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FIVE YEAR PERFORMANCE OF WELDED
WIRE FABRIC IN BITUMINOUS RESURFACING

ABSTRACT

The primary objective of this paper is to report on placement
and performance of reinforced bituminous concrete resurfacing over

old Portland cement concrete roadway.

In 1955 two sections of road (in Massachusetts) totalling
three miles in length were resurfaced with a three-inch bituminous
concrete reinforced with various styles of welded wire fabric.

The primary purpose of this reinforcement was to prevent reflec-

tion cracks caused by underlying slab movements.

In one of the test roads the resurfacing was reinforced with
strips placed above the slab joints only while the other had
various styles of continuous reinforcement extending into the
shoulders. Altogether 25 test sections were installed with

comparable unreinforced control sections.

The method of placing the reinforcement was simple and did

not cause much difficulties.

After five years under traffic and weathering all reinforced
test sections had lower cracking indexes than comparable controls.
The best performance was by 3 x 6, 10/10 welded wire fabric placed
in continuous rolls where transverse cracking was about one-eighth
of that found in the control, and longitudinal cracking was

negligible.
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1. STRAINS IN RESURFACING CAUSED BY UNDERLYING SLAB MOVEMENTS

The causes of reflection cracking have been described and
discussed in numerous publicationsl and it is evident that the
amount of cracking will depend upon many different factors. In
this paper the emphasis will be on reflection cracking as it
has been observed in Massachusetts. ’Many miles of old Portland
cement concrete slabs which have been covered with a 2 1/2 to
3 inch bituminous resurfacing, are about eight inches thick,
ten feet wide and 57 feet long. They have been placed on a
twelve~inch gravel base with about 0.13 percent of longitudinal
reinforcement. These roads were constructed in the thirties
using only expansion joints with four one-inch load transfer

dowels for each 1l0-foot joint.

1.1 Horizontal Joint Opening

The amount of horizontal joint opening was studied in
several Massachusetts locations over a period of years. The
measurements show that about 80 percent of the transverse
expansion joints open .05 inches or more during a one year
cycle. The widest joint opening measured was .18 inches with
a maximum daily variation of about .04 inches. Laboratory
strain tests have shown that a four inch long bituminous con-
crete specimen can be strained about .04 to .05 inches before
it breaks. (12)2 A comparison between this obtained strain
for the Massachusetts mix and the measured joint opening on
a road indicates that due to horizontal strains alone at least
80 percent of the resurfaced transverse joints will have re-

flection cracks above them within a relatively short period.

1. See references
2. Numbers in parentheses refer to bibliography



1.2 Vertical Differential Movements

In order to estimate the vertical differential movements
of the slabs numerous field measurements were made using a
truck and a deflection gauge. The maximum relative deflection
at a joint was .09 inches with about 50 percent of the measure-
ments being .005 inches or less. Thus it appears that the
vertical joint deflections are relatively small compared to
the horizontal movements. Laboratory measurements indicate
that a crack might not appear in the surfacings if such low
deflections are applied without any strains due to horizontal
slab contraction. These studies further show that the differ-
ential vertical movement due to traffic load causes a flexural

distortion in the resurfacing rather than shear deformation. (11)

1.3 Combined Effects

While field observations and laboratory measurements
show that the main reason for reflection cracking in Massachusetts
is the horizontal joint opening or tensional stress it often
can be the combined effects of both horizontal joint opening
and vertical deflection movements which cause the cracking.
Damaging axial and flexural tension in the resurfacing at a
joint affect not only the immediate area above the joint, but
also extend some distance on each side. Once a crack has appeared

it has a tendency to deteriorate and widen.

2. THE PURPOSE OF THIS STUDY

The primary objective of this study was to test on the

road the effectiveness of various welded wire fabric types as
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a reinforcement in bituminous concrete resurfacing against
reflection cracking (in Massachusetts). The second purpose
was to compare the field behavior of welded wire fabric rein-

forcement with data obtained from tests in the laboratory.

3. WHAT WAS EXPECTED OF THE WELDED WIRE FABRIC REINFORCEMENT

The primary goal of reinforcement was to prevent reflec-
tion cracks in a bituminous resurfacing. The Walpole and
Raynham Test Roads described in this paper were built in 1955.
Before that numerous experimental wire fabric installations
had been placed in service and various results were obtained
with the oldest dating back as far as 1945. These field in-
stallations were placed without any engineering calculations
or experience regardless of whether the wire fabric reinforce-
ment was used for airports, highways, city streets, ‘etc. The
main emphasis in these experiments was on transverse joint re-

inforcement using both strip and continuous welded wire fabric.

4. WHY TEST ROAD IN MASSACHUSETTS

The planning and execution of a test road involves co-
operation and interest by numerous agencies. The interest
of the Commonwealth of Massachusetts in reflection crack pre-
vention was one of the factors why a test road was established
in Massachusetts. The personnel of the State-supported Joint
Highway Research Project of the Massachusetts Institute of
Technology and the Department of Public Works had been working
on the reflection cracking problem for several years and had
accumulated a considerable amount of data which were useful

in planning actual welded wire fabric reinforcement test



installations. Another reason for having the test roads in
Massachusetts was the climatic conditions which are quite

severe and to a degree typical of the northern states.

5. PLANNING THE SCOPE OF THE PROJECT

Planning and building a field test calls for consideration
of many variables. Only those who have participated in an
actual execution of a test road can fully appreciate the com-
plexity of such an undertaking. The condition of the old
Portland cement concrete roadway and the types and sizes of
wire fabric reinforcement to be used in the resurfacing were
the two major variables. While the type and size of reinforce-
ment could be selected, the condition of the old roadway was

much more difficult to control.

5.1 Desired Variables And Length Of The Test Road

During the preliminary planning it was assumed that the
test road itself would be uniform for all test sections.
Therefore, the major variables reduced to the type of wire
fabric and its placement. The following major factors were

discussed and considered:

a) Wire size
b) Transverse wire spacing
c) Longitudinal wire spacing

d) Strip reinforcement versus continuous
reinforcement

e) Position of the wire fabric in the resurfacing

f) Ways of holding the wire fabric down



If all the above variables were to be included in this
research the total number of test sections would have exceeded
10,000. As this was a practical impossibility a small number
of tests were agreed upon which are described later in this
paper.

5.2 The Number Of Transverse Joints Needed To Obtain
Meaningful Data

In order to compare two types of wire fabric the test
conditions have to be similar. This often is not possible
where a large number of test sections is involved. The slight
variations in a test road of appreciable length can affect
the results and prohibit a direct comparison between a section
at one end of the test with that at the other. Therefore, it
was decided that control sections would be placed between the
test sections and the performance of the various wire fabrics
would be compared directly with the adjacent controls. To
decide upon the minimum number of test joints, condition sur-
vey data from numerous field installations over the past five
years were studied. It was found that at least twelve trans-
verse joints would be necessary to keep a five-year cracking
index within ten percent between two adjacent 12-joint test
sections, 95 percent of the time. It was also anticipated
that some joints would have to be eliminated due to construc-
tion faults and inherent irregularities in the Portland cement
concrete base. Therefore, the final number specified was 16

to 20 joints for each test and control section.



5.3 Practical Limitations

The amount of road surface available as well as budgetary
limitations finally led to a choice of twenty-five sections,

excluding controls.

After the number of test sections was decided upon a

special committee?

listed the types of wire fabric that were
to be used. The practical limitations favored the use of
standard size wire fabrics rather than special fabrications.
An attempt was made to incorporate various wire sizes in tests
with the gage ten wire dominating because it is easy to in-

stall in a three inch resurfacing.

5.4 Stvles Of Wire Fabric Chosen

Besides the common spacings (four by four inches, six
by three inches, and three by six inches) for the ten gage
wire, other dimensions and wire sizes were also used. The
largest wire was gage six because the committee felt that
anything stiffer than that would not be compatable with the
relatively thin flexible overlay. The smallest wire was 14
gage. One section of the test road in which continuous re-
inforcement was planned contained wire fabric in rolls. 1In
those installations the longitudinal wire was gage ten or
thinner because it was too difficult to flatten out a roll

when stiffer wire was present.

5.5 Size Of Mats And Types Of Reinforcement Chosen

As mentioned before, the most critical points where crack-

2. Consisting of Wire Fabric manufacturers and the Staff of
the Joint Highway Research Project at Massachusetts
Institute of Technology



ing is usually more severe are the transverse joints. There-
fore, attempts have been made in the past to place a strip of
reinforcement right above the joints to prevent a reflection
crack. In order to protect the longitudinal joints from

crack appearance similar strip reinforcement would be necessary
also in these locations. This led to the conclusion that

three major types of reinforcement should be tried: a) strip
reinforcement over transverse joints only, b) strip reinforce-
ment over longitudinal joints, and c) a continuous reinforce-
ment which covers the whole Portland cement concrete roadway
and extends a short distance beyond the longitudinal edges of
the slabs. Small test installations in the past using strip
reinforcement have indicated that the strip width of three to
four feet is not always enough to curb reflection cracking(3) (4).
If the strip is narrow there is a tendency to get a crack at
the edge of the reinforcement. Therefore, about seven feet
wide reinforcement was adapted for the transverse joints. A
few installations using five feet and ten feet wide strip re-

inforcement were also tried.

The continuous reinforcement had most of the fabric in
rolls. The length of the rolls was fifty-seven feet or the
same length as the underlying slabs. This was chosen to
have the lapping of the rolls far away from the joints at the

center of the slabs.

In three test sections a continuous sheet of reinforce-

ment was planned using 18 feet long wire fabric.



6. TEST ROAD SPECIFICATIONS

After deciding on the number of test sections and the
types of wire fabric to be used a search for a test road was

undertaken which would fit the following requirements:

a) The test section should contain at least two
adjacent lanes of old Portland cement concrete.

b) The horizontal curves in the test road should
not be less than 600 feet radius and the grades should be
less than 2 percent.

c) The test road should have a uniform subgrade.

d) The underlaying concrete slabs should not have
longitudinal reinforcement failures.

e) The slabs should exhibit similar crack fre-
quency characteristics.

f) Control sections of identical length should be
spaced in between the test sections and at least twelve trans-
verse joints or 120 feet of joint should be usable in each
test.

g) The test sections should carry similar traffic.

7. FINAL SELECTION OF TEST SITES

In order to place the twenty-five test sections with
appropriate controls, about three miles of two-lane road was
required. As it was not possible to find such a length of
road under uniform conditions in one location, two separate
test roads were selected. In this paper they are referred to

as Raynham and Walpole Test Roads. At the Raynham Test Road,
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strip reinforcement was used and at the Walpole Test Road
continuous wire fabric reinforcement (see Figures 1 and 2

for wire fabric styles and sizes.)

7.1 Raynham Test Road

The Raynham Test Road consisted of a three lane rein-
forced cement concrete pavement eight inches thick, placed
on a twelve inch gravel base. It had a bituminous macadam

shoulders, three to five feet wide, on each side.

The original Portland cement concrete was in a good con-
dition structurally. The majority of the fifty-seven foot
slabs had but one transverse crack with a very small percent-
age having two or more. The surface was scaled in places and
many bituminous skin patches had been placed. The joints
were about one inch wide and had worn considerably causing

traffic to thump but there was no evidence of major settlements.

The Raynham installations consisted of two types of strip
reinforcement tests: a) reinforcing of transverse joints with
welded wire fabric sheets, and b) reinforcing of longitudinal

joints with wire fabric sheets (see Table 1).

7.2 Walpole Test Road

The Walpole Test Road was a two lane reinforced concrete
pavement eight inches thick, placed on a twelve inch gravel
base. It had bituminous macadam shoulders three feet wide on
each side. The concrete lanes were ten feet wide, the slabs
averaged fifty-seven feet in length. The resurfacing extended

over both shoulders.
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The original concrete was in fair structural condition,
although the slabs averaged two to three transverse cracks
each. The surface was scaled and contained a few bituminous
skin patches. The rough-riding transverse joints were about

one-inch wide but did not show appreciable settlement.

The Walpole installation consisted of two types of con-
tinuous reinforcing tests: a) continuous reinforcing of en-
tire slabs using wire fabric sheets, and b) continuous rein-

forcing using fifty-seven feet long rolls (see Table 2).

7.3 Comparison of Raynham and Walpole Sites

Even though the two test roads are quite similar as
far as the underlying Portland cement concrete is concerned,
there are some differences that should be pointed out. One
is the amount of transverse cracking. While in Raynham only
one or two transverse cracks were found on each slab, Walpole
had two or three cracks per slab. This was one of the reasons
why a continuous reinforcement was chosen for the Walpole
Test Road. On the other hand, it must be emphasized that
intermediate cracking between joints affects the amount of
horizontal joint opening and closing. Therefore this should
be kept in mind when making comparisons between Raynham and

Walpole results.

The amount of traffic on both sites was medium heavy but
in Raynham it was distributed over three lanes whereas in
Walpole, due to the relatively narrow width, the traffic is

concentrated in one lane in each direction.
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8. PRELIMINARY WORK ON THE TEST SITES

Before the actual surfacing was started repairs were
made to old road surface. The transverse joints still con-
tained bituminous sealer and they were untouched. In some
areas where scaling of the slabs was extensive new patches
were applied. Some work was also performed on the shoulders

and new side drains were installed where necessary.

9, TRANSPORTING AND DISTRIBUTING THE WIRE FABRIC REINFORCEMENT

The wire fabric reinforcement was received from the man-
ufacturers already cut to size. In Raynham the fabric was
carried to the site on a flat bed truck and distributed be-
side the test sections of roadway. It was then placed over
the joints immediately in front of the trucks delivering the
mix to the paving machine. Similarly, the Walpole reinforce-
ment was transported to the site and distributed along the

roadside.

10. PLACING OF THE REINFORCEMENT

In both Raynham and Walpole tests the wire fabric was
placed directly on the Portland Cement concrete with longi-
tudinal wires up. There were a few installations where the
transverse wires were up (see Tables 1 and 2).

In Raynham the wire fabric strips were nailed to the
pavement using metal clips and a Remington stud driver (see
Figure 10). About four to six clips were placed along the side

of the fabric nearest the paver thus preventing the wire rein-



13.

forcement from being caught in the machine. The transverse
sheets of fabric were layed with little effort. Occasionally
where the crown of the road was lowered by reducing the usual

1 3/4 inch thickness of the binder, an additional one or two
studs and clips were used. No sleds or other hold-down devices
were needed. The tracks of the Barber-Greene finisher did not
cause any disturbance of the fabric except where an attempt

was made to pave over strips which had not be fastened down.

On the Walpole Test Road the rolls were first flattened
out to their full length of about 57 feet (see Figure 12 and 13).
The ends were overlapped in the middle of the concrete slabs
by about 1 1/2 of the transverse wire spacing. However, the
curl of the rolls, when opened out, caused the lap to have a
tendency to rise up off the concrete. This was remedied by
increasing the overlap to 18 inches and fastening both ends
of the rolled out fabric together with hog rings. Thus a lane

of smooth reinforcement was obtained.

In the three sections where continuous sheet reinforce-
ment was laid the sheets were overlapped about 1 1/2 of the
transverse spacing and tied together with hog rings. One or
two rings were also occasionally used to fasten the longitudinal
edges of adjacent sheets together whenever they showed a ten-
dency to curl. (See Figures 1 to 14 for laying plans and

operations.)

11. PLACING THE BINDER COURSE ON TOP OF THE FABRIC

Massachusetts Type I binder course mix with 7/8 inch max-

imum size aggregate was used to cover the fabric with a 1 3/4
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inch layer. Specifications for this mix are given in the
Appendix. For both test roads a Barber-Greene finisher was
used. The work was done under contract and, therefore, the
test installations were actually laid with the same equipment

and construction techniques as on the usual resurfacing job.

On the Walpole Test Road the fabric was held down by a
sled made of railroad rails and attached to the Barber-Greene
paving machine (see Figure 14). This sled was dragged ahead
by the front frame of the finisher with the individual rails
trailing behind and riding directly over the fabric for their
length. One rail of the sled was always kept on the edge of

the fabric to prevent it from curling up.

During the paving operations traffic was restricted to
one side of the road. As soon as the binder course was com-
pleted in one lane traffic was switched to the other side
while the remaining bare area was covered with fabric and

paved.

12. AREAS WHERE CAUTION IS ADVISABLE

During the paving operations in Raynham very few diffi-
culties were encountered in placing the binder course over
welded wire fabric reinforcement and 96 percent of placement
was completed without any incident. In the Walpole Test Road
several small difficulties developed with the continuous re-
inforcement. In the continuous roll section sometimes a wave
was created by the paving machine as it moved forward. This

wave usually expended itself at the next lap at the middle of
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the slab but sometimes it curled up and became caught in the
machine. In some locations where the binder course happened
to be quite thin due to surface irregularities of the old
Portland cement concrete, the screed caused a relatively high
frictional force and pushed a localized wave of the fabric
ahead of it. This resulted in distortions of the reinforce-
ment and cracking in the binder behind the finisher. Some
wire sections had to be cut out for this reason. There were
also a few difficulties due to the curl of the rolls which
sometimes caused it to rise in the binder immediately behind
the paver at the lap joints. Under roller the binder either
cracked or became springy over the lap, and the ends of the
rolls tended to pretrude through the mix. This was remedied
to a great extent by increasing the length of the lap. There
were instances where the mix had been spilled on the pévement
before the reinforcement was laid, thus creating a high spot

and causing the paver to catch the fabric as it passed over it.

In the Walpole Test Road the top course was not placed
right after the binder application and the binder course was
subjected to considerable traffic use. As a result after
about twenty-four hours a few springy spots developed in some
sections, each about twelve to eighteen inches in diameter.
The areas in which this developed were over fabric which had
curled up in the mix where the bituminous concrete binder
course was relatively thin. In these springy spots the binder
was removed, the wire cut out and the area patched before the
top mix was placed. These defects have not shown up in the

top surface so far.
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13. PLACING THE TOP COURSE

The mix used to cover the binder course was Mass. Type I
top mix, 1 1/4 inch thickness. This was laid by a Barber-
Greene finisher without any special precautions or provisions
being required. The mix specifications are given in the

Appendix.

14. CONDITION SURVEYS AND INSPECTION

The paving operations on the Raynham test site began on
September 28, 1955, and were completed on October 18, 1955.
The Walpole test was started on October 26 and completed on
November 17, 1955.

The first inspection of the test roads was made in the
fall of 1955. From that time on two major condition surveys
were made each year: the first one during the winter months
perferably January or February and the second one during the
summer months. The surveys were done according to an established
method by plotting the crack lengths and widths on forms
specially prepared for this purpose. These records were then
analyzed and the various types of cracks classified according

to the width and type.

Several additional inspections were made using photo-
graphic and visual methods. The development of defects and
cracking in the various sections has been recorded from survey

data and will be presented in subsequent paragraphs.
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15. CRACK DEVELOPMENT WITH TIME

It has been observed during the past ten years that under
Massachusetts conditions reflection crack development in any
Type I mix is usually delayed for about a year after placing
the resurfacing ( 8). This holds true also for the Raynham
and Walpole Test Roads. Only very few cracks on the Walpole
Test Road were observed during the winter 1956 and the first
cracks observed on the Raynham test were in September 1956.
The initial large scale condition survey done in February 1957
revealed considerable cracking because the winter was quite
severe and the crack development was quite unusual as compared
to the past experiences. During this second winter more than
50 percent of the transverse joints in the control sections
had cracks while other test sections showed lower percentages

or none at all.

16. FIVE YEAR FIELD RESULTS

All sections have been subjected to five years of traffic
and weathering. Data compiled from winter and summer surveys
indicate that the differences between the amount of cracks
during the warm period and the cold period are not great except
for the crack width. Some small cracks tend to close up during
the summer especially during the first years. In this report
comparisons between the various test sections will be made on
basis of winter surveys when the cracks are at their widest

opening.
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16.1 Raynham - Transverse Joint Strip Reinforcement

The width of the strip reinforcement in Raynham varied
between 5 and 10 feet. The five~foot wide strips are herein
called narrow, the 6 1/2 to 7 1/2 feet strips are called
medium wide and the 10-foot strips are designated as wide.

The percentage of total reflection cracking above the trans-
verse joints is given in Figure 19. This figure contains six
separate bar graphs which were necessary in order to compare
each of the reinforced test sections with its adjoining control
section. It can be seen that the amount of cracking both in
the test sections as well as in the controls increased with
time, with the control sections developing cracks at a faster
rate than the test sections. Because the width of the cracks
varied from one area to another, the distinction between

"wide cracks" and "narrow cracks" was set at 1/8 of an inch.
The cracks wider than 1/8 of an inch are represented by the
shadowed part of the bar while narrow cracks have not been
shaded. This dividing point at the 1/8 of an inch width was
selected because usually cracks that are 1/8 of an inch and
less in width are not sealed in maintenance operations. During
the actual field surveys the narrow cracks were sub-divided
into two categories: a) hair cracks and b) cracks of about
1/8 of an inch width. The wide cracks had several other re-
corded sub-classifications. The records of these are avail-
able, but for the sake of simplicity and brevity, the detailed

data have not been included in this paper.
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In the case of the strip reinforcement the cracks that are
found appear in two distinct places: a) right above the old
joint and b) at the edge of the reinforcement strip. In
practically all cases the cracks appeared either above the
joint or at the edge and very seldom in both places. In those
few instances where two parallel cracks had appeared the lengths
of the cracks were counted as one and only the crack width
was increased in the classification. In this manner the total

percentage of cracking cannot exceed 100 percent.

Figure 20 shows a division between the amount of edge
cracks and cracks right over the joint. Here again, the
hatched area designates wide cracks while the blank part of
the bar denotes the narrow cracks. The arrangement of the
bar graphs is slightly different in Figure 20 than in Figure 19
showing for each test section the development or increase in
cracking with time. The control sections are not included in
this comparison because they contain only one kind of crack,
that is,only those right above the joint.

16.2 Raynham - Strip Reinforcement Over Longitudinal
Joints

As shown in Table 1 three test sections were established
using five feet wide strip reinforcement over the longitudinal
joints only. The relative comparisons between the control and
the three tests are given in Table 3. The percentages are
based on about 240 feet of longitudinal joint for each test

section.



20.

16.3 Walpole - Continuous Reinforcement Sections

As shown in Table 2 the Walpole test sections were con-
structed using continuous reinforcement not only over the
whole area of the Portland cement concrete slabs but also ex-
tending over each side onto the shoulders as shown in Figures

6, 8, and 12.

The cracking percentages for the transverse joints are
given in Figure 21. Three of the test sections contained wire
fabric in sheets while the rest of the test had the reinforce-
ment in rolls the length of which was approximately the length
of the slabs. In Figure 21 the various test sections are com-
pared with the adjacent control sections and, therefore, each
section of the bar graphs has to be studied independently.

For instance, Tests 20 and 21 have an adjoining control section
C-3 which cannot be directly compared with Tests 16 and 17
because the control section adjacent to Tests 20 and 21 shows
about 70 percent cracking while the control section next to
Tests 16 and 17 has cracked 100 percent. Again, as in the
Raynham test results the hatched area of the bar graphs denote
the amount of wide cracks while the blank area gives the per-

centages of narrow cracks.

Figure 22 gives a comparison for cracks along the edges
of the pavement between the slab and the shoulder. Comparing
Figure 21 with Figure 22 it is apparent that the amount of
longitudinal cracking in Walpole is very small as compared to

the transverse cracking.
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Besides cracks right above the old joints, there are also
a few cracks in areas where the overlap of the wire fabric
sheets or rolls occurs. The relative amount of this kind of
cracking as compared to the longitudinal and transverse cracks
is very small and the length of cracks for 1000 square feet
both for wire fabric in sheets and rolls has been presented

in Tables 4 and 5.

The amount of longitudinal cracking between two adjacent
slabs in Walpole has not been shown in any of the comparisons.
The reason for this is that many cracks in the center of the
road had been caused by the paint stripes and it was virtually
impossible to separate these cracks from the joint cracks.

It can also be seen from Figure 8 that the butting of two ad-
jacent rolls or sheets occurred about six inches on one side
of the longitudinal center joint. Observations in cracking
pattern indicate that reinforcement at such a short distance
from a joint leaves the reinforcement ineffective against
longitudinal joint crack appearances. Therefore, due to the
closeness of the reinforcement butting and the occurrence of
paint cracks right above the joint, the comparison between
the test sections and the control sections in this paper has
not been made. The actual observed amount of cracking was

similar to the adjacent control sections.

17. DISCUSSION OF THE FIELD RESULTS

The main purpose of the two test roads was to compare
the effectiveness of various strip reinforcements placed above

the transverse joints and continuous reinforcement which covers
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the whole road surface. The types and sizes of the wire fabric
used in various sections were selected according to practical
considerations and availability of the various wire fabric
styles. Following is a discussion of the field performance

of two test roads.

17.1 Raynham - Strip Reinforcement

The main emphasis in the Raynham test section was placed
upon the performance of reinforcement over transverse joints
because the strains are relatively higher at these areas as
compared to the longitudinal joints. Figure 19 shows that
all test sections and controls had cracks after two years of
traffic and exposure to weather. 1In all cases the cracks in-
creased in width and length with time. The most undesirable
cracks are the wide ones because they require continued main-
tenance. Comparing the amount of wide cracks as well as the
total cracking in Figure 19 it is apparent that the control
sections in all cases had more of both types of cracking than
any of the wire reinforced test sections. Thus, it can be
said that any of the wire fabric reinforcement over the trans-
verse joints will help in a degree to prevent reflection crack-
ing. The lowest percentage of reflection cracks was found in
Test 10 (fabric style - 6 x 6, 8/8) which is about one third
of that in a comparable control section. If the percentage
of the wide cracks is defined as the most important, Test 6
(fabric style - 3 x 6, 10/10) is the best. In general, Tests
5, 6, 8 and 10 are the best performers with total cracking
from about one-half to one-third and wide cracks between

one-half to one-sixth of that in the controls.
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The two types of transverse cracks encountered in Raynham
test section are compared in Table 20. It is apparent that
the type of reinforcement plays a great role in the structural
behavior of the bituminous concrete and reinforcement combina-
tion. Laboratory studies show that the design and placement
of the reinforcement for transverse joints is an engineering
problem which requires balancing of "strength" to resist the
forces of nature and traffic. (11) For instance, if the
strip reinforcement is made of stiff wire closely spaced and
the width of the strip is not adequate, there will be no
cracking right above the joint but the highly reinforced sec-
tion will transfer the strain to the edge of the reinforce-
ment causing a crack there. On the other hand, if the sizes
of the wire fabric are small and the spacing between the wires
is considerable and if the strip of wire fabric placed above
the joint is wide, the likelihood of reflection cracks occurring
right above the joint is high. Laboratory tests and theoretical
studies indicate (10) (11) (17), that the behavior of welded
wire fabric in the bituminous concrete is different from that
of reinforcement placed in Portland cement concrete. When a
reinforced bituminous concrete layer is subjected to tension
the longitudinal wires offer very little bond resistance. The
main resistance to the strain of the reinforced overlay is
excercised by the transverse wires which undergo a shear move-
ment through the mix. The amount of shear movement depends
upon the stress, the temperature of the mix, time of loading
and other factors. Part of this movement is recoverable elas-
tically while other part becomes a permanent deformation. The
main factors that appear to play a role in deciding whether
a crack will appear right on top of the joint or at the edge

of the strip reinforcement are as follows:
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a) The percentage of the longitudinal steel area
affects the amount of strain that is distributed along the
longitudinal wire for a given stress. The thinner the longi-
tudinal wires or the less of them per unit area the easier it

will be to "stretch" the fabric.

b) The transverse wire length between two longitu-
dinal wires is of great importance. The longer the spacing
the more flexible is the reinforcement system and the more
likely center cracks can occur. This flexibility is influenced

also by the transverse wire diameter.

c) The shear resistance of the transverse wires
which is influenced by the transverse wire diameter is another
factor that affects the wire fabric reinforcement behavior.

The smaller the transverse wire diameter the easier the wire
will cut into the mix or undergo shear movement under the given
load and more likely allow cracks to develop right above the
joint.

d) Road tests show that the width of the wire fabric
strip reinforcement is important in deciding whether there will
be cracking or not and if so where this cracking will occur.

For narrow strip reinforcement the likelihood is an edge crack.

It must be remembered, however, that the wire fabric re-
inforcement alone is not going to determine whether the rein-
forced joint will have a crack or not. The condition of the
underlying slab especially surface roughness as well as other
factors will play a role in defining where the crack will form

if it does. By outlining the previously discussed reinforce-
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ment factors for each of the Raynham test sections, a fairly
consistent explanation of why certain sections had cracks at
the edges while the others did not can be obtained. For
instance, Test 12 has a relatively low longitudinal wire

steel area, the longitudinal wire spacing is 12 inches, the
transverse wire diameter is relatively large but the spacing

is six inches, and the strips are 10 feet wide which is wide
according to our classification. Therefore, it is likely that
cracks will develop along the center of the reinforcement or
right above the joint. On the other hand, Test 4 has a high
longitudinal steel area, narrow spacing of longitﬁdinal wires,
and the strip width is only five feet. Therefore, if any
cracks would appear they are likely to be at the edge of the
strip. This is true for both installations (see Figure 20).
Similar comparisons for the other test sections will indicate
the same trend. While it is difficult at this time to assign
definite numbers for the above mentioned factors, it is assumed
that future research will reach conclusions as to their rela-
tive significance. The Raynham Test Road indicates that under
Massachusetts conditions and with the styles of strip reinforce-
ment used, reflection cracking can be considerably reduced but
not prevented. The main reason for this is the fact that strip
reinforcement needs balanced design which is difficult to
achieve where slabs are of considerable length and the horizontal
joint opening and closing is large. This question has been

discussed at greater length in a previous publication. (11)

In addition to the eleven tests of transverse joints,
three areas were covered with strip reinforcement for longitudinal

joints only. The cracking index for these three sections are
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given in Table 3. Because of the relatively short length of
these tests any conclusions should be drawn with caution.
Test 13 (fabric type 4 x 4, 10/10) has unusually high crack
index which is unexpected and cannot be explained at this
time. Test 15 (fabric type 6 x 6, 8/8) which has the same

fabric as Test 10, has no cracking.

17.2 Walpole - Continuous Reinforcement

The Walpole Test Road contains three test sections with
the continuous sheet of reinforcement and seven sections where
rolls were used. Figure 21 summarizes the amount of trans-
verse cracking and again it must be emphasized that comparisons
can be made only between the tests and the adjacent control
sections. Thus Tests 20 and 21 should be compared with Control
rather than with other controls. This calls for a caution

when direct comparison between various sections are made.

The basic idea behind the continuous reinforcement is
to make the resurfacing independent of the underlying slab
movements. In a continuously reinforced surfacing the possi-
bility of so-called edge cracking as shown in Raynham is no
longer a problem and instead of balancing the various forces
on both sides of the joint the design involves for optimum
amount of reinforcement to obtain the strength necessary to
avert any excessive strain in the resurfacing. The results
in Figure 21 indicate that the best performance was obtained
with 3 x 6, 10/10 welded wire fabric in rolls. There are two
test sections with this type of wire fabric and both of them

show good results. (Tests 20 and 24). The difference between
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the two is the manner in which the wire was layed: in Test 20,
the longitudinal wires were on the top of the fabric while in
Test 24 this was reversed. The total amount of cracking as
compared to the control is about one-seventh for Test 20

and about one-fifth for Test 24. The number of wide cracks
in both test sections is low and very few cracks are notice-
able driving over these sections. It can be said that after
five years transverse cracking in these two sections is neg-

ligible from a maintenance standpoint.

Tests 16, 17 and 18 were reinforced with various types
of fabric in sheets and the performance is less impressive
than with similar wire fabrics of a continuous type of rein-
forcement. The possible reason for this is that even though
the sheets were tied together by hog rings there actually was
never a continuous type reinforcement in such an arrangement.
In several cases the laps of the joints were very close to the
old Portland Cement concrete joints thus causing a plane of
weakness near the joint. In test sections where rolls were
used the longitudinal wires in all cases had to be gauge 10
or higher (thinner) because of the difficulty in flattening
the rolls on the road. As a consequence no heavier gauge than
10 was used on a test section. Test 26 had 3 x 3, 12/12 wire
fabric style in rolls and Test 27 was 2 x 2, 14/14 wire fabric.
Both sections were difficult to place mainly because of the
narrow wire spacing and the 7/8-inch aggregate used in the
binder course. Test 25 contained no wire but the thickness

was increased to 3 3/4 inches instead of the conventional three



28.

so that the cost would equal that of wire fabric. The trans-
verse cracking in this section has reached 50 percent but is

still low compared to the adjacent control.

The percentages of longitudinal cracking between the edge
of the slab and the shoulder on each side are given in Figure 19.
As can be seen, the relative number of cracks found is small
compared to the previously discussed transverse cracking.
Even the control sections (except for Control 3) have low
cracking index. The reinforcement in the bituminous concrete
overlay was extended over already existing bituminous concrete
shoulders. Therefore, the amount of settlement so far has
been very small which might account for the relatively low
cracking indexes. There were a few instances where drainage
was placed along the edge of the old pavement prior to resur-
facing. The disturbed and then compacted soil and gravel
support has settled about 1/4 to 1/2 inch in these locations
and edge cracking has taken place. These areas, however, had
to be eliminated from the test compilations as they could not
be compared with test sections where such disturbances were
not present. The high percentage of cracks in Control 3 is

not explainable from data available.

In summary it can be said that several types of wire
fabrics are capable of restricting the longitudinal edge re-

flection crack development for at least five years.

Table 4 summarizes the number of cracks which have developed
at the wire fabric laps. Similarly, a few cracks that have

developed over the interior of the slabs are recorded in Table 5.
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The highest occurrence of these two types of cracks is found
in Tests 16, 17 and 18 where the sheet type of reinforcement
was used. The length of the crack for each area, however, is

very small and of little importance.

17.3 Raynham Compared to Walpole Tests

The comparison between the two has to be made with some
caution because of the relative differences between the test
roads and also due to slight differentials in the cracking
indexes of the control sections. If a "rough" comparison is
assumed to be valid, all but two of the wire tests have per-
formed better than the control. In an overall comparison a
continuous type of reinforcement has performed better than the
strip type of reinforcement with 3 x 6, 10/10 wire fabric in
continuous rolls showing the most outstanding performance.
The ability of the 3 x 6, 10/10 welded wire fabric to resist
formation of cracks above transverse joints is also clearly
indicated by the performance of Tests 1, 4 and 6 in Raynham.
Although they have cracks at the edges of the reinforcement,
center cracking is below ten percent i.e., comparable to the

3 x 6, 10/10 sections in Walpole.

18. CONCLUSIONS

When comparing these results, the variations in the con-
dition of each test section as well as in the physical envi-
ronment of the test sites over the five-year period must be

kept in mind. Observations and measurements indicate the

following:
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l. It is easy to place the types and styles of welded
wire fabric used in Raynham and Walpole tests in 3 inches of
bituminous resurfacing when the fabric is placed directly on

the surface of the old concrete pavement.

2. All types and styles of fabric used had the effect
of reducing the amount of reflection cracking to less than

that in control sections.

3. Where cracks did appear at reinforced transverse
joints, they were of smaller average width than those in the

comparable control sections.

4. The most outstanding resistance to reflection crack-
ing was shown by 3 x 6, 10/10 continuous welded wire fabric

reinforcement in rolls (Test 20). For example:

a) Only nine percent of the total length of poten-
tial transverse reflection cracks appeared. This is nearly

one-eighththat in the comparable control section.

b) Only four percent of the cracks are wide (over
1/8 inch), which is about one-~fifteenth of the wide cracks in

the control section.

c) Only about two percent of possible longitudinal

edge cracking occurred with only narrow cracks present.

5. In the strip reinforcement test a strip of 6 x 6, 8/8
welded wire fabric 7.5 feet wide proved the best. Total crack-
ing was only one-third (33 percent) of that in the control.
Test 6 using 3 x 6, 10/10 fabric showed the lowest percentage
of wide cracks; i.e., about one-seventh than that of the

control.
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6. The performance of welded wire strip reinforcement is
evidently influenced by the longitudinal steel area, longitu-
dinal wire spacing, transverse wire diameter, and the width
of the strip reinforcement. Strip reinforcement requires a
balanced design (not too strong and not too weak) where large

horizontal joint openings are expected (about 0.1 inch or more) .

7. While the choice of width of welded wire fabric rein-
forcement strips is a function of several factors, under the
conditions tested six to eight feet wide reinforcement for
transverse joints and about five feet for longitudinal joints

appears satisfactory.

8. The amount of longitudinal edge cracking was small

in the Walpole Test Road in all reinforced sections.

9. If settlement of the resurfacing over a shoulder is
more than about 1/4 inch, longitudinal cracks will occur be-

tween the slab and the shoulder even with reinforcement.

10. The 3 3/4 inch thick resurfacing in Test 25, costing
the same as a continuously reinforced surfacing 3 inches thick
had a transverse crack incidence five times greater than in
Test 20 where 3 x 6, 10/10 welded wire fabric reinforcement

was used in the 3-inch thickness.

11. Field observations show that 7/8 inch maximum size
aggregate appears to be the upper size limit if the reinforce-
ment opening is 2 x 2 inches. In other words, the minimum
fabric wire spacing in the mat should be at least twice and
perferably three times the maximum dimension of the aggregate

used in the mix.
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195. RECOMMENDATIONS

The work described in this paper has been aimed at sys-
tematic gathering of data concerning welded wire fabric rein-
forcement in bituminous concrete resurfacings so that mean-
ingful conclusions could be reached. This should be continued

in order to find solutions for varied situations:

1. The amount of horizontal and vertical joint movements

should be measured and data compiled in each state.

2. In areas where the conditions are similar to Mass-
achusetts large installations using the best types of contin-

uous reinforcement should be undertaken.

3. Strip reinforcement should be tried in areas where
the maximum horizontal joint movement is not as great as in
Massachusetts and where the main purpose is to reinforce

against shear and flexure at the joints.

4. Some samples removed from the test road showed evidence
of rusting of the wire fabric. Although this does not appear
to have influenced the performance of the reinforcement, ways
of protecting the steel should be investigated, such as sand-

wiching it between layers of bituminous concrete.

5. Improvements in methods of laying fabric including

the development of equipment for this purpose should be studied.

6. Theoretical studies of welded wire fabric reinforce-
ment in a viscoelastic material (bituminous concrete) should

be pursued.
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7. Laboratory studies to prove theories and to accumulate
knowledge on the importance of factors like longitudinal wire

cross-sectional area, spacing, transverse wire size and strip

width should be continued.

8. Rheological studies of various types of bituminous

concrete reinforced with welded wire fabric should be continued

in the laboratory.
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Fig. 1 Location map of test road. Raynham, Massachusetts.



RAYNHAM TEST SITE Table |

DESCRIPTION OF WELDED WIRE FABRIC USED

Sheet Reinforcing over Transverse Concrete Joints

Test | Total | Fabric Spacing of Gage of Outside Dimensions
No. | Sheets Style Wire in Inches Wire of Sheets in Place
fiiadebadl I siciiinsingl iy i Ml Il Sitsindil I itibirving
1 18 3x6 19, 3 6 6 10 1’ 6'6"
2 18 6x6 1% 6 6 10 10 ' 5'
3 18 6x6 19, 6 6 10 10 "' 6'6"
4 18 3x6 19 3 6 6 10 ' 5'
5 18 6x3 %0 6 3 10 10 "' 6'6"
6 18 3x6 19, 3 6 10 10 n' 7'6"
7 18 4x8 Y, 4 8 6 10 "' 6'6"
8 18 4x4 19, 4 4 10 10 1A% 6'6"
10 18 6x6 B4 6 6 8 8 1 7'6"
11 18 12x6 ¥ 12 6 6 8 ' 7'6"
12 36 12x6 8 12 6 6 8 5'6" 10!

Sheet Reinforcing over Longitudinal Concrete Joints

Test | Totdl Fabric Spacing of Gage of Outside Dimensions

No. | Sheets Style Wire in Inches Wire of Sheets in Place
Transverse Longitudinal{ Transverse| Longitudinal | Transverse Longitudinal
Dimension Dimension Wire Wire Dimension Dimension

13 24 4x4 19, 4 4 10 10 5' 12'

14 24 6x3 1% 6 3 10 10 5' 12!

15 24 6x6 84 6 6 8 8 5! 12'
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Fig. 4 Placement of fabric on road. Longitudinal
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WALPOLE TEST SITE Table 2
DESCRIPTION OF WELDED WIRE FABRIC USED

Continuous Reinforcing Over Entire Roadway with Sheet Fabric

Test | Total Fabric Spacing of Gage of Outside Dimensions
No. | Sheets Style Wire in Inches Wire of Sheets in Place
Transverse Longitudinal | Transverse|Longitudinal | Transverse Longitudinal
Dimension Dimension Wire Wire Dimension Dimension
16 | 96 6x12 8/6 6 12 6 8 6' 18'
32 6x128/6 | 6 12 6 8 5 18'
17 | 96 6x6 8/8 | 6 6 8 8 6' 18'
32 6x6 8/8 6 6 8 8 5 18'
18 | 96 3x6 10/6 | 3 6 6 10 6' 18'
32 3x6 10/6 3 6 .6 10 5 18'

Continuous Reinforcing Over Entire Roadway with Roll Fabric

Test | Total Fabric Spacing of Gage of Ovutside Dimensions
No. | Rolls Style Wire in Inches Wire of Rolls in Place
Transverse Longitudinal | Transverse| Longitudinal | Transverse L ongitudinal
Dimension Dimension Wire Wire Dimension Dimension
19 | 30 6x3 10/10)| 6 3 6 10 6 57'
10 6x3 10/10 6 3 6 10 5 57'
20 30 3x6 10/10 3 6 10 10 6 57!
10 3x6 10/10 3 6 10 10 5' 57'
21 | 30 4x4 0/10| 4 4 10 10 6 57'
10 4x4 10/10| 4 4 10 10 5 57'
23 | 30 | 6x3 10/10 6 3 10 10 6' 57!
10 6x3 10/10 6 3 10 10 5' 57'
24 | 30 3x6 10/10"] 3 6 10 10 6' 57!
10 3x6 1016" 3 6 10 10 5' 57'
25 Test 25 placed with total resurfacing thickness increased from normal 3" to 3 %", without reinforcing.
2% | 30 3x3 12127 3 3 12 12 6 57'
10 3x312/12%] 3 3 12 12 5' 57"
27 | 30 2x2 wd] 2 2 14 14 6 57'
10 2x2 44 2 2 14 14 5' 57!

Note (1) - Placed with Transverse wire on top
Note (2) - Galvanized wire
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RAYNHAM TEST SITE

Figure 9. Typical installation of
transverse reinforcing
over joint,

Figure 10. Remington stud driver
used to hold down fabric
sheets,
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Figure 11. Typical installation of
longitudinal reinforcing
over joint.




WALPOLE TEST SITE

Figure 12, Placing continuous Figure 13. Placing continuous
sheet reinforcing. roll reinforcing.

Figure 14. Sled used on Barber-Greene paver for holding down
continuous reinforcing.



Figure 15 One of the cracks in non-reinforced Figure 16 Crack above joint in reinforced
section. section, Raynham.

Figure 18 Longitudinal crack narrows down
and stops at reinforced section
(bottom), Walpole.

*igure 17 Crack at edge of reinforcement,
Raynham.



RAYNHAM TEST SITE
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Figure 19 Comparison of transverse crack development for the
Raynham Test Road using strip reinforcement
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Comparison of transverse crack development for the

Walpole Test Road using continuous reinforcement
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Figure 22 Comparison of longitudinal edge crack development for
the Walpole Test Road
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TABLE 3

Comparisons of longitudinal
cracking between adjacent slabs
in three test sections in Raynham

Percent of Potential Cracking
at Various Ages (Years)

Fabric

StXle 1 2 3 4 5
4 x 4, 10/10 0] 0 15 21 31
6 x 3, 10/10 0 0 6 6 7
6 x 6, 8/8 0 0 0 0 0)

none 0] 7 14 22 38



TABLE 4

Feet of cracking per 1000 sq. ft.
over laps between sheets and rolls
in the Walpole Test Road

Age in Years

Test

16

17

18

19

20

21

23

24

26

27

1 2 3 4 5

0] 2.4 3.1 3.7 5.1
0 1.1 1.4 2.2 2.3
0] 1.2 2.0 3.1 3.1
0 1.4 2.0 3.1 3.9
0 0 0 0.3 0.3
0 0 0.1 0.8 0.8
0 0 0 0 0.1
0 0 0] 0.2 1.8
0 0 0 0 0.2
0 0 0 0 0



TABLE 5

Feet of random cracking per
1000 sqg. ft. over the interior
of slabs in the Walpole Test Road

Age in Years

16

17

18

19

20

21

23

24

25

26

1 2 3 4 5
0 0.3 0.8 5.1 5.5
0 1.8 1.4 3.5 3.7
0 0.8 0.8 0.8 0.9
0 1.6 1.1 3.3 4.6
0 0 0 0.2 0.3
0.2 0.4 0.4 1.2 1.5
0 0 0.6 l.6 l.6
0] 0.4 0.6 0.7 1.7
0] 0 0 0.3 1.2
0 0 0.2 0.2 1.0
0.7 2.8 4.5 4.9 8.3
0 0.2 1.1 2.9 4.3
0 0.4 0.5 1.2 2.8
0 0 0.2 1.3 1.8
0 0.2 1.0 3.2 4.2



