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the AC content remaining constant. The increased AC
content resulted in a reduced ATB void content
(Table 3) from an average of 11.1 percent for the
control to 6.7 percent for the increased AC section.
This may be an important factor in the improved per-
formance.

CONCLUSIONS

This research on transverse cracking and the temper-
ature susceptibility of asphalt cement supports the
following conclusions:

1. An improved sealant or sealing procedure is
needed if transverse joints are to be used in as-
phalt pavements.

2. The PVN is an effective measure of the tem-
perature susceptibility of asphalt cements.

3. The use of a high-temperature-susceptible as-
phalt cement produced severe transverse cracking.

4. The use of asphalt cements with low tempera-
ture susceptibility will reduce the frequency of
transverse cracking.

5. An increased asphalt cement content in the
ATB will reduce the frequency of transverse cracking.

RECOMMENDATIONS

Earlier Iowa DOT specifications for asphalt cement
did not ensure the best possible pavement. A recom-
mendation for an improved specification was made on
the basis of this research. A change from AASHTO
M226 Table 1 requirements to Table 2 requirements
has been adopted for 1984 projects.

Before this project the AC content specified for
ATB was 4.75 percent. Mix designs are now used to
determine the AC content and limit the void content.
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This should yield improved performance and extended
life of full-depth asphalt pavements.
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Laboratory Evaluation of an Asphalt-Rubber SAL

R. A. JIMENEZ and W. R. MEIER, JR.

ABSTRACT

The evaluation of a mixture of asphalt and rubber to serve as a strain attenu-
ating layer (SAL) in asphaltic concrete overlays is discussed. The mixture con-
sisted of a blend of asphalt and rubber and the SAL was made with and without
stone chips. The tests used for the evaluation were developed to simulate cer-
tain pavement loadings and they were classified as repeated vertical shear,
static horizontal shear, repeated horizontal shear, and flexure fatigue. Cal-
culations were carried out to determine the effects of the SAL on stresses in
the laboratory models and also in flexible layered pavement systems. The labo-
ratory test results showed that the layers without the stone chips had the best
performance. The calculations for the laboratory and pavement models indicated
that the greatest effect brought about by the attenuating layer was in reduc-
tion of horizontal shear at the overlay-asphalt-rubber layer interface and that
there must be a limiting thickness of that layer to prevent tensile overstress
of the bottom surface of the asphaltic concrete overlay.
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A reflection crack is one that develops in an over-
lay and is directly over a preexistent crack in its
supporting layer. In asphaltic concrete overlays,
the supporting layer may have cracked from (a)
shrinkage stresses, (b) load stresses, or (c) the
reflection crack phenomenon. The supporting layer
may be composed of portland cement concrete, as-
phaltic concrete, cement-treated base, or a clay-
bound soil course.

The design of overlays has included the concept
of making the overlay thick enough to resist the
stresses causing reflection cracking or placing a
layer of low deformation modulus between the old
pavement surface and the new overlay. The first
method is generally expensive, especially if wire
mesh is used, and is not always successful. In the
second method a layer of unbound granular base, or a
large-stone-open-asphalt-bound base, or a relatively
thin asphalt-rubber chip seal has been found to min-
imize the incidence of reflection cracking. It is
surmised that the success of those materials was due
to their low deformation modulus.

Asphalt-rubber (A-R) is a mixture of asphalt and
fine grindings from rubber tires. Its properties and
uses have been reported by McDonald (1), Morris and
McDonald (2), Green and Tolonen (3), and Jimenez
(4) . The Arizona Department of Transportation (ADOT)
has used the asphalt-rubber chip seal since the
early 1970s as an anti-reflection~cracking material
{2).

Jimenez (4) suggests that reflection cracking is
brought about by shear stresses rather than by ten-
sile stresses. That statement was made on the basis
of results from laboratory testing that attempted to
simulate field loading conditions. In those tests,
an asphaltic concrete beam was attached to aluminum
plates with RC-250 or asphalt-rubber; however, the
asphalt-rubber serving as the anti-reflection-crack-
ing material did not have the stone chips. Also, (as
will be done in this paper) the low deformation mod-
ulus material will be labeled a "strain attenuating
layer" (SAL).

In Arizona, two types of asphalt-rubber are used
for the construction of SALs. The rubber in one kind
is synthetic and obtained from passenger vehicle
tires; the other one is a combination of synthetic
and natural rubber obtained from truck tires. The
A-R made with the passenger vehicle tire grindings
is mixed with a low viscosity asphalt and the other
A-R 1s mixed with a high viscosity asphalt plus a
small amount of an extender oll (an aromatic mate-
rial). A limited investigation comparing the vis-
cosity of these two asphalt-rubber mixtures was re-
ported by Jimenez (5).

This paper is a discussion of a portion of a
larger program (6) that was concerned with determin-
ing differences between the two types of A-R and
also those resulting from the use of stone chips in
the SAL; further, only one of the two A-R systems
will be discussed. The work plan included testing
beams simulating an overlay situation under loadings
of (a) repeated vertical shear, (b) static hori-
zontal shear, (c) repeated horizontal shear, and (d)
flexural fatigue. In addition, calculations were
performed for determining the effects of SALs on
stresses for assumed flexible pavement layered sys-
tems and also for the laboratory models.

MATERIALS USED

In the planning of the work program, it was the in-
tention that there would not be a variation in mate-
rials other than the A-Rs. However, because of in-
creasing the scope of work and rerunning tests for
checking purposes, the asphaltic concrete for making
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the beams was not held to a constant mixture. Never-
theless, for a particular group comparison, the as-
phaltic concrete mixture was not a variable,

Asphalt

A low viscosity asphalt, AR-1000, was furnished by
Sahuaro Petroleum for mixing with styrene-butadiene
rubber (SBR) granules. The asphalt was assumed to
meet ADOT's specifications (7).

Rubber

The rubber to be used with the Sahuaro asphalt was
obtained from Atlos Rubber, Inc., of Los Angeles,
California, and characterized as Overflex TP 044,

No measurements were made on the rubber; however,
Jimenez (4,5) presents particle size distribution
data for the Atlos rubber TP 044. The bulk (97 per-
cent) of the rubber particles passed the No. 16
sieve and were retained on the No. 50 sieve.

Asphalt Rubber

The Sahuaro A-R was made with 78 percent AR-1000 and
22 percent TP 044 by total weight. The procedure for
making and storing the A-R blends is given elsewhere
(6). .

Asphaltic Concrete

Asphaltic concrete mixtures came from the Tanner
Company plant in Tucson. Large quantities of regular
plant production were obtained and stored in 5-gal
(19-L) metal cans. A proven satisfactory procedure
for storing and sampling the asphaltic mixtures in
the containers is discussed elsewhere (4).

Stone Chips and Sand

The stone chips came from a Tanner Company stockpile
used for chip sealing. The chips used with the A-R
for the SAL were one size, 3/8 in. (No. 4).

A concrete sand was used to correspond to a blot-
ting operation in field construction and applied at
the rate of 1.6 kg per square meter (3 lb per square
yard). It had been anticipated that, if the stone
chips were to be omitted in actual construction of
an SAL, a blotting sand would be required to carry
construction traffic over the straight A-R. At
present, it is believed that the A-R-only SAL can be
constructed with or without having construction
traffic coming in direct contact with the A-R.

TEST AND PROCEDURES

Test procedures for characterizing A-R blends have
not been standardized; however, an extensive amount
of laboratory measurement and results has been re-
ported by Rosner and Chehovits (8). Also, aging test
results are discussed by Jimenez and Meier (6).

Original work and tests on laboratory models to
investigate the effects of SALs on the resistance to
reflection cracking are reported by Jimenez (4) as
well as by Jimenez, Morris, and DaDeppo (9). The
test procedures developed in the laboratory of the
University of Arizona are described by Jimenez (6)
and minimal discussion of details will be presented
in this section. Standard tests or those developed
elsewhere will be referenceé to the related publi-
cation,
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Making Composite Beams

The laboratory pavement model was composed of two
aluminum plates to serve as the cracked supporting
layer to an overlay, a tack coat of asphalt cement
or the SAL to tie the overlay to the supporting
layer, and an asphaltic concrete to represent the
overlay. Each aluminum plate was 152 x 508 x 12.7 mm
(6 x 20 x 1/2 in.) and the asphaltic concrete beam
was 127 mm (5 in.) wide and 610 mm (24 in.) long.
The height of beam was 76.2 mm (3 in.). The proce-
dures for placing the tack coat (or SALs) and for
the compaction of the asphaltic-aluminum beam are
given elsewhere (6).

Repeated Vertical Shear Test

The repeated vertical shear test was developed to
simulate wheel loads being transmitted from one side
of a crack to the other by the overlay. The setup
and testing procedures are described elsewhere
(4,6); Figure 1 1is a photograph. Note that the

placement of the load is not exactly as occurs in a
pavement, but it is believed that the test is appro-
priate for comparing the response of different SAL
treatments to the test.

FIGURE 1 Setup for the repeated vertical shear test.

Static Horizontal Shear Test

The effect of this test was thought to be comparable
to that which occurs at the interface of an overlay
or an SAL and at the crack of the old pavement sur-
face as the system undergoes cooling. An examination
of Figure 2 will show that the load applied axilally
to the aluminum plates was transmitted to the as-
phaltic beam through the SAL.

Repeated Horizontal Shear Test

The repetitive nature of this test was considered to
represent a repeated shear stress caused by the pas-
sage of traffic loads over the crack; it is recog-
nized that the maximum shear stress caused by traf-
fic is not necessarily of a horizontal direction.
The testing procedure is described elsewhere (6):
Figure 3 is a photograph of this setup.

Flexural Fatique

The flexural fatigue procedure was called the "de-
flectometer test." The making and testing of speci-
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FIGURE 3 Setup for the repeated horizontal shear test.

mens 457 mm (18 in.) in diameter has been reported
to ADOT (10) as well as to ASTM (l1).

It was the purpose of this testing to establish
if there was any difference in fatigue resistance of
the overlay should the SAL contain stone chips or
not. As a consequence, the only difference to the
standard procedure of making a specimen was to first
place the SAL on an aluminum sheet 0.25 mm (0.010
in.) thick by 457 mm (18 in.) in diameter that had
been diametrically slit at right angles--a length of
406 mm (16 in.). The asphaltic concrete mixture was
placed and compacted over the aluminum=-SAL system in
the normal manner.

All specimens were stored for a period of 7 days
before testing. The first day of storage was at 25°C
(77°F) and the remaining 6 days at temperatures cor-
responding to the test temperatures in order for the
system to come to some sort of equilibrium.
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FIGURE 4 Fatigue relationship under repeated vertical shear for Sahuaro SAL.

RESULTS AND DISCUSSION OF TESTS

The portion of the research presented here was to
help establish differences in laboratory performance
between the asphalt-rubber SALs with and without
stone chips and to calculate the effects of an SAL
on shear and tensile stresses in the overlay system.
However, only the testing portion of the program
will be discussed in this section.

Repeated Vertical Shear Test

The repeated vertical shear test was developed to
simulate the passing of wheel loads from one side to
the other side of a sublayer crack under an overlay.
The relative performance of the SALs was established
by comparing the effects of repeated vertical de-
flections on the number of thelr repetitions to
cause failure. A plot of two typical curves showing
this comparison is shown in Figure 4. The results of
the tests performed using AR-4000 as a standard tack
coat and the Sahuaro SALs are given in Table 1.

The data plotted in Figure 5 show quite clearly
that the SAL without chips had a response superior
to that of the AR-4000 tack coat or the SAL with the
chips treatment. An examination of the average
curves and their 95 percent confidence limits shows
that for the SAL with no chips the variability in
the test results was not as great as the variability
in the test results for the SAL containing chips.

The much wider band of the 95 percent confidence
limits for the SALs containing chips is attributed
to the seemingly greater number and size of flaws or
stress concentration points in the system. The same
situation would be expected to occur in a field in-
stallation,

Static Horizontal Shear Test

The static horizontal shear test was thought to pro-
duce effects comparable to those produced when the
underlying course of an overlay is subjected to tem-
perature shrinkage that causes a crack to widen. The

TABLE 1 Resistance of Three SALs to Repeated
Vertical Shear for Beams 3 x 5 x 24 in. Tested at
25°C, 1% in. Mixture

Repeated Vertical Deflection & N¢ to Failure
(107%in.) (x 10%)
AR-4000 SAL Without Chips

5 80
8 1208
15 20
20 26
29 3,2
Sahuaro SAL With Chips

6 50°
10 30°
17 11
21 24
25 4.7
40 1.2
Sahuaro SAL Without Chips

7 275

8 1958
17 30
18 36
29 6
30 5

BFailure by separation of SAL from AC beam, Other specimens
falled by cracking of AC beam.

tests were performed at three extension rates and
various measurements were recorded (Table 2).

The most consistent measurement from which to
compare the response of the SALs was that of maximum
load. Figure 6 shows the effect of extension rate on
the maximum load carried or transferred by the dif-
ferent SALs. An interpretation of the data is that
the SAL with the smallest maximum load would have
the best performance because 1t would transfer the
smallest load to the overlay. In this context the
Sahuaro performed better than the AR-4000 tack. The
distinction between chips and no chips 1is not
clearly defined.
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FIGURE 5 Ninety-five percent confidence limits for fatigue under repeated vertical

shear for two SALs.

At this point it is thought necessary to remind
the reader that the Sahuaro A-R was made with an
AR-1000 asphalt. It is assumed that, due to the ab-
sorption of the cyclic portion, the resulting vis-
cosity would still be less than that for the AR-4000
and thus be more yielding under load.

Repeated Horizontal Shear Test

The repeated horizontal shear test was designed to
represent some shear stress in the SAL-beam system
caused by the passages of wheel loads. Initial exam-

ination of the recorded data showed that interpreta-
tion was going to be difficult. For example, at the
start of the test, the applied displacement caused a
tensile load on the system; however, as the SAL
elongated and the repeated cam displacement value
was held constant, this effect caused a compressive
load on the system. In addition, at times it was im-
possible to determine whether failure had occurred
in the SAL or in the asphaltic beam.

Table 3 gives the data considered to best repre-
sent the responses to the test for the AR-4000 tack
coat and the Sahuaro SAL, respectively. An examina-
tion of the table shows that for the AR-4000 tack

TABLE 2 Resistance of Three SALs to Static Horizontal Shear (Beams 3 x 5 x 24 in, Tested at 25°C, No. 1 %-in. Mixture)

Sahuaro SAL

AR-4000 SAL Without Chips

SAL With Chips

SAL Without Chips

0.05 in,/min 0,10 in./min 0,20 in./min

0.05in./min 0.10in./min 0.20 in./min 0.05in./min 0.10in./min 0.20 in./min

Maximum load (1b) 148 256 328 42
158 300 364 194

Average 154 278 346 118
Slip at maximum load 51 10 35 450
(107* in,) 20 20 60 660
Average 36 15 43 555
Slip at rupture 51 45 900
(107* in.) 45 50 60 1,000
Average 48 50 47 950
Load at slip rupture 148 305 38
(1b) 132 256 350 190

Average 140 256 328 114

232 286 116 188 256
132 274 130 230 292
182 280 123 209 274
160 930 240 500 920
380 420 430 610 880
270 675 335 555 900
910 1,270 280 620 1,200
750 700 430 1,320
830 985 355 620 1,260
200 278 114 176 244
120 268 130 270
160 274 122 176 258
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FIGURE 6 Effects of extension rates on maximum load under
static horizontal shear for AR-4000 and Sahuaro SALs.
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coat system, all of the failures occurred within the
beam, and for the Sahuaro system, the SAL without
chips was the layer that failed.

In Figure 7, curves are presented that show the
effects of load on the number of repetitions to
cause failure. The figure indicates, as did the
curves for the repeated vertical shear test of Fig-
ure 5, that the SAL without chips performed better
than the one with chips and that the variability of
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TABLE 3 Resistance of Three SALs to Repeated
Horizontal Shear (Beams 3 x 3 x 24 in. Tested at
25°C, No. 1 %-in. Mixture)

Toial Load Ny to Failure Location of
(1b at 1,000 reps.) (x 10%) Failure
AR-4000 SAL Without Chips

355 32 Beam
425 7 Beam
485 13 Beam
570 2 Beam
595 1.5 Beam
Sahuaro SAL With Chips

315 35 SAL
340 6 SAL
400 15 Beam
410 4 SAL
410 30 SAL
455 5 SAL
495 2.5 Beam
525 3 SAL
540 4 Beam
Sahuaro SAL Without Chips

370 90 SAL
470 30 SAL
485 40 SAL
555 4 SAL
570 10 SAL

response as indicated by R? was greater for the

system with chips.

Deflectometer Fatigue Testing

The fatigue testing of the SAL system was added to
the evaluation program after initial test results
indicated that the SAL without chips performed bet-
ter than the one with chips. There had been some
concern that fatigue life would be reduced if the
SAL were built without chips.

A limited amount of fatigue testing was performed
following the procedure described earlier. The test
results are given in Table 4. The data show that al-

Test Temperature 25°C (77°F)

Sahuaro w/chips; L = 1358 N “0-130 ; g2 - 0.483
Sahuaro w/o chips; L = 1693 N.0-126 ; g2 = 0.793
AR-4000; L = 1813 N.0-153 ; 82 = 0,844
8 - —— w/chips
= e m (e v wme W/0 Chips
F=
a
<
o
-
-
= 8t
o
e
10?2 T - L
3 5
10 10 10

REPETITIONS TO FAILUREN
FIGURE 7 Fatigue relationship under repeated horizontal shear for various SALs.
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TABLE 4 Resistance to Flexural Fatigue of Sahuaro A-R SAL
(Deflectometer Test at 25°C, No. 2 %-in. Mixture)

Total Slab Thick-  AC Slab Thick- AC Slab Stress Ng to Failure

ness (in,) ness (in.) (psi) (x 10%)
SAL With Chips

2.30 2.03 94 450
2.30 2,04 93 400
2.30 2.03 94 500
SAL Without Chips

2.12 1.98 99 650
2.07 1.93 104 450
2,11 1.97 100 500

Note: 1in, =25,4 mm and 1 psi = 6,89 kPa,

though the tensile stress at the bottom of the sys-
tem was higher for specimens containing SAL without
chips, the repetitions to cause failure were
slightly greater than for the SAL system with chips.
The data are limited in quantity, and the difference
in repetitions to cause failure was small; there-
fore, it was assumed that there was no difference in
fatigue life for the two sets of specimens. It is
suspected, on the basis of the repeated shear tests,
that the fatigue life of the two systems would be
different and favor the SAL without the chips.

RESULTS AND DISCUSSION OF CALCULATIONS

Field experlence and laboratory testing have shown
the benefits of incorporating an SAL before an over-
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lay is added to minimize reflection cracking. 1In
planning the evaluation program, it was thought de-
sirable to examine the influence of an SAL through
the use of theoretical analysis of stresses.

The following sections are concerned with the
stresses calculated for various five-layered pave-
ment systems and also for the laboratory beam tests
of vertical and horizontal shear.

Calculated Stresses in Pavements with SALs

The CHEV5L computer program was used to calculate
stresses in a five-layered pavement system. The new
pavement was assumed to consist of an old three-
layered system plus variable thicknesses of SAL and
of overlays. The load and pavement properties are
given in Table 5. This table also gives the radial
and shear stresses calculated for points on the bot-
tom of the overlays.

Figures 8 and 9 show plots indicating the influ-
ence of various thicknesses of SAL on the radial and
shear stresses at the bottom of the overlays. Both
figures show quite clearly that the thickness of the
SAL has a great effect on the radial and shear
stresses for overlays 51 or 102 mm (2 or 4 in.)
thick.

The thicker the SAL, the greater is the reduction
of the shear stress. However, as the thickness of
the SAL increases from a value of zero to 9.5 mm (O
to 3/8 in.), the radial stress beneath the center of
the load goes from compression to a tensile value of
more than 690 kPa (100 psi). This behavior points
out a detrimental effect, and it is suggested that a
limiting value of tensile stress for fatigue consid-
erations should be less than 690 kPa (100 psi). As a

TABLE 5 Radial and Shear Stresses at Bottom of Overlay for Conditions Shown (ES = 10,000 psi)

Z
3.5 in. 7.0 in, 10,5 in, 14,0 in.
l 104 psi
+ R
Asphaltic Concrete | E1 | =200,000 psi
H1 Overlay ul =0,35
X
E2 = 200,000 psi
H2 A-R SAL 2 =033
41 Old Asphaltic E3 = 200,000 psi
S0 Concrete u3 =035
5i Old Aggregate E4 = 50,000 psi
In. Base ué =050
ES = 10,000 psi
Subgrade us . 0'5’0
!
Figure 8: Z=HI, 2in.; H2, SAL (in.)  Figure 9: Z = H1, 4 in,; H2, SAL (in.)
Stress (psi) R (in,) 0 1/8 3/8 0 1/8 3/8
oR 0 -38.1 +66.1 +143 -4,73 +66.6 +102
(a) 3.5 -32.1 -7.56 +13.4 -9.62 +19.0 +38.0
1.0 -14,5 -30.6 -44.0 -8.77 -15.5 -14.8
10,5 =-5.5 -10.9 -13.9 -4,26 -11.1 ~14.0
14.0 =2.0 -5.75 -6.42 ~2.29 -6.76 -9.16
T 0 0 0 0 0 0 0
(b) 38 =32.1 -7.21 -1.94 -20.8 -5.40 =197
7.0 -10.2 ~5.31 -2,52 -12.2 -5.44 -2.54
10.5 -4.9 -3.37 =201 -6.22 -4,00 -2.25
14.0 =2.7 =-2.2 -1.47 -3.74 -2,83 ~1.78
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FIGURE 8 Calculated radial and shear stresses at bottom of
overlay in a five-layer pavement with SAL and H1 = 2 in.
(details in Table 5).

consequence, the spread rate of an SAL should not
exceed about 3.2 L per square meter (0.7 gal per
square yard) or a thickness of about 3.2 mm (1/8
in.).

The data in Table 5 and others (6) show that
neither increasing the thickness of the overlay to
102 mm (4 in.) nor decreasing E5 to 34 450 kPa
(5,000 psi) had much effect on the maximum tensile
stresses.

Calculated Stresses in the Laboratory Beam Tests

A sketch of the beam setup for the vertical and hor-
izontal shear loads is shown in Figure 10. Stresses
in the SAL and asphaltic concrete beam were calcu-
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FIGURE 9 Calculated radial and shear stresses at bottom of
overlay in a five-layer pavement with SAL and H1 =4 in.
(details in Table 5).

lated using regular beam theory and also a finite
element method (12); however, only the beam theory
data will be discussed,

The stresses under this theory were calculated
for various thicknesses of beam and of SAL. The fun-
damental assumptions and boundary conditions for the
vertical load have been contributed by DaDeppo (4).
For the horizontal loading, only the boundary condi-
tions were changed, as would be expected. Calcula-
tions were carried out for material properties:

Asphaltic concrete, E = 200,000 psi and u = 0.35
Asphalt-rubber, E = 2,000 psi and y = 0.45

Aluminum, E = 11,000,000 psi and y = 0.33

Y M y v
V] v
su 80
BEAM 15
[ - I - |_.-..-a
o] o T BEAM 27 o4 2 L3
o
=L l L L AL |

| I | |

FIGURE 10 Beam setup for testing under repeated vertical load or repeated horizontal load.
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Table 6 gives the maximum values of stresses in
the system for the vertical and horizontal 1loads,
respectively. The data in Table 6 show that the SAL
thickness of 2.80 mm (0.110 in.) was most effective
in reducing the shearing stress in the beam when
subjected to the vertical shear load. However, it is
noted that there was not a significant reduction in
tensile stress in the asphaltic beam. The shear
stress was reduced from 1.60 to 0.61 kPa (0.232 to
0.089 psi) whereas the tensile stress was reduced
from 5.59 to 5.04 kPa (0.811 to 0.731 psi) by vary-
ing the SAL thickness from 0.10 to 2.80 mm (0.004 to

0.110 in.).

TABLE 6 Calculated Maximum Value of Stresses at Interface for
Two Shear Tests on Beams with Variable SAL Thicknesses Under
a Unit Load

Vertical Shear® Horizontal Shear®

SAL thickness (in,) 0.004 0.110 0.004 0.110
Shearing stress on SAL (psi) 0.571 0.064 -0.169 -0,030
Vertical stress on SAL (psi) (-0.887) (-0.261)

0.210 0.036 0.924 0.034
Shearing stress on beam (psi) 0.571 0.089 -0.169 0.030
Tensile stress on beam (psi) 0.811 0.731 0.224 0.181°¢

85 for beam Is harizontal {Mexural + axial); o for SAL is vertical and (~) is compression,
o for beam is horizontal and (+) is tenslle; o for SAL is vertical and (+) is compressive,
CLocated vertically of the joint,

The calculated maximum stress for the horizontal
unit shear load as given in Table 6 presents the
same SAL thickness effects on the shearing and ten-
sile stresses in the asphaltic beam., However, in
this case the shearing stress was reduced by a fac-
tor of 5.6, whereas, for the vertical load, it was
2.6. The tensile stress was reduced by a factor of
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1.2 for the horizontal load and by a factor of 1.1l
for the vertical load.

Figures 11 and 12 show the variations in tensile
and shearing stresses along the bottom of the as-
phaltic concrete beam. The data in the tables and
the figures indicate that the principal beneficial
effect of the SAL was the great reduction of the
shearing stress at the bottom of the asphaltic beam.

CONCLUSIONS

The laboratory testing and computational program has
been aimed at determining differences in the per-
formance of two asphalt-rubber systems designed to
perform as a strain attenuating layer. The function
of such a layer is to minimize reflection cracking
of asphaltic concrete overlays. The composition and
application rates of the A-R system were those in
standard use by ADOT. The conclusions presented are
warranted for the materials tested and are based on
results obtained with various nonstandard tests,
which were believed to serve adequately for acquir-
ing qualitative values for comparing performance of
the SAL systems,

1. Responses to the repeated vertical shear test
at 25°C (77°F) indicated that the SAL system without
chips had the best performance and that there was a
much larger variability in the results obtained for
the SAL with chips.

2. In the static horizontal shear test at 25°C
(77°F), both Sahuaroc SALs performed better than the
AR-4000 tack in that they would seemingly transmit
less load to the overlay for openings of a sublayer
crack (assuming the effects of extension rate are
comparable to those of temperature change).

3. Responses to the repeated horizontal shear
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FIGURE 11 Calculated tensile and shear stresses in asphaltic beam 3 in. x 5 in. x
24 in. with SAL for the vertical shear load.
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FIGURE 12 Calculated tensile and shear stresses in asphaltic beam 3 in. x
5 in. x 24 in. with SAL for the horizontal shear load.

test at 25°C (77°F) showed as before that the system
of SAL without stone chips performed better than did
the one with chips.

4, There was no significant difference in resis-
tance to flexural fatigue between the SALs with and
without chips.

5. Calculations for shear and tensile stresses
at the bottom of the overlay in four different lay-
ered pavement systems showed that the shear stresses
were greatly reduced through the use of an SAL. How-
ever, the tensile stresses were increased, and it is
suggested that the thickness of the A-R SAL be lim-
ited to a thickness of 3.2 mm (1/8 in.), which cor-
responds to a maximum application rate of about 3,2
L per square meter (0.7 gal per square yard).

6. Calculations for shear and tensile stresses
at the SAL-beam interface of the laboratory shear
tests, using beam theory, showed that the SAL re-
duced the shear stress significantly but caused min-
imal change in the tensile stress when the system
was loaded under vertical or horizontal shear.

7. These findings warrant and emphasize the need
for a field installation of an SAL without the
chips. Such a trial would serve to verify the find-
ings and, if successful, would reduce the cost of an
SAL.
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Field Performance of Rubber-Modified
Asphalt Paving Materials

T. S. SHULER, R. D. PAVLOVICH, and J. A. EPPS

ABSTRACT

Six types of paving systems containing ground tire rubber are evaluated. As-
phalt-rubber seal coats and interlayers are the construction applications in
which most ground rubber has been used, and, therefore, most of the results of

this study relate to these two paving processes.

Asphalt-rubber interlayers

studied in this research do not appear to always improve performance of over-
lays compared with control sections. However, the negative performance of some
installations does not appear to be related to fundamental material properties
but to inappropriate use of some interlayers. It is believed that improved per-
formance of such systems can be demonstrated if use 1s limited to specified
modes of pavement distress. Asphalt-rubber seal coat performance also indicates

some unfavorable performance compared with control sections.

However, this

adverse performance can be related directly to a high incidence of flushing

distress.
similar to conventional seal coats.

A recommendation is given for design of asphalt-rubber seal coats
A lack of rational design procedure for

determining material quantities is cited as the primary cause of some detri-

mental asphalt-rubber seal coat performance 1in the past.

Four other rubber-

modified paving processes were investigated; however, because of the relatively
few projects involved, specific conclusions regarding these types of applica-
tions are difficult to assess. Further study is recommended as more projects of

this type are constructed.





