MECHANISM 

Attempts to prevent the occurrence of reflective cracks in an 
AC overlay have been reported (J) as early as 1932. Since 
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that time, most of the advancements in the state of the art 
for reflective crack prevention have come primarily from 
experience gained through trial-and-error experiments on in
service pavements . Only in the last 10 to 15 years have the
oretical studies of reflection cracking been conducted. Although 
these studies have not succeeded in developing a method that 
prevents reflection cracking, they have provided a better 
understanding of the mechanisms that cause an overlay to fail 
in this manner. 

Pavement researchers generally agree that the primary 
mechanisms leading to the development of reflection cracks 
in an AC overlay are the horizontal and differential vertical 
movements at joints and cracks in the existing pavement, with 
horizontal movements considered more critical (2-6). Smith et 
al. (5) stated that these damaging horizontal movements are 
caused by three factors: traffic loadings, seasonal temperature 
changes, and daily temperature cycles. 

Traffic loadings are responsible for differential vertical 
movements that occur at underlying joints with poor load 
transfer and at working cracks . Jayawickrama et al. (7,8) 
stated that three stress pulses occur as a moving wheel load 
travels across an underlying joint or crack, as shown in Figure 
2. These st1ess pulses create stress concentrations that lead 
to reflection cracking. 

Seasonal temperature changes and daily temperature cycles 
cause expansion, contraction , and curling in the existing slabs 
and overlay (Figure 3). A change in the moisture content 
(moisture differential) will also cause the slab to warp, cre
ating stress concentrations in the overlay that can lead to 
cracking. The actual amount of movement is controlled by 
the temperature change, the thermal coefficient of expansion 
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FIGURE 1 Schematic illustrating the saw-and-seal method of 
reflective crack control (17). (The sawed joint should be within 
1 in. of the underlying PCC joint to prevent secondary 
cracking.) 
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FIGURE 2 Shearing and bending stresses in an AC overlay 
resulting from a moving traffic load (7). 
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FIGURE 3 Stress concentrations in an AC overlay resulting 
from thermal curling of the pavement slab. 

of the pavement materials, the joint or crack spacing, and the 
amounts of friction between the slab and base layer and between 
the overlay and PCC slab (8). 

EARLY ATTEMPTS AT SA WING AND SEALING 

The concept of sawing and sealing joints in an AC overlay as 
a method of controlling the location and severity of reflective 
cracks seems to have been first recommended in 1954 by Bone 
et al. (9). As a potential solution to the reflection cracking 
problem, they suggested the following: 

Accept the cracks and develop adequate means for maintaining 
them. To avoid the difficulty of filling narrow and crooked 
cracks, it has been suggested that grooves be sawed in the 
resurfacing over joints in the concrete and that these sawcuts 
be filled with elastic material. 

Several states, particularly in the northeastern United States, 
have developed procedures for the design and construction 
of the saw-and-seal rehabilitation technique. Connecticut, 
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Massachusetts, and New York have used the technique for 
many years and consequently have the most experience with 
sawing and sealing. Massachusetts investigated grooving exist
ing cracks in the asphalt overlay before adding sealer. This 
process resulted in improved sealer performance, which 
subsequently led to additional saw-and-seal treatments. 

Wilson (10) reported on Connecticut's first experience with 
sawed joints in an AC overlay . His object was to determine 
whether sawing and sealing joints in the overlay would extend 
the maintenance-free life of the overlay enough to justify the 
additional construction cost. In 1958, researchers sawed joints 
in the overlay on two sections of highway: US-7 in Norwalk 
and US-1 in East Haven. Wilson stated that the sawed joints 
on these two projects performed well, but that adhesion 
failure of the sealer was a problem. 

After testing such methods as bond breakers , reinforcing 
mesh, and fabrics for controlling reflection cracking, and 
obtaining poor or inconsistent results, the New York Depart
ment of Transportation (NYDOT) decided to investigate the 
sawing and sealing of joints in AC overlays. Noonan and 
McCullagh (11) and Vyce (12) reported on the construction 
of two experimental sections of roadway. Other studies were 
subsequently conducted by New York and, on the basis of 
the results , New York now saws and seals transverse joints 
on all new AC overlays on PCC pavements. 

Although there have been numerous experiments with the 
sawing and sealing of joints in AC overlays, there has been 
little or no evaluation or documentation of the field perfor
mance of the technique on either a regional or a nationwide 
basis. An in-depth evaluation of sawing and sealing was ini
tiated to provide information on the expected performance 
life of the technique. 

A major FHWA project titled Performance/Rehabilitation 
of Rigid Pavements developed design and construction guide
lines for the sawing and sealing of joints in AC overlays (13) . 
These guidelines will become part of FHWA's Pavement 
Rehabilitation Manual. 

SAW-AND-SEAL STUDY SECTIONS 

Five categories of data were used in the analysis and devel
opment of improved design and construction procedures: 
measured field performance, original PCC pavement design 
factors, overlay design factors, traffic, and environmental data. 
These data were obtained from pavement condition surveys, 
state highway agency as-built plans and special provisions, 
and other agency records. In general, the procedures specified 
in the Strategic Highway Research Program (SHRP) Data 
Collection Guide for the Long-Term Pavement Performance 
Studies (14) were used. 

Several criteria were used to identify a group of candidate 
saw-and-seal projects. The first criterion was to include study 
sections from each of the four major environmental zones of 
the country. This criterion could not be satisfied, because most 
of the saw-and-seal overlays identified were in the north
eastern United States, a wet-freeze zone. Although one saw
and-seal overlay was identified in Arizona in the dry-freeze 
zone, and another was found in North Carolina in the 
wet-nonfreeze zone , these overlays had been in service less 
than 1 year at the time of the field surveys. Because it was 



36 TRANSPORTATION RESEARCH RECORD 1268 

believed that no discernible performance trends would be 
observed on these pavements, they were not selected for the 
study. Other states, such as Georgia, Virginia, and Louisiana, 
have tried sawing and sealing but have not documented the 
performance of these projects. 
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The second criterion was to select pavement sections for 
which past field performance, original PCC pavement and 
overlay design details, and historical traffic volumes could be 
obtained from the appropriate state agencies. 
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Finally, special consideration was given to saw-and-seal 
overlays that had adjacent control sections available for com
parison. Using these criteria, 10 projects with a total of 15 
overlays were identified and selected for study. Table 1 lists 
the 15 selected pavement sections. 
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Two of the more important design variables considered 
when selecting the sections were the age and the thickness of 
the overlay. The age of the selected overlays varied from 2 
to 10 years, and the thickness ranged from 2 to 4.5 in. The 
distribution of the overlays by age and thickness is shown in 
Figures 4 and 5, respectively. 

2 3 4 5 II 7 8 9 10 11 12 
Overley Age <years) 

FIGURE 4 Age distribution of study sections. 

TABLE 1 PAVEMENT SECTIONS SELECTED FOR INCLUSION IN THE STUDY 

Project No. Route Location Lane 

1 I-91 Meridan, CT NB 

2 I-84 New Britain, CT EB 

3 (A) I-95 Falmouth, ME (control) NB 

3(B) 1-9'.> Falmouth, ME NB 

4(A) US-22 Somerville, NJ WB 

4(B) US-22 Somerville, NJ (control) WB 

S(A) I-80 w. Paterson, NJ (control) EB 

S(B) I-80 w. Paterson, NJ EB 

6 (A) Route 5 Caledonia, NY (control) EB&WB 

6(B) Route 5 Caledonia , NY EB&WB 

7 I-81 Syracuse, NY NB 

8 I-87 Albany, NY SB 

9(A)* I-70 Columbus, OH EB 

9(B) I-70 Columbus, OH EB 

10 US-22 Huntingdon, PA EB&WB 

*Sections A and B due to different sealant materials, 
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FIGURE 5 Overlay thickness distr ibution of the study 
sections. 

FIELD DAT A COLLECTION 

A thorough condition survey of each pavement section was 
conducted during July and August 1987. The procedures used 
were those specified under the SHRP Long-Term Pavement 
Performance (L TPP) program. SHRP's standard Distress 
Jden11fication Manual for the LTPP Studies (15) was used as 
a guide to identify the types, severities, and quantities of the 
various distresses. 
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The roughness of each pavement section ·was determined 
with a Mays ride meter. In addition, the survey crew rode 
each of the pavement sections to give a subjective present 
serviceability rating (PSR). 

Pavement deflections on each saw-and-seal study section 
were measured to determine the joint load transfer efficiency 
and the stiffness of the pavement layers and foundation. The 
deflections were measured using a falling weight deflec
tometer (FWD) at three load levels: 9,000, 13,000, and 
17,000 lb . 

Traffic volumes, including percentage of truck traffic, were 
collected from the appropriate state highway agency for each 
study section. The state agencies were asked to provide the 
volumes from the time the pavement was opened to traffic to 
the date of survey. However, in some instances traffic counts 
were not available for every year in which the overlay 
experienced traffic. 

Environmental data were taken from documentation of 
monthly temperatures and precipitation published by the 
National Oceanic and Atmospheric Administration. The nearest 
weather station was assumed to be representative of the envi
ronmental conditions at each study section . In addition, the 
U.S. Army Corps of Engineers freezing index contour map 
was used to determine the mean freezing indices of the study 
sections (16). 

The raw data obtained from these sources were in several 
formats, such as field distress forms, construction plans, and 
research reports. After reduction, the data elements were 
entered into a data base (on a hard storage disk of an IBM 
personal computer). The PC software used to manage the 

TABLE 2 MAYS RIDE METER ROUGHNESS MEASUREMENTS 

Roughness 

Project Section ID (in/mi) 

1 CT 1 78 

2 CT 4 40 

3 (A)* ME 1-1 SS 

3(B) ME 1-2 38 

4(A) NJ 4-1 54 

4(B)* NJ 4-2 60.5 

5(A)* NJ S-1 116. 5 

5(B) NJ S-2 69 

6 (A)* NY 3-1 80 

6(B) NY 3-2 98 

7 NY 4 so 
8 NY 5 60 

9 (A) OH 3-1 60 

9(B) OH 3-2 38 

10 PA 2 90 

*Control sections 
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data base was RBASE System V, which allowed for efficient 
data entry, retrieval, and management. 

OVERVIEW OF SAW-AND-SEAL PERFORMANCE 

Pavement Roughness 

The lungilutlinal wuglrness uf each µaveme11L section, mea
sured with a Mays ride meter, is presented in Table 2. The 
amount of surface roughness varied widely, from a low of 38 
in./mi to a high of 116 in./mi. The two study sections with the 
least amount of roughness, 38 in./mi, were overlays with saw
and-seal joints on 1-95 in Falmouth, Maine, and 1-70, in 
Columbus, Ohio. The study section found to have the most 
roughness, 116 in./mi, was the control section on 1-80 in West 
Paterson, New Jersey. The average roughnesses for the 
saw-and-seal and control sections were 60 and 78 in./mi, 
respectively. 

Four projects had control sections available for comparing 
the roughness of an AC overlay with sawed joints to the 
roughness of an adjacent overlay without such joints. The 
roughness measurements taken on these eight overlays are 
shown in Figure 6. Three of the four saw-and-seal overlays 
exhibited from 10 to 21 percent less roughness than the control 
sections. The one saw-and-seal overlay with more roughness 
than its adjacent control section was the overlay built on 
Route 5 near Caledonia, New York, in 1980. The probable 
cause of this overlay's poor performance was the substandard 
design of the overlay joint configuration. Conversations with 
NYDOT personnel indicated that the joint reservoir width of 
5/s in. used in this overlay was too narrow to accommodate 
the temperature-induced horizontal movements experienced 
by the 90-ft-long PCC slabs. The large slab movement resulted 
in an adhesion failure of the joint sealant, that led to severe 
spalling and eventual failure of the joints in the AC overlay. 

On the average, the saw-and-seal overlays exhibited 20.3 
percent less roughness than the control sections. Because 
roughness is usually considered one of the primary indicators 
of pavement performance, sawing and sealing can be said to 
help extend the life of the ov.erlay. However, determining the 
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FIGURE 7 Pavement roughness versus overlay thickness 
divided by traffic since overlay. 

approximate number of additional years of service that are 
caused by the saw-and-seal technique is difficult. A 20-percent 
difference in roughness (control versus saw-and-seal) does not 
imply a 20-percent increase in pavement life. Pavement life 
is a function of the magnitude in the change in roughness and 
the rate of change for each particular performance curve. 
From a subjective evaluation, however, the saw-and-seal sec
tions performed better than the control sections. This implies 
that the saw-and-seal section should provide a better level of 
serviceability for a longer period of time. Because only four 
control sections were tested, drawing conclusions about 
extended pavement life is difficult. 

The roughness data were then plotted against the actual 
field overlay thickness normalized for traffic. Figure 7 shows 
the roughness versus the normalized thickness divided by 
equivalent single-axle loads. Included in the figure are both 
control sections and saw-and-seal sections. Figure 7 shows a 
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slight increase in roughness as the thickness increases with 
decreasing traffic, although experience implies that a thicker 
overlay will reduce roughness. Because there was heavy traffic 
on the sections with the thermal overlay, other factors in
teracted with the thickness and consequently implied that 
roughness increased with overlay thickness . 

Transverse Joint Reflection Cracking 

The amounts of transverse joint reflection cracking observed 
on each study section during the field surveys are shown in 
Figure 8. The amounts of reflection cracking on the overlays 
varied widely. Six of the saw-and-seal overlays experienced 
low- and medium-severity transverse reflection cracking of 
from 4 to 46 percent of the transverse joints. The five remain
ing saw-and-seal overlays were totally free of any transverse 
reflection cracking. The only section with high-severity crack
ing was the saw-and-seal overlay on Route 5 in Caledonia, 
New York, which experienced high-severity cracking on 
approximately 12 percent of its joints. 

The amount of transverse reflection cracking measured on 
the four saw-and-seal overlays is compared with the amount 
measured on their control sections in Figure 9. As the figure 
shows, all of the control sections experienced more reflection 
cracking than the pavement sections with saw-and-seal joints. 
All of the underlying joints reflected through on two of the 
control sections, while the two remaining control sections 
experienced transverse reflection cracking on 81 and 49 per
cent of their joints. The percentage of transverse reflection 
cracking on the saw-and-seal overlays varied between 0 and 
46.1 percent. The average percentage of transverse joints that 
had reflected through the control overlays was 83 percent, 
compared with 18 percent on the saw-and-seal overlays. Thus, 
the saw-and-seal overlays experienced approximately 65 
percent less transverse reflection cracking than the control 
sections. 

The conditions of the saw-and-seal and control overlays at 
the location of the underlying joints in the PCC slab are 
compared in Figures 10 and 11. The photographs show that 
the control sections developed transverse cracks with severe 

spalling. The saw-and-seal joints were in excellent condition 
and did not show any signs of spalling or raveling. In a 
subjective comparison, the photographs show that the 
saw-and-seal sections are performing much better than the 
control sections. 

Variables such as age, joint spacing normalized by thick
ness, field thickness, and roughness were plotted against 
transverse reflection cracking to determine which, if any, trends 
were present. The plot of transverse reflection cracking versus 
age (Figure 12) shows that more cracking occurred in the 
control sections than on the saw-and-seal overlays, as was 
discussed previously. The amount of reflection cracking 
observed on the saw-and-seal overlays remained constant with 
age, suggesting that if reflection cracking is to occur on a 
saw-and-seal overlay because of missawed joints or secondary 
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FIGURE 10 Overlay condition of control section (left), and of 
saw-and-seal section (right) on I-95, Falmouth , Maine. 

cracking, it will occur shortly after the overlay is constructed 
and remain relatively constant throughout its life. 

A plot of reflected joints versus overlay thickness is shown 
in Figure 13. The saw-and-seal sections had less reflection 
cracking than the control section, and thickness did not 
appear to have any effect on the amount of cracking on the 
saw-and-seal section. The sections with thick overlays (5 in.) 
performed better than the 'sections with the thinner overlays. 

The construction of a joint in the AC overlay is supposed 
to alleviate the reflection cracking problem. During the field 
surveys , a problem related to the transverse reflection crack
ing became apparent. This problem was the appearance of 
secondary cracking adjacent to and paralleling the sawed joint. 
This type of distress appeared on many of the joints in the 
saw-and-seal overlays. The cause of the st:comlary cracking 
is not known for certain; it could be the result of a tear caused 
by low tensile strength because of poor mix design or other 
thermal-type cracking. In most cases, especially for cracks 
appearing several inches from the joint, the secondary crack
ing can probably be attributed to the improper location of 
the sawed joints above the underlying joints in the PCC. The 
observation of secondary cracks as close as 1 in. from the saw 
joint implied that it is criticcil to loc;ite the saw cut directly 
above the joint. A saw cut more than 1 in. away can result 
in secondary cracking. An example of secondary cracking is 
shown in the photographs in Figure 14. 

FINDINGS 

• A total of 12 states were found either to have experi
mented with or to be using saw-and-seal AC overlays as a 
routine rehabilitation procedure. Most of these states are in 
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saw-and-seal section (bottom) on US-22, Somerville, N.J. 
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FIGURE 14 Secondary cracking: on 1-84, New Britain, Conn. 
(left), and on 1-80, West Paterson, N.J. (right). 

the northeastern part of the country. Connecticut, New York, 
New Jersey, and Pennsylvania have had the most experience. 

• An important step in the construction process is properly 
locating the saw cut above the existing joint. Secondary reflec
tion cracking can occur unless a precise match (within 1.0 in.) 
of saw cut and existing joint is made. 

• Saw-and-seal sections with thick (5.0 in.) overlays 
performed better (with respect to roughness and reflection 
cracking) than sections with thin (2.5 in.) overlays. 

•If properly constructed, saw-and-seal joints in an AC 
overlay of jointed PCC can reduce the adverse effects of 
reflection cracking. For the pavement sections examined (con
trol versus saw-and-seal), pavement roughness was reduced 
by 20 percent and transverse reflection cracking was reduced 
by 64 percent. Sawing and sealing joints in AC overlays on 
PCC pavements can extend the pavement life. 
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