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SUMMARY

Studies of efforts in Virginia to reduce the incidence
of reflection cracking when portland cement concrete pavements
or bases are overlayed with asphaltic concrete are reported.
The methods of reflection crack reduction discussed are:
(1) The use of sand as a bond breaker between pertland cement
concrete pavements and asphaltic overlays, (2) the use of a high
tensile strength fabric as a stress relieving layer between two
asphaltic concrete overlays of an old portland cement concrete
pavement on a weak subbase, and (3) the use of two types of
fabric as stress relieving layers between asphaltic layers and
a concrete base on a very strong subbase and subgrade.

The following conclusions were drawn.

1.

Neither sand as a bond breaker nor high strength
fabrics as stress relieving layers are effective
in reducing reflection cracking where vertical
joint movement (differential deflection) is a
significant factor.

When differential deflections are greater than
about 0.002 in. (0.05 mm) reflection cracks form
early. Such cracking is delayed for lower dif-
ferential deflecticn but may occur as the magnitude
and frequency of wheel loadings increase.

Both an asphalt impregnated poclypropylene fabric

and an unwoven, spun-bonded nylon fabric, when
placed to span joints in portland cement concrete
base and covered with an asphaltic concrete over-
lay, are able to sustain the formation of reflection
cracking in the overlaying layer without undergoing
damage.

An asphalt impregnated polypropylene fabric spanning
the joints in portland cement concrete pavements,

and placed between the pavement and an asphaltic
overlay, may be effective in reducing the infiltraticn
of surface water to pavement sub-layers. There is
some evidence that pavement pumping may be reduced by
this method.

Both an asphalt impregnated polypropylene fabric and
an unwoven, spun-bonded nylon fabric can delay the
formation of reflection cracking. There is strong
evidence, however, that such cracking is fatigue in
nature and will eventually develop under the applica-
tion of repetitive wheel loadings.
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INTRODUCTTON

Transverse joints in rigid pavements commonly reflect
through bituminous concrete overlays in a short period of time.
Many highway engineers believe that these cracks are detrimental
to pavement riding quality, while others believe that they are
‘generators of future maintenance problems because they provide
ready access of surface water to subsurface pavement layers.
Recent studies provide some basis for the latter belief in that
a crack only 0.035 in. (0.9 mm) wide is reported to admit 70%
of the surface water falling on a pavement sloped 1.25% under a 2 in.
(50 mm) per hour precipitation rate.

Numerous efforts to reduce reflection cracking have been
reported in the literature. A discussion of the many methods tried
would be voluminous, but a good summary of those which have been
at least partially successful is given in NCHRP Synthesis No. 9 on
Pavement Rehabilitation. (3 In that document most methods attempted
are grouped into 4 general classifications: (1) Increased thickness
of asphaltic concrete overlay, (2) special treatment of existing
portland cement concrete pavement, (3) special conditicn in asphaltic
concrete overlay design, and (4) treatment of joints and cracks.,

In Virginia, most of the methods in categories 1 through 3
have been rejected for economic or other reasons. The category
4 methods employed in Virginia all consist of some means of break-
ing the bond or otherwise relieving the stress between the PCC and
the bitumincus concrete overlay. The first efforts to provide a
bond breaker were reported by Hughes, who found that a thin layer
of sand spread on either side of the PCC pavement joints before
application of a bituminous concrete overlay was of only partial
success in reducing reflection cracking. (%) In his studies, an
asphalt emulsion tack coat was applied at the rate of 0.05 to 0.10
g/y? (0.23 to 0.46 1/m?) for a distance of 9 to 12 in. (225 to 300
mm) on either side of transverse joints. Class A sand sieved to
pass a 3/8 in. (9.5 mm) sieve was applied over the tack coat at
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a thickness of approximately 1/4 in. (6 mm). An asphaltic
concrete overlay (85/100 penetPatlon grade asphalt) of from
10C 1b./y2 (59 Kg/m2) to 175 1b/y2 (95 Kg/m?) was applled over
the pavement surface and the sanded ]Olnts. Joint spacings
were 30 ft. (9 m). Of 3 projects treated in such a manner,
only 1 showed any indication of fewer reflection cracks on
joints treated with sand. No reason for a difference in per-
formance between the 3 projects was determined although after
9 years some of the joints still had not reflected through the
best performing project, which is located on Route 13 in Northampton
County.

The next significant effort to reduce reflection cracking,
also reported by Hughes, involved the use of an unwoven polypropylene
fabric spanning the reflection cracks on a previcusly overlaid con=
crete pavement on Route 460 in Sussex County.<5) The polypropylene
had high tensile strength and was purported to prevent horizontal
overstressing of the overlay. Supposedly, at points of stress
concentration such as transverse Jjoints cr cracks, the material
would prevent reflection cracking. Again, the joint spacing was
30 ft. (9 m) and the fabric was applied with approx1mately 0. 25gal/y2
(1.1 1/m2) of CAE2 tack coat. The fabric was applied in 3 ft. (0.9 m)
wide strips approximately centered on the cracks and running length-
wise with the cracks. ‘A total of 99 joints, all with discernible
cracking in the previous overlay, were treated in this manner. An
asphaltic _concrete (85/100 penetration grade asphalt) overlay of
125 1b. /y2 (68 Kg/m?) was applied after the fabric had been under
traffic for some 12 hours.

The performance of the fabric treated section, like that of
the sanded sections, was disappointing when it was noticed, after
three months under traffic, that many of the joints had reflected
through the second overlay. However, the cracking in an adjacent
section where no fabric had been used was somewhat more frequent.

As a result of the above partially successful experiments,
studies were undertaken in 1972 to determine through field testing
the mechanism of reflection cracking on overlays cof jointed port-
land cement concrete pavements. The present report summarizes
these studies and concludes with several recommendations concerning
the future handling of such cracking.



FIELD STUDIES

Route 460 Project

Horizontal Joint Movements

Pricr to placing the second overlay on the Route 460
project both control and test sections were chosen for hori-
zontal joint movement studies. It was hoped that by monitoring
the horizontal hydrothermal movements of typical jolnts on
becth the section with fabric reinforcement and a control section
without reinforcement it would be possible to determine the effect
of such movement on the ability of the fabric to reduce reflection
cracking. Five consecutive joints in both the contreol and the test
sections were located pricr to placement of the overlay on the con-
trol section and the fabric and overlay on the test section. After
the overlay was in place in both sections, gage points were em-
bedded in the overlay such that a nominal 10~in. (250 mm) gage
length would span the area subject to reflection cracking. These
gage points were established at each of the 10 previously selearted
joints. 1Initial readings of the exact measurements between gage
points were taken on August 25, 1971, the day after the cverlay
was placed. At the same time, readings were taken cn reference
(calibration) points embedded in the asphaltic concrete where no
cracking was expected to occur. Thus, measurements spanning re-
flection cracks could be corrected for the length change cccurring
in a 10-in. (250 mm) segment of uncracked pavement. A realistic
measure of crack movement was anticipated through this adjustment.

Readings of both the test and calibration points were taken
at monthly intervals for 30 months subsequent to the cverlay. Dur-
ing the first 3 months of this period reflection cracks developed
between the gage points at 3 locaticns in each section. At 1
locaticn in each section a reflection crack developed cutside the
limits of the gage points. At the end of the 30-month pericd 1
joint in each section had not reflected through the cverlay. The
results of these studies are indicated graphically in Figure 1
where curves show the behavior of the reflection cracks and of the
10-in. (254 mm) long pavement segments where cracking was expected
but did not cccur. On the ordinate of this figure a positive num-
ber indicates jcint cpening while a negative number indicates
joint closure. It is apparent that the fabric reinforced test
section and the contreol section behaved similarly and there is no
evidence from these tests that the stress relieving layer provided
any advantage in preventing reflecticn cracking. Once the cracks
formed, their behavior was somewhat as would be expected for the
first year, the seasonal movements being clearly evident. The
author coffers no explanation for the strange behavicr of the
measurements after the first year. Obvicusly, the indication that
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the cracks (which were clearly visible) tock on negative width
values is ridiculous. It is evident that for unknown reasons

the distances between gage points became something less than

the nominal 10 1in. (254 mm) originally establiished. This anomaly
is believed to be related tc a "humping" effect noted at many
transverse reflection cracks in Virginia. 1In such cases, a
gradual upheaval or accumulation of asphaitic concrete at the
reflection cracks results in noticeable roughness.

Vertical Joint Movements

The realization that most reflection cracking in the Route
460 project had cccurred during the first 2 months when measured
horizontal mcvements had been minimal led to a consideration of
octher factors which might contribute to the cracking. Since the
pavement under study shcwed significant evidence of joint faulting
and pumping it was ccnsidered likely that vertical movement cf the
joints might be such a factor.

In April 1972 joint deflection tests were conducred con _oth
the fabric reinforced and the control sections. The pr ~edure fcr
these tests 1is indicated in Figure 2. A Benkelman beam (A ir Figure
2) was placed on the shoulder of the road with its point near the
edge of a reflection cracked joinrt or of a joint which had not re-
flected through. A dump truck loaded to 18,000 1b. (8165 kg) on
its rear axle was positioned on the opposite side cof the Soint.

At this point (point 1, Figure 2) an initial beam reading was
taken. The truck was then driven slowly across the joint while
beam readings were taken as points 7 and 3 were traverced. The
edge deflection for point 2 gives an indication of the deflection
when the wheel lcad is directly at the jcint. The compariscon be-
tween readings for points 1 and 2 gives an indication of the load
transfer efficiency while the reading for point 3 is used to ensure
that the Benkelman beam, still located at point 2, is no lcnger
within the area of influence of the wheel locad.

The results cf these tests are indicated in Table 1 where,
in addition to the deflection data, the number and percentages of
cracked and uncracked joints are given for the contrcl and the
fabric treated sections. The deflection data include that for the
case when the wheel lcad is on the opposite side of the joint from
the Benkelman beam (D1),the case where wheel lcad is directly at
the Benkelman beam (D,) and the differential deflecticn (d = Dy - Dq).
Here d «cculd be interpreted as a function of the lcad transfer
capability of the joint; 1.e., 1f the lcad transfer is 100%, d = 0.
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Typical location of Benkelman Beam (A).
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Typical wheel locations during deflection tests.

Figure 2. Schematic showihg deflection testing procedure.



Table 1

Cracking and Deflection Data
(April 1972)

Section Cracked Joints Average Deflections (in.)*#

SO

No. D D d =D, -D

2 1 2 1

Fabric — cracked 57 58 0.014 0.009 0.005
— uncracked 42 4?2 0.009 0.008 0.001
Control - cracked 90 73 0.015 0.010 0.005
— uncracked 34 27 0.012 0.010 0.002

*#] inch = 25.4 mm.

It should be pointed out here that when these tests were r.r
the overlay was approximately 8 months old. Also, traffic records
show that the test sections sustain an average of mecre than 600 vpd
in the 2 axle-6 tire or larger truck and bus categories.

Note that Table 1 shcws that there was somewhat of a reduction
in reflection cracking on the fabric treated secticn as indicated by
the cracking percentages of 58 and 73 for the fabric and control
sections, respectively. A later survey (September 1974) showed
61% and 75% cracked in the same order. As can also be seen in
Table 1 the net joint deflecticn (Dj) may have some influence on
the cracking as the deflection for uncracked joints averages some-
what lower than for the cracked jecints in beth the fabric and the
control sections. More descriptive, hcwever, 1s the differential
joint deflection (d) where it can be seen that uncracked joints
have very low average values of 0.001 in. t¢ 0.002 in. (25 um to
50 um) while the cracked joints average 0,005 in., (125 um) in both
sections.

An analysis of the distribution of d values 1s given in
Table 2, where cracking frequency is given as a function of dif=-
ferential deflection in increments of 0.002 in. (50 um) (the
least reading of the Benkelman beam used). Note that when the
differential deflection is zero (lcad transfer = 100%) the fabric
had a marked effect on reflection cracking as seen by the fact that
of 20 treated joints none were cracked, while for the controcl section



4 joints out of 9 were cracked. Similarly, but less dramatically,
when d = 0.002 in. (50 um) the joints having reflection cracks
were 29% and 54% for the fabric and the control secticns, respec-
tively. Finally, when d was over 0.008 in. (200 um) all Jjoints
had reflection cracking in both the control and the fabric re-
inforced sections.

Table 2

Cracking and Differential Deflection
(Route 460)

Differential No. Joints Cracked No. Jeints Uncracked % Joints

Deflection Cracked
d (in.)*  TFabric Control Fabric Control Fabric Control
0 0 4 20 5 0 Ly
0.002 7 20 17 17 29 54
0.00u 23 35 3 12 88 74
0.006 15 11 2 0 88 100
0.008 12 20 Q 0 100 100

%] inch = 25.4 mm.

Clearly, when joints have essentially 100% load transfer
capability, the reason for the absence of reflection cracking could
be that the joints simply are not functioning. In such a case no
stress concentrations or cracking would be expected. This may well
explain the absence of cracking at the 5 untreated joints (Table 2)
where the differential deflection was zerc. The 4 untreated joints
where cracking did occur may be working joints where lcad trans-
fer is fully effective. Thus, it is likely that many of the 20
uncracked treated joints where there was no differential deflection
were working joints where the fabric served its intended purpose
of reducing overlay stresses to the point where no cracking occurred.
Conversely, it is likely that when joints had higher differential
deflections the fabric, a thin sheet, had nc ability to distribute
sheer stresses and was unable to significantly reduce reflection
cracking. ‘

If the above hypothecsis is accepted, it follows that much,
if nct most, of the reflecticon cracking on the treated joints was



the result of sheer stress concentrations induced as wheel loads
traversed the joints and caused differential deflections. Luther,
et al. have since established that reflection cracking of asphaltic
overlays is multimodel fatigue fracture. 6 Their paper, based

on laboratory model studies, states in part:

It was observed that these (reflection)
cracks propagate, from the surface under
mixed mode conditions arising from com-
pressive bending stresses and high sheer
stresses induced by differential vertical
movement between the underlying rigid con-
crete layer,

If, as seems to be the case, reflection cracking is fatigue
in nature and differential vertical movements are a major cause,
it is reascnable to assume that the rate of crack development
would be a function of the frequency of wheel loadings and of the
magnitude of vertical movement, or differential deflection, caused
by these loadings. This concept seems to have been substantiated
on the Route 460 project, where with some 600 heavy loads per day
a 3% increase in cracking was noted between April 1972 and September
1974. At the time of the later survey it was observed that the
jeints having very low differential deflection in 1972 still were
uncracked in 1974,

Core Studies

During the September 1974 crack survey five 4-inch (100 mm)
diameter cores were removed from the Route 460 pavement. Each
core was at a reflection crack in the fabric treated section and
was located so as to intercept the crack approximately as a core
diameter. These 5 cores were returned to the laboratory for study .
The flndlngs of these studies are indicated in the photograph
given in Figure 3, where it can be seen that the core through both
asphaltic concrete layers is held together by the polypropylene
fabric. The reflection crack is plainly visible both abcve and
below the fabric. Efforts to separate the asphaltic concrete
from the fabric showed that all were firmly bcnded together sc that
some effort was required to remove either layer. When the asphaltic
concrete had been removed it was found that the fabric showed no
evidence of damage. A slight wrinkle in the fabric corresponded
with the location of the reflection crack.

The observation that there was no tear or other evidence of
elongation of the fabric was taken as further evidence that the re-
flection cracking had been caused primarily by vertical jcint move-
ments.
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Figure 3. Core through new overlay (topJ,
Petromat, and old cverlay. Route
460 prcject,

Joint Pumping Studies

As a coincidence of the 1972 and 1974 reflection crack sur-
veys it was noted that the polypropylene fabric spanning transverse
joints may have been beneficial in reducing pumping. In both cases
some 15% of the joints in the contreol secticon were determined, on
the basis of the ejection of fines from the subbase or subgrade,
to be pumping. No case of pumping was observed in the fabric
treated section during either survey. It may be conjectured that
the fabric, which was asphalt impregnated during its manufacture
and was applied with a heavy tack coat of liquid asphalt, served
as a barrier to surface water entering the joints such that pumping
was eliminated. Since joint pumping had not been a consideration
early in the study nc data are available on the incidence of pumping
before the fabric was applied. For this reascon, no firm conclusions
can be offered on this matter and further studies in ancther loca-
tion are anticipated.

Route 13 Project

Vertical Joint Movements

The apparent relationships between vertical joilnt movements
and the effectiveness of the stress relieving layer on the Route

10



460 project led to speculation that such movements might be of
significance where sand had been used as a bond breaker between

an asphaltic concrete overlay and a jointed portland cement con-
crete pavement. Since, as noted earlier, the sand had been partially
successful on the Route 13 project, it was decided tc conduct joint
deflection tests at this site. These tests were conducted, in the
manner described earlier, in June 1972 when the test section was

6 years old. At that time, of 60 control or untreated joints 100%
exhibited reflection cracking while of 232 sanded joints 155, or

66%, had such cracking.

The results of these joint deflection tests are summarized
in Table 3, where descriptions similar to those used for Table 2
are employed.

Table 3
Cracking and Differential Deflection
(Route 13)
Differential Number of Number of Percentage of
Deflection Joints Cracked Joints Uncracked Joints Cracked
d(in.)#* Sanded Control Sanded Control Sanded Control
0 4 1 13 0 2L 100
0.002 58 15 u3 0 57 100
0.00L4 66 28 19 0 77 100
0,006 27 1L 2 0 93 100

#1 inch = 25.4 mm.

Note that while the sand layer can be effective in reducing
reflection cracking, the degree of this effectiveness 1s strongly
influenced by the magnitude of the differential deflection. For
example, the sand layer appears to have been 76% effective after
6 years where there is no differential deflection while during the
same period of time it was only 7% effective where the differential
deflection is as much as 0.006 in. (150um).

A recent survey of cracking on this project showed that after
9 years 93.5% of the sanded joints exhibited reflection cracking.
Thus, it appears that the fatigue nature of reflection cracking is
again shown on this project, where traffic volumes include an

average of 335 vpd in the 2-axle 6~tire or larger truck and bus
categories.

11



Route 95 Project

As a result of the above reported studies indicating that
stress relieving layers could be effective in delaying reflection
cracking where differential vertical joint movements were mini-
mized, the researchers, in July 1972, placed several test sections
on a segment of Interstate 95 under construction in Northern Vir-
ginia. This project, called the "Mixing Bowl," is a part of the
multi-lane Pentagon highway network and was constructed with a
composite pavement overlying a very rigid foundation. The pave-
ment design features are as follows:

Surface ~ 100 1b/yd? (54 kg/m2) bituminous concrete,
Type S~5
Binder — 250 lb./yd% (136 kg/mz) bituminous concrete,
Type B=-3
Base —~ 8 in. (400 mm) plain portland cement concrete
Subbase — 8 in. (400 mm) cement stabilized subbase
material

On this pavement it was expected that the extremely rigid
base and subbase layers would reduce vertical joint motions to a
minimum so that the provisicn of a stress relieving layer between
the bituminous concrete layer and the portland cement concrete base
would reduce the incidence of reflection cracking of the shrinkage
cracks in the concrete base. Plans called for the installation
of 2 fabric stress relieving materials, each on approximately 100
shrinkage cracks.

The details cf installation have been reported earlier by
McGhee and Hughes.(7) Some of the more important features are
summarized below along with the results of 3 years of performance
studies.

Materials and Application

The materials applied were;:

(1) Petromat — an asphalt impregnated unwoven polypropylene
fabric manufactured by the Philips Petroleum
Company.

(2) Chemstrand (403) — an unwoven, spun-bonded nylon manu-
factured by the Monsanto Co.

12
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Sometime before the application cf bituminous concrete
layers but after the concrete base was old enough to develop
shrinkage cracks at approximately 30 ft. (9 m) intervals, the
cracks were located for installaticn of the stress relieving
materials. In all cases the cracks were located with respect
to a permanent reference point on the roadway or median. Prior
tc placing the materials each crack was tacked for its full
length (a 12 ft. (3.6 m) lane width) and for 18 in. (0.45 m) to
either side with approximately 0.25 gal/yd.2 (1.1 1/m2) of CAE-2.
After the tack had cured for from 1 to 3 hours, the fabric was
broomed into place to assure good adhesion. It was noted that
the Petromat appeared to absorb the tack better and to adhere
more uniformly to the base course than did the Chemstrand.

Due to numerous problems outlined in the earlier peport,(7)
many of the fabric treated cracks were not suitable for evaluation
by the time the bituminous ccncrete layers had been placed. Since
the overlay, many of the treated cracks have been under traffic
volumes of more than 40,000 vpd so that no evaluation has been
possible. The result 1s that at present only 2 test sections and
1 control (no fabric) section are available for evaluation. these
are summarized in Table 4 and shown schematically in Figures U4,

5, and 6.

Table 4

Fabric Reinforced Cracks Available for Study
(September 1975)

Site Location Number of Cracks Date Overlayed
Petromat Chemstrand Control

3% NBL-=Rt. 27 22 —-— -— 9-18-72

L SBL-I95 25 25 8 9-18=72

5 SBL-I95 -— — 29 10-31-~72
Total u7y 25 37

—_— 7
*Numbers refer to previous report on this studya(”)

Note that the three sections were overlayed in September and
October 1972. Note also that Site No. 4 had both types of fabric
and a few untreated control cracks.

13
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Results

Periodic studies of the 3 test sites showed an early dif-
ference in the number of reflection cracks detected. For ex-
ample, in February 1973, when little traffic had used the sites,
there were 0, 5, and 16 reflection cracks detected in the binder
course on sites 3, 4, and 5, respectively. Thus, there was a
clear indication that the fabric on sites 3 and 4 was somewhat
effective in reducing the incidence of reflection cracking at
an early overlay age. In April 1973, soocn after the final
surface had been applied, no cracks could be detected in either
of the 3 sections. No significant cracking developed in the
surface ccurse during the summer of 1972. However, durirg the
winter of 1973-7u4, when hydrocthermal pavement mcvements cculd be
expected to be most conducive to reflecticn crack:ing, numerous
cracks began to develecp in the control section and in site No. u,
It alsc became clear during this pericd of time +hat additicnal
cracks were devel<ping in the urreirforced concrete base ard were
in turn being reflected through the asprel-ic ccrereve surface.
As a result, by July 1974 there were 3 tctal of 22 reilezticl
cracks 1in the contrcl section (si*te 5) while *here w=re L5 cracks
in si*te 4, many of which were newly develcped &7 the base ccurse
level. At the same time, there were onrly ?2 cracks in site No. 2.

[T f[l

on L\‘

~Alsc, in July 1974 deflecticn tests were corducted on all
cracks visible in sites 4 and 5 at *that time. Similar tc the
finding in the studies repcrted earlier, the average differential
deflection on visible cracks was 0.002 in. {50 um).

Cores removed frem site U during July 1974 shiwed results
similar to those reported above fcr the Rcute u60 project. For
both the Petromat and the Chemstrand caces cores taken at the
location of reflection cracks shcwed that -he cracks li1e directly
above cracks in the portland cement ccncrete base, butr that the
. fabric 1s still intact and shows no evidence of distress. Photo-
graphs cof cores through both fabrics are c<hown in Figures 7 and 8.

Final detailed studies of the cracking on the 1-95 prcject
were ccnducted in September 1975. Again, there were a number cf
cracks which had developed in the base ccncrete and reflected
through the bituminous layers since the test sectiors were
installed. However, basedcn the criginal cracking in *he 3 test
sites, Table 5 was developed in an effort to chow the relative
effectiveness of the stress relieving layers. The data in Table 5
are given in detail in Figures 4, 5, and 6.
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Figure 7. Core through bituminous layers
and Petromat, Route 95 project.

Figure 8. Core through bituminous layers
and Chemstrand, Route 95 project.
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Note that for site 3 forty-one percent of the cracks had
reflected through the Petrcmat in approximately 3 years. In the
same time, on site 4 forty~four and sixty=eight percent of the
cracks had reflected through the Petromat and the Chemstrand,
respectively, while all the untreated cracks had reflected. Simi-
larly, for site 5 ninety percent of the contrcl cracks had reflected
by September 1975, Clearly, beth fabrics were scmewhat effective
in at least delaying the reflection cracking. There is also some
evidence that the Petromat was more effective than the Chemstrand.
The traffic characteristics given in Table 5 are indicative of
service conditions but cannot be used to establish a relationship
between traffic volume and reflection cracking. While site 3 has
been subjected tc the indicated traffic for most of the 3-year
period sites 4 and 5 have had only sporadic traffic due tc con-
struction related detours.

Table 5

Cracking and Traffic
(September 1975)

Site Truck Total Percentage Cracks Reflected
Traffic (vpd)* Traffic (vpd) Petrcmat Chemstrand Control

3 270 19,000 L1 - -
L 3,050 42,500 52 €8 100
Y 3,050 42,500 - — g0

*2-axle 6-tire or larger trucks and buses.

However, the influence cof traffic volumes (and fatigue)
on the rate of development of the reflection cracking is found in
a detailed study of site 5, where it can be seen that the frequency
of reflecticn cracking is greatest in the lanes subject to the most
traffic, particularly trucks. Table 6 has been developed from a
study of *his site, where the ocutermost lane has been designarted
as the acceleration lane, the second as the traffic lane, the third
as the middle lane, and the innermcst as the passing lane. Clearly
truck traffic will be heaviest on the acceleration and traffic lanes.
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Table 6
Cracking and Traffic Lane
(Site 5, September 1975)
Lane Percentage Cracks Reflected

Petromat Chemstrand Control
Acceleration - 100 (8/8)
Traffic 71 (5/7)% 83 (5/86) -
Middle 58 (5/9) 67 (6/9) -
Passing 33 (3/9) 60 (6/10) -

*Numbers in parentheses show actual number of reflection
cracks as a fracticn of the total number of treated cracks
in the portland cement base.

Note that in addition to the marked decrease in reflection
cracking for the lanes where trucks woculd be less frequent
there is also a significant difference in cracking for the
Petromat and the Chemstrand treated cracks. The author has

no explanation for this difference in performance. Finally,
as indicated earlier, all untreated cracks in the acceleration
(control) lane have reflected thrcugh.

CONCLUSIONS

The following conclusions appear to be warranted from the
studies reported above:

1. Neither sand as a bond breaker nor high strength
fabrics as stress relieving layers are effective
in reducing reflection cracking where vertical
joint movement (differential deflection) is a
significant factor.

2. When differential deflections are greater than
about 0.002 in. (0.005 mm) reflection cracks
form very early. Such cracking is delayed for
lower differential deflection but may occur as
the magnitude and frequency of wheel loadings
increase.
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Both an asphalt impregnated polypropylene fabric

and an unwoven, spun~bonded nylon fabric, when
placed to span joints 1n portland cement concrete
pavements or cracks in portland cement concrete

base and covered with an asphaltic concrete over-
lay, are able tc¢ sustain the formation of reflection
cracking in the coverlaying layer without damage to
themselves.

An asphalt impregnated polypropylene fabric spanning
the joints in portland cement concrete pavements, and
placed between the pavement and an asphaltic overlay,
may be effective in reducing the infiltration of
surface water toc pavement sub-layers. There is scme
evidence that pavement pumping may be reduced by this
method.

Both an asphalt impregnated polyprecpylene fabric and
an unwoven, spun-bonded nylon fabric can delay the
formation of reflecticn cracking. There 1s strong
evidence, however, that such cracking is fatigue in
nature and will eventually develcp under the applica-
tion of repetitive wheel loadings.

RECOMMENDATIONS

The following recommendations are offered for ccnsideration
by the Department.

1.

Stress relieving layers of thin fabric used to
reduce reflecticn cracking are not recommended
where there 1is any appreciable differential
vertical movement of joints or cracks to be over-
layed.

The asphalt impregnated pclypropylene is recommended
for installation on an experimental basis for either
of the following uses:

(a) To reduce reflection cracking in instances
where truck traffic will not be a factor.

(b) To reduce the infiltraticn of surface water
into transverse cracks in instances where
it is not feasible to provide a positive
subsurface drainage system.
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Since reflection cracking has been shown to be a
shear~fatigue phenomenon it is reasonable to assume
that a thick cushioning layer cf a relatively fluid
material would serve to distribute stresses such
that the cracking would be prevented. The purpose
of such a material might be served in Virginia by
the "B~2" bituminous concrete, which 1s open~graded
and contains a softer asphalt than used in other
mixtures. The installationrn of a test section con-
taining B-2 as a cushicning layer between jointed
portland cement concrete pavement and a conventional
overlay 1s reccmmended.

22



ACKNOWLEDGEMENTS

The author gratefully ackncwledges the Construction, Mainte-
nance, and Materials Divisions of the Highway and Transportatlon
Department, whose excellent cooperation made the study possible.

C. S. Hughes is ackncwledged for his conduct of portlons of
the study and for his technical assistance in other portions. The
interest and cooperation of R. W. Gunn in the ccllection and analysis
of data are sincerely appreciated.

The work was conducted under the general direction of J. H.
Dillard, state research engineer. The study was financed from
state research funds.

23






REFERENCES

Hughes, C. S., and K. H. McGhee, "Results of Reflective
Crack Questionnaire Survey," Virginia Highway and Trans-
portation Research Council, February 1973.

Cedergren, Harry R., and Kneeland A. Godfrey, Jr., "Water:
Key Cause of Pavement Failure," Civil Engineering, September
1974,

Highway Research Board, NCHRP Synthesis of Highway Practice
No. 9, Pavement Rehabilitation (Materials and Techniques)
1972.

Hughes, C. S., Series of Memoranda to Mr. Tilton E. Shelburne,
April 1965 through October 22, 1965.

Hughes, C. S., "Petromat Installation Report," Virginia High-
way and Transpertation Research Council, March 1972.

Luther, Michael S., Kamron Majidzadeh, and Che-Wei Chang, "A
Mechanistic Investigation of Reflection Cracking," Paper pre-
sented at the 1974 Annual Meeting of the Highway Research
Board, January 1974.

McGhee, K. H., and C. S. Hughes, "Installation Report, The Use
of Fabric Reinforced Overlays to Control Reflection Cracking
of Composite Pavements," Virginia Highway and Transportation
Research Council, February 1973.

25






