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SECTION I

INTRODUCTION

BACKGROUND

The idea of using a combination of asphalt and rubber in pavement con-

struction is not a recent innovation. Samuel J. Whiting was awarded a U. S.
patent in 1873 for an asphalt paving mixture containing 1 percent balata. A

German patent was issued to Charles de Caudemberg of Nice, France in 1899 for

rubberizing pavement. The earliest documented asphalt-rubber pavement con-

struction took place in Cannes, France in 1902 (Reference 1). Since these

early experiences with asphalt and rubber combinations, numerous patents have

been issued for various applications of asphalt-rubber (Reference 2).

An asphalt-rubber seal coat was developed by Charles H. McDonald while he

was Engineering Supervisor for Phoenix, Arizona (Reference 3). This product

was successful in providing a durable wearing surface for pavements with

severe alligator cracking. Further research with this process revealed that

there was promise in using the material as an interlayer to prevent the

reflection of cracks from an old pavement to a new asphalt concrete overlay
(Reference 4). The asphalt-rubber seal coat concept is commnonly referred to

as a stress-absorbing membrane (SAM) and the interlayer concept is called a

stress-absorbing membrane interlayer (SA141).

McDonald's method involved combining up to 33 percent ground, reclaimed

tire rubber in asphalt to absorb direct tensile, flexural, and shearing

stresses (Reference 4). Since McDonald developed the material in the mid-

1960s, a number of studies have been conducted on construction procedures and

* field performance (References 4 through 8) as well as laboratory evaluations

(References 3 and 9 through 20). Efforts have also been made to relate

* asphalt-rubber properties to the reduction of crack propagation in pavement

systems (References 5, 12, and 21).

Recognizing the potential benefits of asphalt-rubber mixtures in pavement

systems, the Air Force Engineering and Services Center (AFESC) decided to

initiate a technology review of the material in April 1977 (Reference 22).
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Two of the conclusions made in this study were (1) that asphalt-rubber mix-

tures seem promising in the prevention of reflection cracking, and (2) that

asphalt-rubber interlayers should be investigated in conjunction with conven-

tional asphalt concrete overlays. The AFESC decided to fund a subsequent

investigation on asphalt-rubber SAMIs. The results of this investigation are

the subject of this report.

OBJECTIVE

The objective of this study was the evaluation of asphalt-rubber mixtures

for use in the design, construction, and maintenance of airfield pavements to

prevent or retard the development of fatigue and reflective cracking in these

pavements and thereby extend their service life.

SCOPE

This research effort was intended to develop technical guidance for the

use of asphalt-rubber as a stress-absorbing membrane interlayer for airfield

pavements. The work In this project included:

1. The evaluation of asphalt-rubber component materials.

2. The development of recommended procedures for the production and

application of asphalt-rubber mixtures.

3. The development of criteria for the use of asphalt-rubber mixtures as

a SAMI for airfield pavements.

CONDUCT OF RESEARCH

This research was composed of several experiments divided into three

distinct phases. The first phase had two experiments which investigated three

combinations of rubber type and asphalt grade. The following variables were

used in the first experiment:

1. Laboratory mixing temperature

2



2. Laboratory storage period

3. Laboratory storage condition

The second experiment used the samie asphalt-rubber combinations and these
variables:

1. Laboratory mixing time

2. Laboratory mixing replication

The second phase of this study was the construction and evaluation of an

asphalt-rubber SAI4I field trial. The sane combinations of rubber type and

asphalt grade used in the first phase were used as interlayers on an airfield

parking apron. Different field mixing times were used in the construction.
Samples were taken during construction and evaluated in the laboratory at time

intervals up to 6 months. This was done to ascertain the effects of diluent

added to the field trial material..

In the third phase, laboratory-prepared materials were tested under dif-

ferent temperatures and loading rates. This was done to ascertain the appli-
cability of viscoelastic time-temperature principles. Evaluating stress-
strain characteristics of the material may eventually lead to performance

criteria which can be used in construction specifications. This portion of
the research included three asphalt grades as well as the three rubber types
used in the first two phases.

Factors which were not evaluated in this study include different grada-

tions of rubber, different crude sources of asphalt, the effects of asphalt
modifiers, and the effects of diluent in laboratory mixtures.

3



SECTION 11
MATER IALS AND TESTING

MATERIALS

The asphalts and rubbers used in this project were commuercially available

products. Three grades of asphalt and three rubber types were evaluated. A

diluent was employed in the field trial at Kirtland AFB. The interactions of
these materials are important in determining the characteristics of the final
asphalt-rubber product. Therefore the characteristics of these materials, by
themselves, are presented here.

Asphalts

Table 1 lists the properties of the asphalts which were utilized in this
study. The three grades were AC-5, AC-lO, and AC-20. The AC-5 came fom a
Wyoming crude whereas the AC-10 and AC-20 were West Texas products from the
Permian basin. The AC-l0 and the AC-5 did not meet the American Society for
Testing and Materials (ASTh) specification D 3381 for viscosity at 1407 (Ref-
erence 23). Note that the AC-5 had a higher percentage of aromatics than did
the other two asphalts. This characteristic is important because it is sus-
pected that the aromatic fraction is the most likely fraction to be absorbed
by the rubber (Reference 3). If this is true then asphalts containing low
percentages of aromatics could become embrittled when mixed with rubber.

The AC-20 asphalt was used throughout the study. It was the only asphalt
used in the investigation of laboratory variables and in the construction of
the field trial. All three asphalts were used in the temperature and time
effects studies.

Rubbers

The rubbers used in this research had very similar gradations as shown in
Table 2. However, the rubbers differed in the methods used to produce them
from reclaimed tires as well as the parts of the tires. TP044 is an ambiently
ground rubber from automobile tire treads. The whole tire carcass is used in
the production of C-104 which is also produced under ambient conditions. APC-
10 is a cryogenically produced whole tire rubber. The properties of these
rubbers are listed in Table 3.

4
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TABLE 2. GRADATION OF RUBBER PARTICLES FOR
RUBBER TYPES USED IN THIS STUDY

Sieve Size TP044 C-104 APC-10
percent passing percent passing percent passing

No. 4 100 100 100

NO. 8 100 100 100
NO. 10 100 99 100
No. 16 87 52 59
No. 20 32 29 31

No. 30 2 14 13

No. 40 1 8 7

NO. 50 0 4 3
No. 100 0 1 1
No. 200 0 0 0

TABLE 3. PROPERTIES OF RECLAIMED RUBBER USED IN THIS STUDY

Rubber Production Acetone Ash Content, Specific
Type Source Conditions Extract, % Gravity

TP044 Auto tire
tread Ambient 16.4 6.4 1.149

C-104 Whole
tire Ambient 14.6 6.9 1.154

APC-10 Whole
tire Cryogenic 19.33.114

6



TESTING

Modified Softening Point Temperature

This test is a variation of the ring and ball softening point test

described by ASTM D 36 (Reference 23). The modified softening point test

combines this procedure with an idea proposed by Krchma in 1967 (Reference
24). The specimen geometry for this test is a 1-inch by 3/8-inch cylinder of

asphalt-rubber with steel balls fixed at both ends.

The testing medim used for the modified softening point test is an ethy-

lene glycol bath. The sample is held vertically in the bath by attaching one
of the balls to a magnet and allowing the other end of the sample to be freely

suspended. The bath temperature is raised at a constant rate until the test

is completed. The temperature in the bath is recorded at the time the speci-

men extends 1 inch. This is referred to as the modified softening point tem-

perature. The method and apparatus are described in detail in Appendix A.

This test is relatively simple and requires no large investment in equip-

ment. Initial experimentation in this study revealed that asphalt-rubber

would tear and the ball would fall through the material in the standard ring
and ball configuration. In the modified test, the bottom ball remains

attached to the material throughout the test.

Constant Pressure (Schweyer) Viscosity

The Schweyer rheometer is a constant stress viscometer as discussed in

References 25 and 26. The device has been used primarily to characterize

asphalt cements. However, Jimenez found the Schweyer rheometer useful for
measuring the flow properties of asphalt-rubber (Reference 13). Certain modi-
fications had to be made so that the size of the rubber particles did not

influence the measurement of viscosity for the whole asphalt-rubber system.
Many of these modifications were included in this study. These modifications

are discussed in detail in Appendix A.

7
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Data obtained from the Schweyer rheometer can be used to determine a

unique relationship between shear stress and shear rate at a given test tem-

perature. This relationship is

T - c  (1)

where

T shear stress

a - statistical regression coefficient

a shear rate

c - statistical regression coefficient

A c-value of 1 indicates that the material is a Newtonian fluid. Materials of

pseudoplastic nature have a c-value of less than 1. A dilatent material would

have a c-value greater than 1. The constant "a" represents a complex viscos-

ity corresponding to a shear rate of 1.0 s-1.

The apparent viscosity is determined by taking the derivative of

Equation (1):

n a = dL = aC- (2)
dy

or

na = ab (3)

where

na - apparent viscosity

b -c -1

The derivative represents the slope between the origin of a T versus y plot

and any other point on the function T versus y. It is analogous to a secant

modulus.

Equation (3) is used to calculate the apparent viscosity at a given shear

rate. If T is measured in pascals (Pa) and f in s- 1, then "a" has units of

Pa • s, "b" and "c* are dimensionless, and na has units of Pa * s. One Pa - s

represents a viscosity value and corresponds to 10 poises.

8



Comparison of Schweyer viscosity can be made between different materials

using a technique which evaluates the viscosity at a constant power of 100

W/m3 . This is accomplished by determining the shear rate at which Equa-

tion (1) intersects the following equation:

T - - 100 Pa - s-1 = 100 W/m3  (4)

Solving for T in terms of I from Equation 4 with subsequent substitution into

Equation (1) yields a value of 1 at which Equations (1) and (4) intersect.

The viscosity at a constant.power of 100 W/m3 is computed thusly:

c-1
100 =C)

no 0  a .a (5)

For the materials used in this study viscosities at 0.05 s-1 shear rate

and constant power of 100 W/m3 are reported as well as c-values.

Force-Ductility

This test uses a modified ASTh D 113 device (Reference 23) to measure

tensile properties. A force transducer is inserted in the ductility train in

much the same way as described by Anderson and Wiley (Reference 27). In this

studythree load cells were fixed to one end of a standard ductility testing

machine. Early work by Pavlovich et al. (Reference 28) showed promise for

this test in asphalt-rubber research. The apparatus used in this study was

based on Pavlovich's work and was further modified.

2The standard ductility mold is modified so that a 0.16-n. cross section

is maintained throughout the sample length. Sample deformation Is measured by

placing gage marks at the ends of the sample length and measuring the dis-

placement at specified intervals during the test. Load cells monitor the

force throughout the test. A strip chart recorder produced a load-deformation

curve. Appendix A gives a detailed description of this test.

Values reported here include maximum true stress, true strain at maximum,

true stress, compliance, and work. True stress was calculated according to

the following formula:

9
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where
a' true stress

P a load2

A0  - original cross-sectional area =0.16 in.

AL - change in length as measured on the time axis of the load-

elongation curve
L - initial gage length

C1  - constant to account for actual sample deformation

The equation for true strain was

e'-In1 + r- (CO)I

where

e= true strain

The relationship between stress and strain was expressed as the compliance.
Compliance changes during the test. Therefore compliance was calculated for
the relatively flat portion of the load-deformation curve. The equation for

compliance was

where D(t) =compliance at any point in time.

Work was computed by calculating the area under the load-elongation curve.

This is sometimes called toughness and it is the total energy required to
fracture the test specimen.

10



SECTION III

LABORATORY INVESTIGATION OF VARIABLES

Initially,two laboratory experiments were performed in this project.

They were designated as Matrix I and Matrix II. Both were full-factorial

designed experiments. The variables in Matrix I included

1. Rubber type--3 levels

2. Mixing temperature--3 levels

3. Laboratory storage time--3 levels

4. Laboratory storage condition--3 levels

The mixing time, asphalt grade, rubber gradation, asphalt source, and asphalt-

to-rubber ratio were held constant in Matrix I.

Matrix II had the following variables:

1. Rubber type-3 levels

2. Mixing time--3 levels

3. Batch repetition--2 levels

In this experiment the asphalt grade, rubber gradation, asphalt source, and

asphalt-to-rubber ratio were held constant as in Matrix I. However, the mix-

ing temperature was also held constant in Matrix I.

As stated in Section II, the dependent variables were the modified

softening-point test, Schweyer viscosity, and force-ductility. In Matrix I

and Matrix II the Schweyer viscosity was measured at 60*F only, and the force-

ductility was run at 39.2F only. Time and temperature effects are discussed

in Section V.

MATRIX I

Variables

The first experiment investigated both laboratory and production varia-

bles. The production variables were the rubber types, described in Section

II, and mixing temperatures of 325, 375", and 425F. The laboratory

11m
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variables were storage periods (1, 8, and 28 days) and storage conditions

(frozen and ambient). The mixing time in this experiment was held constant

at 1 hour.

The purpose in choosing these independent variables was to investigate

their influences upon asphalt-rubber properties. The production variables

were chosen so that a range of available reclaimed rubbers was tested along

with a range of possible mixing temperatures. The laboratory variables repre-

sent conditions which might influence testing results.

Results

The data were analyzed by conventional multiple analysis of variance, the

Duncan multiple-range test, and student tests when appropriate. The results

of Matrix I are found in Tables B-i and B-2, in Appendix B.

The modified softening point results showed significant differences in

the rubber types and mixing temperatures at an alpha level of 0.05. However,

no significant differences were detected due to the storage periods or storage

conditions 4t the sane alpha level. Figure 1 illustrates how the modified

softening point temperatures of the mixtures changed with the mixing tempera-

tures. All three rubbers seemed to achieve a peak softening point temperature

at the 375"F mixing temperature. The TP044 mixture showed the greatest change

with mixing temperature from the lowest softening point temperature of 139"F

at the 325"F mixing temperature to 150OF at the 375"F mixing temperature.

Figure 2 shows that viscosity at a constant 100 W/m3 and 60"F demon-

strates the same trend as the modified softening point with respect to mixing

temperatures. A peak value appears for the 375"F mixing temperature. Viscos-

ity values ranged from about 1.5 x 109 to 1.7 x 109 poises at the 325" mixing

temperature. At the 375"F mixing temperature, viscosity at constant power

ranged from about 1.95 x 109 to about 2.15 x 109 poises. The mixture contain-

ing cryogenically produced rubber had the highest viscosities at all the mix-

ing temperatures.

The APC-10 mixture also had the highest viscosities at 0.05 s-I shear

12
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Figure 2. Effect of Mixing Temperature on Viscosity at 100 W/m' and 60•F.
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rate at all the mixing temperatures as shown in Figure 3. Only the C-104

mixtures showed a peak value in this viscosity measurement. All the mixtures

decreased in viscosity at 0.05 s-I at the 425"F mixing temperature. Viscosity

values ranged from approximately 1.0 x 108 poises for the TP044, 425°F mixture

to about 1.9 x 108 poises for the APC-1O, 325° and 375°F mixtures.

Storage condition showed no effects upon viscosity values up to 28 days.

Storage period showed significant effects upon viscosity values at the 28-day

level. These effects are suspected to be due to test variability rather than

the storage period.

Figure 4 shows the effect of mixing temperatures on the maximum true

stress of the asphalt-rubber mixtures at 39.2"F. The TP044 mixtures main-
tained the highest maximum stress values at all three mixing temperatures.

The values converge at the 375°F mixing temperature and diverge at the 425°F

mixing temperature. Figure 5 shows that the true strain at maximum true

stress increases with increasing mixing temperature. Mixtures made with APC-

10 consistently had the lowest strains while the TP044 mixtures consistently

had the highest strains. These strain values ranged from 0.93 in./in. for

APC-10 at the 325°F mixing temperature to 1.49 in./in. for TP044 at the 425°F

mixing temperature.

Compliance increased with mixing temperatures as shown in Figure 6. The

APC-10 mixture consistently exhibited the lowest compliance values, ranging

from 39 x 10-4 psi - I at the 325F mixing temperature to 60 x 10-4 psi at the

425"F mixing temperature. The TP044 and C-104 mixtures were relatively close

In compliance at all the mixing temperatures. These two mixtures had values

ranging from approximately 48 x 10-4 psi - ' at the 325"F mixing temperature

to 72 x 10-4 psi- I at the 425"F mixing temperature.

The data presented show that asphalt-rubber mixtures are very sensitive

to the temperatures at which they are prepared.

Storage condition and storage period showed minimal effects upon the test

results for Matrix I.
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MATRIX II

Variables

In the second laboratory experiment two production variables and one

laboratory variable were investigated. The production variables included mix-

ing time (0.5, 1.0, and 4.0 hours) and rubber type as discussed in Section II.

The laboratory variable of interest was the batch-to-batch replication. All

the mixtures in this experiment were prepared at 375F.

By choosing the three mixing times it was hoped that it would be possible

to determine the effects of holding the material in a field distributor truck

over a range of times. The laboratory batch-to-batch replication was of

interest because the repeatability of the mixing procedure was unknown.

Results

As with the previous experiment,the data were anlayzed through the use of

statistical methods. Tables B-3 and B-4 in Appendix B summarize the results

of Matrix II.

Figure 7 illustrates the effect of mixing time on the modified softening

point values for the various asphalt-rubber blends. The TP044 and APC-10

blends both exhibited a substantial initial increase in softening point tem-

peratures while the C-104 mixture showed a slight decrease between the 0.5-

hour and 1.0-hour mixing tires. The differences in the softening point values

decreased after 4 hours of mixing to between 151"F for C-104 and 154"F for

TP044. Table B-4 shows the maximum standard deviation for one replication as

6.9gF and the minimum as 0.80F.

The values of viscosity at 100 W/m3 after 4 hours of mixing at 375"F, as

shown in Figure 8, are in the range 2.4 x 109 to 3.55 x 109 poises. All the

values fell between 2 x 109 and 4 x 109 poises. No clear trends were observed

for the three rubber types as were seen for the various mixing temperatures in

Matrix I. Figure 9 shows how viscosity at the 0.05 s-1 shear rate changed

with the mixing time. Again, there are no clear trends. However, the APC-10

mixture consistently had a higher viscosity than the other two mixtures.
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S4 x 101 - 0 APC-10

V

mE.

3 x 109
4J

00

0 1.0 2.0 3.0 4.0

Mixing time, hours

Figure 8. Effect of Mixing Time on Viscosity at 100 WIr3 and 600 F.
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Figure 9. Effect of Mixing Time on Viscosity at 0.05 s-I Shear Rate
and 60*F.

23



- 3r~-.r r r

The maximum true stress values shown in Figure 10 show no obvious trends

with respect to mixing times. As with the softening point temperature, the

maximum true stress value for APC-1O shows a great initial increase from 179

psi at the 0.5-hour mixing time to 220 psi at the 1-hour mixing time. The

values of true strain at maximum true stress are shown in Figure 11. The

effects of mixing time are more obvious here. For all three rubber types the

strain values were greater at the 4-hour mixing time than at the 0.5-hour

mixing time. The TP044 mixtures consistently had the highest true strains at

maximum true stress, ranging from 1.22 in./in. at the 1-hour mixing time to

1.38 in./in. at the 4-hour mixing time. The APC-10 mixtures had the lowest

true strain values from 0.81 in./in. at the 0.5-hour mixing time to

1.13 in./in. at the 4-hour mixing time.

The graph of compliance versus mixing time (Figure 12) clearly shows that

compliance increases with mixing time for all three rubber types. As might be

expected from the strain data, the APC-10 mixtures consistently had the lowest

compliance values and the TP044 mixtures consistently had the highest compli-

ance values. The APC-10 mixtures increased in compliance from 40 x 10
-4 psi-I

at the 0.5-hour mixing time to 49 x 10-4 psi- 1 at the 4-hour mixing time.

Compliance values for the C-104 mixtures increased from 52 to 57 x 10-4 psi- 1 .

Values for the TP044 mixtures ranged from 54 x 10-4 psi - I at the 0.5-hour mix-

ing time to 68 x 10-4 psi- I at the 4-hour mixing time.

The batch-to-batch replications showed significant differences at the

0.05 alpha level for the values of work, maximum true stress, and true strain

at maximum true stress. However, no significant differences between batch

replications were detected for modified softening point values, viscosity at

0.05 s- 1 shear rate, viscosity at 100 W/m3 , or the values of compliance. This

would indicate that the viscosity measurements were less sensitive to the

batch replication than were the tensile measurements.
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SECTION IV
FIELD TRIAL

An asphalt-rubber SAI4I field trial was constructed at Kirtland Air Force

Base, New Mexico in November 1981. Variables which had been investigated in
laboratory mixtures were applied to mixtures used in the field trial. These
variables were three mixing times and three rubber types.

The field trial was constructed on Apron A. This airfield feature is

1900 feet long and 170 feet wide. The location of Apron A relative to other

airfield features is shown in Figure 13.

PRECONSTRUCT ION

Pavement Survey

When ideas were initially being considered for a pavement survey, it was
thought that crack mapping would be the best method to keep track of ref lec-
tive cracking. However, given the extent of the project and the frequency of
the cracks, it was concluded that mapping would be extremely difficult. It
was further decided that low-level aerial photography with high-resolution
film would be the simplest and least expensive method to try. This technique

worked well for the longer and wider cracks, but many smaller cracks in the

pavement did not show up.

The magnitude of the crack-mapping problem may be deduced from a typical
~'1 ground level photograph, Figure 14. It has since been decided that a better

method of monitoring crack reflection is to wait for cracks to appear in the
overlay. When the cracks appear, the frequency and locations are noted to
determine if there is a correlation between the asphalt-rubber mixtures and
cracking.

The types of cracking evident in the old pavement included block, longi-

tudinal, and alligator. The pavement was in an advanced state of deteriora-

tion and a definite candidate for major rehabilitation.

Layout

Nine different asphalt-rubber mixtures were to be evaluated on two types

of surface preparation. The rubber types used in the field trial were the
same as those used throughout the research programi as described in Section 11.
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,' Figure 14. Apron A, Facing South at Station 11+00.

The designation for APC-10 was changed to CPR-10P for the field trial. The

AC-20 used in the field trial came from the same source as the AC-20 used in

the laboratory experiments. The three mixing times used in the field trials

were 15, 60, and 160 minutes.

The two types of surface preparation consisted of a slurry seal placed

directly on the aged pavemnent and heater scarification of the old pavement.
On one of the control sections the old pavement was completely removed and a

new 3-inch pavement was placed on the existing cement-treated base.

Figure 15 shows the layout of the field trial. The typical asphalt-rub-

ber test section was 150 by 170 feet. In each test section only the western

20 feet were covered with the slurry seal prior to the aspalt-rubber applica-

tion. The physical layout was accomplished by a survey crew. The sections

were delineated by rubber type and mixing time.
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Figure 15. Layout of Apron A Test Sections.
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CONSTRUCTION

Surface Preparation

4 The removal of pavement in the control section was accomplished by a

tractor pulling a milling device which broke the pavement into approximately
minus 1-inch size material. After milling, the material was windrowed and a

front-end loader was used to place the material in dump trucks for disposal.
This process was continued until the pavement had been removed to the level of

the cement-treated base.

The heater scarification treatment of the old pavement was performed in

both the control section and the test sections. In this process, tandem pave-

ment heaters applied flames directly to the apron surface. Fuel was provided
by propane tanks mounted in front of the heating units. A lot of smoke gener-

ated in the heating process was thought to be caused, to a large extent, by an
old slurry seal on the apron. This slurry seal meant that there was an excess

of asphalt on the pavement surface, closest to the heat. It was decided that
the best way to approach this problem was to reduce the heat and move the

heater units at a slower rate.

The heating process was followed by a 0.75-inch penetration of the scari-

fier teeth. Next, a paving screed was used to level the material which was
followed by a pneumatic roller used for compaction. The benefits of heater

scarification prior to the membrane application have been mentioned by Way

(Reference 8) and Pickett and Lytton (Reference 29). Way suggests that this

process rearranges the old asphalt concrete-crack pattern. This shortens the

crack length and significantly reduces reflection cracking. Pickett states
that energy required for crack propagation is sufficiently dissipated by the

time the crack has emerged through a thin overlay of approximately the same

thickness as heater scarification so that the membrane should prevent any

further growth.

The slurry seal was applied to a 20-foot strip at the western edge of the

apron. This was done mainly to accomodate concrete tiedowns in this part of

the pavement as heater scarification would have been impractical. The slurry
seal successfully filled the cracks while providing a thin overlay prior to

the application of the asphalt-rubber membrane.
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SA4I Placement

The laydown of the asphalt-rubber stress-absorbing membrane interlayer

took place on 23 and 24 November 1981. Near ideal weather conditions pre-

vailed during the asphalt-rubber application. The mean ambient temperature

during construction hours was 68OF. The wind velocity was 8 miles per hour

from the north and the relative humidity was 10 percent. All 15- and 60-min-

ute mixtures were placed on November 23. All 160-minute mixtures were

installed on November 24.

The equipment used in the construction of the membrane included

" three asphalt-rubber distributor trucks

" one asphalt-rubber mixer

• one kerosene tanker

" one chip spreader

" three dump trucks

" one steel-wheeled roller

* two pneumatic rollers

" one pavement sweeper

Materials incorporated in the SAMI test sections included

• three rubbers: TP044 (9840 pounds)
C-104 (8300 pounds)
CPR-1OP (cryogenic) (9700 pounds)

- one asphalt cement: AC-20 from Chevron Oil Company,

Albuquerque (86,176 pounds)

0 kerosene diluent (500 gallons)

- pea gravel (0.25 inches) (> 400 tons)

Sahuaro Asphalt and Petroleum Company of Phoenix, Arizona was the subcon-

tractor hired to place the asphalt-rubber membrane. The mixing procedure used

in the field trial was as follows:

1. The asphalt cement was heated to 420*F in a holding tank mounted

on an asphalt-rubber mixer.
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2. The rubber was poured into the mixer and the time was recorded
at this point. The heated asphalt was slowly added to the rubber as the rub-
ber was poured into the mixer. The time and mixture temperature were recorded
after the final bag of rubber was added.

3. The asphalt and rubber were agitated in the mixer drumi for about
15 minutes. This is considered to be approximately half the time required to
combine the ingredients. The viscosity was measured using a hand-held rota-
tional viscometer and was recorded with the temperature.

4. The asphalt-rubber was pumped into a spreader truck. The truck
temperature, sample temperature, and viscosity were recorded at 15-minute

intervals after this point.

5. The kerosene diluent was added to the mixture when the viscosity

reached 8000 to 9000 centlpoises. Usually 3 to 6 percent diluent is needed to
achieve a spreadable consistency of 6500 centipoises or less. The countdown

for the field trial mix times was begun at the beginning of the diluent
addition.

The distributor trucks placing the asphalt-rubber traveled in the lateral

direction across the apron. Figure 16 shows a distributor truck in

operation.

A member of the paving crew rode on the rear of the truck to ensure that

the spray bar did not become clogged. The chip-spreading operation immnedi-
ately followed the distributor truck. The chip spreader was immediately fol-
lowed by the steel wheel and pneumatic rollers, respectively, as shown in
Figure 17. The chips were preheated but not precoated. The preheating and
rolling combined to give good chip retention in the membrane. Next, a sweeper
was used to remove excess aggregate from the SANI surface. The completed SAII
is shown in Figure 18.

Overlay

Due to inclement weather and holidays, the construction of the asphalt
concrete overlay was delayed for several days after the membrane application.
The thickness of the overlay was to be 3 inches, which is not considered to be
a thin overlay. Therefore it was expected that reflective cracking might take

longer to appear than it would if the overlay had been thinner.
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40

Figure 18. Finished Asphalt-Rubber Membrane.

ASPHALT-RUBBER PROPERTIES

Asphalt-rubber samples were taken from the distributor trucks immediately

before the addition of diluent and after the appropriate mixing time before

laydown. The samples containing no diluent were designated as control sam-

ples. All samples were transported to the laboratory for immediate testing.

The tests performed on these materials were the modified softening point,

constant pressure viscosity, and force-ductility. The samples were poured in

thin layers of approximately 0.25 inches and allowed to cure under ambient

conditions. Testing was conducted at 2-, 8-, and 26-week periods. The data

for these materials are located in Tables B-5 through B-12 in Appendix B.

Modified Softening Point

Figures 19 through 21 show that in all the mixtures the modified soft-

ening point temperature increased over the 26-week testing period. The most

dramatic increase was for the CPR-1OP, 2.7-hour mixture which increased from

80F to 120F. For all the rubbers the order of softening point temperature

at 26 weeks from highest to lowest was the control sample followed by the
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1-hour, 0.25-hour, and 2.7-hour mixtures,respectively. No differences were

evident in the values for the rubber types except that the 2.7-hour mixing

time may have had a greater initial impact upon the TP044 and CPR-1OP mixtures

than the C-104 mixture. Note that the control samples all increased in modi-

fied softening point temperature, even in the absence of diluent. This may

indicate a continuing reaction between the asphalt and rubber.

The softening point results presented in this study do not match the

results from the laboratory study. In the laboratory it was observed that

mixtures manufactured with TP044 had higher softening point temperatures than

C-104 or the cryogenic rubber. No indication of this was observed in the

field-mixed material.

It was also noted in the laboratory study that there was no difference

between softening point temperatures for the 1-hour and 4-hour mixing times

and that the 0.5-hour mixing time produced the lowest softening point. In

this study the 2.7-hour mixtures had the lowest softening point, in general,

and the 1-hour mixtures consistently had the highest softening point of the

materials placed in the field trial. In the laboratory study the lowest

softening point temperature of all the mixtures was 142°F for the 0.5-hour

cryogenic rubber mixture. Of the material used in the test sections, the

lowest softening point value was 80F for the 2.7-hour cryogenic rubber at

construction.

These differences may be attributed to the differences in preparation of

laboratory and field mixtures. In the laboratory, asphalt-rubber was manufac-

tured under very controlled conditions at 375°F. Mixing temperatures in the

field ranged from 310°F to 340°F. The asphalt in the field was preheated to

425F, whereas asphalt in the laboratory was preheated to the 375"F mixing

temperature. No diluent was added to the laboratory mixtures. The materials
placed in the field trial had between 2 and 5 percent diluent added to them.

The Arizona Department of Transportation (ADOT) used a ring-and-ball

apparatus to measure softening point (Reference 17). ADOT also concluded that
for mixtures containing diluent, the softening point increased with cure time.

Softening point as determined by the ring-and-ball method seems to result in

higher temperatures than the modified method.
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Compliance

The value of compliance versus cure time is shown in Figures 22 through

24. The compliance of the test section mixtures generally decreased with

time. Note, however, that the values for the control mixtures remain rela-

tively constant. The TP044 and C-104 mixtures produced very distinct compli-

ance-time curves. However, at the end of 26 weeks the CPR-1OP control 1

hour and 0.25-hour mixtures had converging compliance values. The order of

increasing compliance according to mixing time for all the rubber types was

the control 1-hour, 0.25-hour, and 2.7-hour mixtures. This might be expected

from a review of the softening point data. There are no obvious trends

according to the rubber types used in the mixtures.

These data show agreement with those presented in a study by ADOT (Refer-

ence 17). The conclusions from that study indicated that as cure time

increased, the compliance decreased. Another parallel conclusion is that up

to 168 hours of accelerated curing or 26 weeks of ambient curing there is

little effect upon mixtures containing no diluent. In another study conducted

by ADOT (Reference 18) it was shown that increased reaction time increased the

compliance, as was also seen in this study.

Figure 25 reveals a correlation between the compliance and modified soft-

ening point values. The equation for the linear regression is

log D(t) - 2.3135 - (0.0326) SP (9)

where

D(t) - compliance, psi -1

SP - modified softening point temperature, *F

The correlation coefficient between compliance and softening point was 0.93.

Therefore the value of the softening point could potentially be used to esti-

mate asphalt-rubber compliance.

Viscosity

All the mixtures, including the control mixtures, increased in viscosity

with increasing cure time. This is shown in Figures 26 through 28. The
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order of increasing viscosity of the mixtures is generally the 2.7-hour, 0.25-

hour, 1-hour, and control mixtures for all the rubber types. The greatest

P effects of mixing times on viscosity are for 2.7-hour mixtures containing

TP044 and CPR-1OP. The 2.7-hour mixing time did not have as dramatic an

effect on the C-104 mixture. At the end of 26 weeks the 2.7-hour, C-104 mix-

ture had the same viscosity as the 0.25-hour mixture of the same rubber type.

Figure 29 shows the relationship between viscosity at 0.05 s- 1 and the

modified softening point temperature for the materials used in the field

trial. For these data the regression equation is

log no. 0 5 = 3.6911 + (0.0330) SP (10)

where

no.os = viscosity at 0.05 s-1 shear rate and 60"F

SP = modified softening point temperature, *F

The correlation coefficient was 0.93,which shows that there isa good rela-

tionship between the two parameters. Therefore it is possible that the soft-

ening point temperature may be a valuable tool in predicting the viscosity of

asphalt-rubber mixtures.

Comparisons of Laboratory and Field Mixtures

Table 4 presents a comparison of the properties of the 1 -hour labora-

tory mixtures in Matrix III and properties of the 1 -hour field mixtures.

Initially all the field mixtures had softening point values of about 80 per-

cent of the laboratory mixtures. After curinq 26 weeks the field mixtures had

softening point values of between 85 and 91 percent of the laboratory mix-

tures. The compliance of the field mixtures initially had values of between

290 and 709 percent of their laboratory counterparts. These percentages

decreased to between 200 and 233 percent after 26 weeks. The viscosities of

the field mixtures at the time of construction ranged between 2 and 15 percent

of the laboratory mixtures' viscosities. This increased to 36 percent for the

TP044 mixtures, 14 percent for the C-104 mixture, and only 9 percent for the

APC-10 mixture.
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CRACK SURVEY

Crack surveys of the field trial were made once every 6 months from the

time of construction. The initial survey showed that no cracking had occur-

red. One year after construction, 20 cracks were found in the pavement. The

majority of these were located in the control section which had been com-

pletely rebuilt.

The results of the last survey in June 1983 are tabulated in Table 5.

Figure 30 shows where these cracks are located on the field trial. Note

that, within the test sections, most of the cracks are located in the sections

which had 2.7-hour mixing times. However, it cannot be concluded that these

are necessarily reflective cracks. This pavement is in excellent condition.

The cracks shown in the completely rebuilt control section may be

attributed to heavy fuel truck traffic from a nearby fuel depot.
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TABLE 5. APRON A CRACK SURVEY, JUNE 1983

Distance from
East Edge of Length,

Crack No. Station No. Pavement, ft Typea ft Severityb Remarks

1 1+57 38.58 T 1.33 L

2 1+58 38.58 T 1.33 L

3 1+58 38.58 L 1.25 L

4 2+88 76.5 L 4.0 L

5 4+10 39.10 T 1.0 L

6 4+26 14.0 L 0.5 L Joint

7 4+26 14.5 L 0.92 L

8 4+26 34.92 L 14.17 L

9 5+11 37.0 L 0.92 L

10 5+25 36.0 L 10.58 L

11 5+31 20.0 L 10.17 L

12 5+34 9.25 T 0.66 L

13 5+34 14.5 L 2.66 L

14 5+34 15.33 L 1.83 L

15 5+38 26.83 L 1.58 L

16 5+80 68.0 L 3.08 L

17 6+15 65.66 L 2.0 L

18 6+15 73.0 L 1.0 L

19 7+31 40.08 L 6.5 L

20 9+21 106.5 L 4.66 L

21 10+71 4.25 L 2.5 L

22 10+71 35.0 L 5.25 L

23 10+71 93.5 T 2.33 L

24 10+71 93.33 L 1.25 L

25 10+88 93.33 L 3.0 L

26 12+05 89.0 L 0.5 L

27 12+49 105.0 L 0.66 L

aCrack Type: L - Longitudinal

T - Transverse

bSeverity: L - Low

R - Medium
H - High
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TABLE 5. APRON A CRACK SURVEY, JUNE 1983 (CONCLUDED)

Distance from
East Edge of Length,

Crack No. Station No. Pavement, ft Typea ft Severityb Remarks

28 12+74 95.0 L 1.17 L

29 13+12 6.0 L 3.17 L

30 14+76 89.5 L 2.66 L

31 14+78 89.5 L 0.83 L

32 15+54 92.5 L 7.17 L

33 15+91 92.5 L 4.33 L

34 16+09 26.0 L 8.08 L Joint

35 16+32 114.5 T 3.0 L

36 16+37 9 33 L 0.05 L

37 16+37 10.5 L 0.58 L

aCrack Type: L - Longitudinal

T -Transverse

bSeverity: L - Low
M - Medi um
H- High
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SECTION V
TIME -TEMPERATURE STUDY

The properties of asphalt-rubber are time- and temperature-dependent, as

they are for asphalt cement. Therefore it was important to investigate the

behavior of asphalt-rubber mixtures at various temperatures and rates of
deformation. Two experiments were established to accomplish these ends. In

Matrix III the mixtures were tested at 30%. 55%. and 807 for constant pres-
sure viscosity and force-ductility properties. Only the force-ductility test
was used to characterize the sample rate-dependency of the asphalt-rubber
mixtures in Matrix IV. These sample rates were 0.08, 0.32, and 1.61 in/min.

In these experiments all the mixtures were prepared at a mixing tempera-

ture of 3757 for a period of 1 hour. The reclaimed rubbers were TP044,
C-104, and APC-10 as described in Section II. Three different grades of
asphalt cement were used in this part of the project. These were AC-5, AC-lO,
and AC-20. The properties of these asphalts may be found in Table 1, Section

II. The asphalt-to-rubber ratios were 75 to 25.

MATRIX III

This experiment was performed to establish the temperature dependency of

the asphalt-rubber mixtures for viscosity and force-ductility. The.data from
this part of the research program are found in Tables B-13 and B-14,

Appendix B.

Figure 31 shows constant power viscosity versus test temperature for all

the mixtures. Notice that the asphalt grade exerted a greater influence on

viscosity than did the rubber type. For AC-5 mixtures viscosity values ranged
from about 9 x 107 poises at 80"F to approximately 5 x 1010 poises at 30*F.

This range was from 1.6 x 108 poises at 807F to 7.6 x 108 poises at 307F for
AC-10 mixtures. AC-20 mixtures went from a low viscosity of 2.5 x 108 poises

at 807F to about 1.2 x 1011 poises at 307F. Traxler (Reference 30) observed
that as the temperature of the viscosity measurement is raised the non-

Newtonian characteristics of asphalts decrease. A brief review of the values
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Figure 31. Viscosity at 100 W/m3 versus Test Temperature.
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of the complex flow parameters in Table B-13, Appendix B, for the asphalt-
rubber mixtures follows this trend in all except two cases (C-104, AC-5, and
APC-l0, AC-5). However, the standard deviations in both of these cases were
high relative to the values of the other mixtures.

Figures C-1 through C-9, Appendix C, show the stress-strain diagrams

developed for all the materials used in this study at 30%. 55%. and B0*F. All

force-ductility tests in Matrix III were run at a sample deformation rate of
0.32 in/min. In all cases, as might be expected, as the test temperature
increased the values of true stress decreased. Note that the values of strain

at maximum stress do not follow a consistent trend with respect to the test
temperatures. In fact, most of the values of strain at maximum stress fall

within a fairly narrow range for a given mixture. The largest difference of
40 percent for this value occurred with the APC-10, AC-S mixture. From Table
B-13, Appendix B, note that this material had the largest strain standard
deviation at 800F.

Compliance for all the mixtures decreased with decreasing test tempera-

ture as can be seen in Table B-13. This means that the materials became stif-
fer at lower temperatures, which is expected. This is illustrated in
Figure 32 through 34. Mixtures made with AC-20 consistently had the lowest

4 - compliance values and those made with AC-5 always had the greatest values. It

appears that the APC-10 mixtures were more dependent upon the asphalt grade
than the other two rubber types from the range of values shown in Figure 34.
The TP044 mixtures (Figure 32) seem to be the least dependent upon asphalt
grade. It can also be seen in Table B-13 that the work energy necessary to
fracture the samples increased with decreasing test temperatures.

MATRIX IV

As mentioned earlier, the sample deformation rates of the force-ductility

tests were varied in this experiment. This was done to ascertain the rate-
dependency of the asphalt-rubber mixtures. These tests were performed at a
temperature of 39.2*F. The data from this experiment are found in

Table B-i5.
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Figures C-10 through C-18 in Appendix C show the stress-strain curves of

the materials at different deformation rates. The stress increased with

increasing deformation rates for all the mixtures. Again, as with the temper-

ature experiment, the level of strain at maximum stress showed no consistent

trend with respect to deformation rates. The amount of variation in strain at

maximum stress between deformation rates for a given mixture was small com-

pared to Matrix III. Compliance of the mixtures decreased with increasing

deformation rates as shown in Figures 35 through 37 and work energy to frac-

ture the samples increased with increasing deformation rates. These manifes-

tations of stiffening may be expected since, for viscoelastic materials, mate-

rials will exhibit more elasticity at faster rates of loading. In Figure 35

it may be noted that the AC-5, TP044 mixture stiffened more at the 0.32 and

1.61 in/min rates than did the mixture made with AC-lO. This was not true in

mixtures made with the other rubber types. The only explanation offered for

this, outside of experimental error, is that the TP044 mixtures again showed

the least dependence upon asphalt grade.

ANALYSES

A multiple linear regression was performed on the stress-strain data of

Matrix III and Matrix IV from the nine mixtures used in this study. This was

done as an attempt to describe the tensile behavior of the mixtures over the

range of temperatures and deformation rates. The model for this regression

was:

log a = bo + b(log e) + b2 0) + b3 (T) (11)

where

a" = true stress, psi

e'*= true strain, in/in

S = sample deformation rate, in/min
T - temperature, "F

bo , bl , b2 , b3 = regression coefficients

Table 6 presents the results of these analyses. The correlation coefficients,

R, were 0.97 or 0.98 for all the mixtures. This means that for given condi-

tions of sample deformation rate and temperature there was an increase in

stress for an increase in strain. The coefficients of variation (CV) ranged

from 5.17 to 13.80 percent.
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TABLE 6. REGRESSION ANALYSES FOR TIME-TEMPERATURE
TENSILE EXPERIMENTSa

Regression Coefficients
Rubber Asphalt
Type Grade b0  b, b2  b3  R CV

AC-5 3.1264 0.8186 0.2554 -0.0303 0.98 7.34

TP044 AC-10 3.2173 0.7388 0.2110 -0.0303 0.97 8.32

AC-20 3.1816 0.7114 0.1844 -0.0268 0.97 7.00

AC-5 3.3614 0.7266 0.3000 -0.0393 0.98 10.66

C-104 AC-10 3.1966 0.5922 0.2419 -0.0312 0.98 7.49

AC-20 3.3628 0.6082 0.2007 -0.0320 0.97 8.39

AC-5 3.4488 0.5334 0.2773 -0.0390 0.97 13.80

APC-10 AC-10 3.3786 0.5303 0.2370 -0.0341 0.98 9.59

AC-20 3.2130 0.5767 0.2080 -0.0268 0.98 5.17

aModel: log a' - b0 + bl(log e') +.b2 (6) + b3(T)

This is a rough attempt to explain the tensile behavior of asphalt-rubber

mixtures. The reader will recall that the level of strain at maximum stress

was fairly independent of the loading condition for a given mixture of

asphalt-rubber. Thus it seems that a logical approach to evaluating the use-

fulness of this material in a pavement system would be to use a strain-

limiting criterion. The material deformation rate might be approximated by

computing the rate of contraction of underlying slabs on either side of a

crack. The minimum temperature at depth in the pavement may be calculated

using Witczak's Equation (Reference 31) at the lowest mean monthly air

temperature.

It was beyond the scope of this project to define the mechanisms of

reflection cracking in pavement systems. However, an attempt has been made to

explain the tensile behavior of asphalt-rubber. It is recommended that the
relationships presented here be tried in the evaluation of asphalt-rubbers as

Interlayers. The authors further believe that the work energy to fracture the

material should also be accounted for in the evaluation.
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SECTION VI

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The following conclusions are made based upon the laboratory study of

variables:

1. Laboratory storage conditions (ambient or frozen) up to a 28-day
period had no impact on the properties of laboratory-mixed asphalt-rubber

formulas.

2. Laboratory storage period had a significant effect upon viscosity
data as well as strain and work values. It is not certain if this was due to
storage period or laboratory error.

3. The value of true strain at maximum true stress increased with
increasing mixing temperature.

4. Compliance of the asphalt-rubber mixtures increased with increasing
mixing temperature.

S. Modified softening point temperatures achieved "peak" values at the
375"F mixing temperature for all the rubber types.

6. Viscosities at a constant power of 100 W/m3 also achieved "peak"
values at the 3757 mixing temperature.

7. True strain at maximum-true stress increased with increasing mixing
time.

8. Compliance increased with increasing mixing time.

9. Different laboratory batches produced varying results of work,

stress, and strain for the sane asphalt-rubber mixtures.

10. Mixtures made with cryogenic rubber exhibited the highest viscosi-
ties and lowest compliance values of the three rubbers tested in this study.
Furthermore, cryogenic rubber mixtures had the lowest values of strain at
maximum stress.

Conclusions based upon the results of the field trial are as follows:

1. The field trial was successfully constructed and sufficiently docu-
mented for future monitoring.
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2. The field trial materials had a diluent added to them which changed

their properties considerably from the laboratory mixtures they were intended
to duplicate.

3. With respect to mixing times, the field trial materials had compli-

ance values which changed from high at the 0.25-hour mixing time to lower at
the 1-hour mixing time to the highest at the 2.7-hour mixing time. The

inverse of this was true for work, softening point, and viscosity values.

4. As curing time increased over 26 weeks, compliance values decreased,
and softening point and viscosity values increased.

5. Correlations were established between compliance and softening point,

and viscosity and softening point. These relationships had high coefficients
of correlation.

6. A crack survey made 18 months after construction revealed the initia-

tion of cracking in the field trial. Cracks occurring in one of the control
sections are probably due to the passing of heavy fuel trucks. It is not

certain whether cracks in the test sections are reflective.

The time-temperature study yielded the following conclusions:

1. As the test temperature increased the viscosity of the mixtures

decreased and the compliance increased. The level of stress decreased as did
the value of work energy with increasing test temperature. The level of

strain at maximum stress was independent of the test temperature.

2. Viscosities of the asphalt-rubber mixtures at different test tempera-

tures were mostly dependent upon the asphalt grades.

3. Mixtures made with the ambient-ground, tire-tread rubber were least

dependent upon asphalt grade.

4. Compliance decreased with increasing sample deformation rates. The

level of stress and work energy increased with increasing deformation rates.
The level of strain at maximumn stress for a given asphalt-rubber mixture was
independent of the sample deformation rates.

5. Multiple linear regression of the stress-strain diagrams at different
deformation rates and temperatures produced equations to predict stress at a
given level of strain. These equations had excellent correlation coefficients

and fair to good coefficients of variation.
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RECOMMENDATIONS

1. Specifications have been developed based upon experience gained in

this project as well as input from experts at Western Technologies, Inc.,

Sahuaro Asphalt and Petroleum Company, and International Surfacing, Inc.

These guide specifications are in Appendix A.

2. The specifications in Appendix A are recipe-type guidelines. They

are recommended only for the interim until end-product specifications can be

developed. Asphalt-rubber producers are continually changing and improving

their products. Nonjudicious use of the guide specifications may unnecessar-

Ily "lock" the technology.

3. The use of diluent in field mixtures should be avoided when it is

possible to obtain the proper spraying viscosity without the diluent.

4. Future research efforts in asphalt-rubber should concentrate on the

development of end-product specifications. The best way to accomplish this

would be to test mixture properties at asphalt-rubber construction projects.

5. Further work should be done in developing correlations between elabo-

rate laboratory test methods and simpler test methods that can be implemented

in field construction.

6. A method for evaluating asphalt-rubber tensile behavior has been

suggested. This method needs to be refined for application in design proce-

dures. Work energy to fracture the material should also be incorporated into

pavement design.

7. More research needs to be conducted on the mechanisms of reflection

cracking in pavement overlays to quantify the stresses and strains occurring

at interlayers.
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APPENDIX A

LABORATORY PROCEDURES FOR MIXING AND TESTING
ASPHALT-RUBBER MIXTURES

This appendix describes the methods used to prepare and test asphalt-

rubber mixtures for the laboratory portions of this study.

LABORATORY MIXING PROCEDURES

Apparatus

1. Mixing vessel--2000-ml, squat vessel with a body diameter of 5.5

inches, outer flange diameter of 8.6 inches, and an overall height of 7.1

inches. The vessel was made of heat-resistant glass and had a four-neck,

ground seal cover.

2. Heating mantle--a 440-watt, 115-volt heater capable of completely

surrounding the mixing vessel. It was a temperature probe-controlled unit

with an asbestos lining.

3. Mixing vessel stand--a drill press stand for 0.5-inch electric drills

anchored to the table top.

4. Stirrer--a stainless steel rod 10.5 inches long by 0.25 inches in

diameter having a paddle 2.5 inches long by 2.5 inches in diameter.

5. Stirring motor--a constant speed, variable torque, direct-drive elec-

trical motor.

6. Speed/Torque controller--to maintain a constant speed in the stirring

motor while monitoring torque.

The mixing appartus is shown in Figure A-i.

Procedure

1. Nine hundred grams of cold asphalt were weighed into the mixing

vessel.

2. The mixing vessel was placed in the heating mantle and the asphalt

was heated to the desired mixing temperature. The asphalt was stirred
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occasionally by hand until it was sufficiently fluid to pour. The stirring

motor, with the stirrer, was started and the speed was adjusted to 500 rpm.

3. When the asphalt attained the desired mixinq temperature, 300 grams

of rubber were added.

4. The mixture was allowed to stabilize to the desired temperature and

mixed for the desired mixing time. The mixing speed and temperature were
checked and, if necessary, adjusted every 10 minutes.

5. The mixing vessel was removed from the heating mantle after the spec-

ified time and the mixture was transferred to 8-ounce cosmetic tins.

TESTING

Modified Softening Point Test

Apparatus

1. Mold--a two-piece brass mold conforming to the dimension shown in

Figure A-2.

2. Balls--steel balls 0.375 inches in diameter, each weighing 3.50 -

0.05 grams.

3. Bath--a 1000-ml low-form Griffin beaker of heat-resistant glass.

4. Glass tube--a piece of 9-mm glass tubing approximately 6 inches

long.

5. Wooden dowel--a wooden dowel rod approximately 6 inches long and 0.25

inches in diameter.

6. Rubber bulb--squeeze bulb having 1- to 2-ounce capacity with a 0.25-

inch opening.

7. Sample holder--an assembly conforming to the materials and dimensions

shown in Figure A-3.

8. Thermometer--a thermometer conforming to the Thermometer 113F or

113"C as specified in ASTM El.

Reagents and Materials
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Figure A-3. Modified Softening Point Testing Apparatus.
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1. Bath liquid--ethylene glycol with a boiling point between 383*F and

387*F.

CAUTION: Ethylene glycol is toxic when taken internally or when
inhaled as a vapor. Conduct the test in a hood or other well-ventilated
location. Avoid prolonged or repeated contacts with skin and inhalation
of vapors.

Sample Preparation

1. The sample was stirred constantly during heating to prevent local
overheating until it was sufficiently fluid to pour. Heating was limited to
less than 3257 and 60 minutes.

2. The assembled mold was lined with one thickness of nonstick paper.

3. The squeeze bulb was placed over one end of the glass tube and the
tube was gently heated over a flame.

NOTE: Steps C.4 through C.6 were completed in less than 60 seconds
to keep the asphalt-rubber in a workable state.

4. The glass tube was inserted into the sample and a sufficient amount
of asphalt-rubber was withdrawn to fill the mold.

5. A heated ball was placed into the mold. The squeeze bulb was removed
from the end of the sample-filled tube. The sample was forced into.the mold
with the wooden dowel.

6. The other heated ball was placed on top of the molded sample. The
top plate was placed on the assembly and the nuts were tightened.

7. The sample was allowed to cool for 5 minutes in the mold. Then the

4 mold was disassembled and the sample removed. The nonstick paper surrounding
the sample was taped and the sample was placed in the freezer for 30 minutes.
The excess material around the balls was trimmed with a razor blade and the
nonstick paper was removed from the sample.

8. The sample was placed in a 32"F ethylene glycol bath.

9. Not more than 240 minutes elapsed between the time of pouring the
sample and the completion of the test.
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Procedure

1. The fluid-filled apparatus was assembled in the laboratory hood with

the sample suspended vertically from the magnets. The hood exhaust fan was

operating during the entire test.

2. The bath was heated from below so that the temperature rose at a

uniform rate of 9 ± 1.0F per minute after the first 3 minutes.

3. The temperature was recorded at the instant the bottom ball, attached

to the sample, touched the bottom plate.

Constant Pressure (Schweyer) Viscosity

References 25 and 26 describe the components and operation of the

Schweyer Rheometer in detail. A summary of the modifications necessary for

performing this test on asphalt rubber are presented here. These modifica-

tions are largely the results of work done by Jimenez (Reference 13).

Figure A-4 is a schematic of the Schweyer Rheometer as it was used in

this study. Essentially, nitrogen gas is forced upon a piston which drives

the plunger to push the sample through the tube. A pressure gage mounted on

the front of the rheometer measures the gas pressure, and the displacement of

the plunger is measured by means of a linear variable differential transducer

(LVDT). The shear stress was calculated by the following equation:

F
Z (A-i)

wD L
4 ss

where

S- shear stress

F = force of the piston
0 -diameter of the tube

5
L u length of the tube

The equation for shear rate was
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Figure A-4. Schweyer Rheometer Schematic.
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8Vs1=- (A- 2)
D

s

where
= shear rate

Vs = velocity of the plunger
D = diameter of the tube

The sample preparation closely followed the procedure outlined in Refer-

ence 13. However, in this study aluminum plugs were not used at the bottom of

the tube and silicon grease was not applied to the plunger. The length of the

sample was measured from the bottom of the tube. The diameter of the tubes

used in this study was 0.375 inches.

Force Ductility

Apparatus

1. Mold--a brass mold of the same dimensions as shown in Figure A-5.

The ends, A and A', are referred to as the clips.

2. Water bath--The water bath was maintained at the desired test temper-

ature. The volume of water in the bath was approximately 2.5 gallons and the

specimens were immersed to a depth of approximately 2.5 inches.

3. Testing machine--The tension device was oriented horizontally and

capable of moving at speeds of 0.25, 1.0, and 5.0 cm/min. Load cells were
mounted in the direction of the tension, in line with the samples. The load

cells had a 25-pound capacity.

4. Chart recorder--The strip chart recorder had a time-based and a load-

base axis.

Sample Preparation

1. The samples were stirred constantly during heating to prevent local

overheating until they were sufficiently fluid to pour.
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2. The mold in Figure A-4 was assembled on a brass plate. The plate and
model sides, B and B', were thoroughly coated with a mixture of glycerin and

talc.

3. Care was taken in filling the mold not to disarrange the parts. It
was necessary to tamp the material into the mold with a toothpick to ensure
that there were no voids in the sample. The mold was slightly overfilled.

4. The sample was cooled at room temperature for a period of 30 to 40
minutes and then placed in a freezer for about 5 minutes.

5. The excess asphalt-rubber was then cut off with a hot spatula to make
the mold just level full.

Testing Procedure

1. The brass plate with three molded samples was placed in the bath for

a period of 30 minutes. The samples were then removed from the brass plate
and the side pieces were detached from the samples.

2. One clip was attached to the machine crosshead and the other to a
hook on the load cell. The chart recorder was turned on and the clips were
pulled apart at the desired rate until the sample ruptured.
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APPENDIX C

STRESS-STRAIN DIAGRAMS FOR ALL
MATERIALS USED IN THIS STUDY
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Figure C-i. Stress-Strain Curves for TP044, AC-5 at Different
Temperatures and a Deformation Rate of 0.32 in/min.
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Figure C-2. Stress-Strain Curves for TP044, AC-1O at Different

Temperatures and a Deformation Rate of 0.32 in/min.
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Figure C-5. Stress-Strain Curves for C-104, AC-10 at Different
Temperatures and a Deformation Rate of 0.32 in/min.
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Fiqure C-9. Stress-Strain Curves for APC-10. AC-20 at Different
Temperatures and a Deformation Rate of 0.32 in/min.
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Figure C-i. Stress-Strain Curves for TP044, AC-5 at Different

Deformation Rates and 39.26 F.
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Figure C-11. Stress-Strain Curves for TP044, AC-10 at Different
Deformation Rates and 39.2'F.
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Figure C-12. Stress-Strain Curves for TP044, AC-20 at Different
Deformation Rates and 39.20F.
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Figure C-15. Stress-Strain Curves for C-104, AC-20 at Different
Deformation Rates and 39.2*F.
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Figure C-16, Stress-Strain Curves for APC-IO, AC-5 at Different
Deformation Rates and 39,2°F.
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Figure C-17. Stress-Strain Curves for APC-IO, AC-10 at Different
Deformation Rates and 39.20F.
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Figure C-18. Stress-Strain Curves for APC-10, AC-20 at Different
Deformation Rates and 39.2*F.
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APPENDIX D

CONTRACT GUIDE SPECIFICATIONS

ASPHALT-RUBBER

STRESS ABSORBING MEMBRANE INTERLAYER (SAMI)
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AIR FORCE ENGINEERING AND SERVICES CENTER

CONTRACT GUIDE SPECIFICATIONS

ASPHALT-RUBBER

STRESS ABSORBING MEMBRANE INTERLAYER (SAMI)

FOR USE IN OVERLAYS OF FLEXIBLE AND RIGID PAVEMENTS

1.0 Applicable Publications

2.0 Submittals

3.0 Materials

4.0 Equipment

5.0 Construction

6.0 Tests and Field Inspections

7.0 Pay Items

Attachment A--Modified Softening Point Test

Attachment B--Notes to Design Engineer
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ASPHALT-RUBBER

STRESS ABSORBING MEMBRANE IJTERLAYER (SANI)
(See Notes to Design ~ngineer)

1.0 APPLICABLE PUBLICATIONS. The following American Society for Testing and

Materials (ASTM) publications form a part of this specification:

Eli - 70 Specification for wire-cloth sieves for testing purposes

086 - 78 Distillation of petroleum products

C88 - 76 Test for soundness of aggregates by use of sodium sulfate or
magnesium sulfate

C131 - 76 Resistance to abrasion of small-size coarse aggregate by use of
the Los Angeles machine

D946 - 74 Specification for penetration-graded asphalt cement for use in
pavement construction

D5 - 73 Cone Penetrometer Test

D1139 - 79 Specification for crushed stone, crushed slag, and gravel for
single or multiple bituinous surface treatments

D3381 - 76 Specification for viscosity-graded asphalt cement for use in
pavement construction

02007 - 75 Characteristic groups in rubber extender and processing oils
by the Clay-Gel Adsorption Chromatographic Method

2.0 SUBMITTALS

2.1 Materials. The contractor shall furnish the following for the

Contracting Officer's approval not later than 7 calendar days before membrane
placement. It is imperative that the materials represented in the submittals

be the sane as those used in design and construction.

2.1.1 Asphalt manufacturer and asphalt source for mixture.

2.1.2 Asphalt grade for mixture.

2.1.3 Rubber source for mixture.

2.1.4 Design mixture including rubber content expressed as percent

of total asphalt and rubber weights.

2.1.5 Asphalt, rubber, and (specify crack sealant if applicable).

2.1.6 Cover aggregate source, sample, gradation, and properties.

2.1.7 Blotter sand source, sample, and gradation.
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2.1.8 Letter from diluent manufacturer certifying compliance with

diluent requirements.

2.1.9 Letter from rubber manufacturer certifying compliance with

rubber requirements.

2.1.10 Asphalt modifier sample or a letter from testing laboratory

certifying that asphalt complies with requirements of paragraph 3.1.

2.2 Equipment. The contractor shall furnish a complete description of

equipment planned for the membrane construction to the Contracting Officer for

approval not later than 30 calendar days prior to commencing any work.

2.3 Quality Control Plan. The contractor shall provide a quality con-

trol plan including field personnel and procedures as well as the labora-

tory or laboratories which will design the mixture and conduct field and

laboratory control tests. The plan shall be furnished to the Contracting

Officer for approval not later than 30 calendar days prior to commencing any

field work.

2.4 Contractor Experience. The contractor shall provide evidence of

successful SAMI installation on at least one previous project not later than

30 calendar days prior to commencing any field work.

2.5 Delivery Tickets. Documentation showing net weight of all material

placed during construction of the asphalt-rubber membrane shall be provided

daily to the Contracting Officer's Representative.

3.0 MATERIALS

3.1 Asphalt. The asphalt shall be (specify appropriate viscosity or

penetration) graded acording to (show applicable specification). When chem-

ical compositional analyses of the asphalt in accordance with ASTM 02007

reveal less than 20 percent aromatics, by weight of the asphalt, a modifier

complying with paragraph 3.3 shall be added. The addition of this modifier

shall not relieve the contractor of meeting the viscosity requirements for the

asphalt.

3.2 Tack coat. (See Notes to Design Engineer.)
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3.3 Asphalt Modifier. Is required if asphalt cement does not comply

with aromatics content requirements of paragraph 3.1. The modifier shall have

the following properties:

Flash, COC, *F (*C) 390 (199)

Aniline Point, MIXED *F (OC) 75-110 (24-43.5)

Saturates (ASTM D2007), Weight, % 20

Aromatics (ASTM D2007), Weight, % 50

3.4 Rubber. The rubber shall be granulated, reclaimed passenger (see

notes to Design Engineer about type and grade) tire rubber. Not less than 80

percent by weight of rubber shall be vulcanized.

3.4.1 Gradation. Rubber shall meet the following gradations:

Sieve Size Percent Passing

No 8 100

No 30 0-15

No 50 0-5

3.4.2 Contaminants. Rubber shall contain less than 1 percent by

4weight of loose fabric, wire, or other contaminants, except up to 4 percent by

weight calcium carbonate or talc may be added to prevent rubber particles from

sticking together. Moisture shall not exceed 1 percent by weight of the

rubber.

3.5 Crack Sealant. (See Notes to Design Engineer.)

3.6 Diluent. The diluent, if used, shall have a minimum initial boiling

point of 350"F and end point of 525"F when tested IAW ASTM 086.

V 3.7 Cover Aggregate. Shall be a washed, crushed aggregate that meets

ASTM D1139, Size No. 8.

3.7.1 Aggregate gradation requirement:

Sieve Size Percent Passing

1/2 inch 100

3/8 inch 85-100

No 4 10-30
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No 8 0-10
No 16 0-5
No 200 0-1

3.7.2 Aggregate soundness. The maximum soundness loss when tested

IAW ASTM C88 shall be 12 percent.

3.7.3 Abrasion resistance when tested IAW ASTM C131 shall be 40

percent or less of wear.

3.7.4 Fractured faces,. Crushing shall be regulated so that not
less than 60 percent by weight of aggregate retained on the No. 4 sieve shall

have not less than two fractured faces.

3.8 Blotter Material. Shall be a fine aggregate (sand) conforming to

the following gradation requirements:

Sieve Size Percent Passing

3/8 inch 100
No 4 80-100

No 16 45-80

No 50 10-30
No 100 2-10

4.0 EQUIPMENT. The following equipment items are not intended to be all-
inclusive, merely a description of the major equipment required to install the
membrane. The contractor shall provide all equipment required to install the

SANI membrane. The Contracting Officer shall require the contractor to
replace any equipment producing an unsatisfactory membrane.

4.1 Asphalt-Rubber Equipment

4.1.1 Asphalt heating tank shall utilize a uniform indirect heat-

ing system to transfer heat to the asphalt cement. A thermostatic heat con-
trol device with continuous recording graph shall monitor temperatures to
assure optimum blending conditions.
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4.1.2 Blender shall mechanically blend the asphalt and rubber and

agitate continually until transferred to the distributor. Both asphalt total-

izing meter and flow rate meter shall be provided. Batch weight percentages

of all components shall be utilized and recorded at the blender. One copy of

all batch weight documentation shall be given to the Contracting Officer's

representative daily.

4.1.3 Distributor shall be self-powered and equipped with an
indirect heating system capable of maintaining specified temperatures, agita-

tor capable of maintaining a homogeneous asphalt-rubber mixture, pumps capable

of spraying asphalt-rubber with a control variation of +0.05 gallon per square
yard of the specified rate, and a fully circulating spray bar capable of
applying asphalt-rubber uniformly. Sampling ports shall be located in a

recirculating line to permit withdrawal of representative samples for quality

control. Volume measuring devices, pressure gages, thermometer, tachometer,
and spray bar nozzles shall all be in excellent working order at all times.
The nozzles shall be under continuous surveillance and readily accessible for
unplugging when in use.

4.2 Cover Aggregate Spreader shall be a self-propelled machine equipped
with pneumatic tires and an aggregate receiving hopper in the rear. The mate-
rial flow shall be carried by conveyors to a full-width distribution auger and

spreader capable of spreading aggregate at a uniform rate.

4.3 Rollers to embed the aggregate shall be self-propelled and pneu-

matic-tired. Tire pressures shall be 100 ± 5 psi. Each tire shall carry a
minimum of 4000 pounds. Maximum operating speed of the roller shall be 8
mi/h.

4.4 Power Broom shall be self-propelled and rotary type for pavement

cleaning and removal of all loose aggregate from the surface of the membrane

interlayer just prior to the placement of the asphalt concrete overlay.

4.5 Trucks for aggregate hauling shall be tailgate-discharge type and
equipped with a device to lock onto the rear of the aggregate spreader.
Trucks and aggreagate spreader shall be compatible so that smooth transfer of

material and uniform forward movement of the spreader occurs.
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S. 5.0 CONSTRUCTION. The contractor shall be responsible for providing all
labor, materials, tools, equipment, and quality control necessary to prepare
the existing pavement surface and to construct the asphalt-rubber stress-

absorbing membrane interlayer.

5.1 Preparation of the Existing Pavement Surface. (See Notes to Design

Engineer.)

5.2 Tack Coat. (See Notes to Design Engineer.)

* 5.3 Mixing. The asphalt and rubber shall be combined and mixed in a

blender unit and reacted in a distributor for a period of time to be deter-
mined by laboratory testing by the supplier. In no case shall the criteria of

paragraph 5.3.4 be exceeded.

5.3.1 'Proportion of the rubber shall be 23 ± 4 weight percent of

total mixture comprised of asphalt cement, asphalt modifier (if used), and
granulated rubber.

5.3.2 Asphalt temperature at time of rubber addition shall not
exceed 4257 nor fall below 3757.

5.3.3 Mix times

5.3.3.1 Rubber addition to the hot asphalt shall be accom-

plished in not more than one 30-minute time span.

5.3.3.2 Temperature stabilization period. The mixture shall

9. attain a stable temperature between 3257 and 3407 within 60 minutes follow-
ing initiation of rubber addition, and the temperature shall not be allowed to

deviate from this range after stabilization.

5.3.3.3 Asphalt-Rubber reaction period of not less than 60
nor more than 90 minutes following initial rubber addition shall be allowed

for the asphalt-rubber mixture to react before adding any diluent or distribu-
tion the mixture. Laboratory testing shall be used to further define the

6 ~ reaction period.
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5.3.3.4 Application of the mixture shall be completed within

2 hours following initial rubber-addition.

5.3.4. Diluent not in excess of 7.5 percent by volume of the hot

asphalt-rubber mixture may be used to adjust the viscosity for more uniform

coverage. Diluent shall not be added to the mixture until after the asphalt-

rubber action has occurred.

of th hot5.3.4.1 Additional diluent not exceeding 3 percent by volume
of he otasphalt-rubber mixture may be added after reheating a mixture which

has been cooled by job delay. Reheating shall occur slowly and temperature of

the mixture shall not exceed 325*F.

5.3.4.2 Caution. The temperature of the asphalt-rubber

shall not exceed 340F at time of diluent addition. The contractor is
reminded that the flash point of the diluent is probably below the normal

operating temperatures used in this process and that the contractor shall
observe proper precautions f9r protection of life and property.

5.4 Application of Asphalt-Rubber Material

5.4.1 Restrictions. Placement of asphalt-rubber material shall be
made only under the following conditions:

5.4.1.1 Temperature. The ambient temperature is not less the

657 and rising.

5.4.1.2 Precipitation is not expected within the period of

application and the pavement surface is clean and absolutely dry.

5.4.1.3 Wind velocity is low enough to prelude blowing of the

spray bar fans.
5.4.1.4 Equipment is all in position and ready to conmmence

placement.

5.4.1.5 Contracting Officer's Representative is present and

has authorized commnencement.
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5.4.2 Application rate shall be a nominal 0.55 gallons per square
yard (based on 7.5 pounds per hot gallon).

5.4.2.1 The contractor shall determine the surface demand and
submit resulting application rate for the Contracting Officer's approval.
Contract payment shall be decreased or increased in accordance with the actual
quantity of mixture used and the contractor's unit price for the mixture.

5.4.2.2 If visual appraisal of application reveals lean or fat
areas, these shall be remedied by application of additional asphalt-rubber or

of sand blotter at the unit price contracted. See paragraph 5.5.4 for place-
ment of blotter material.

5.4.3 Joints. All longitudinal joints shall be overlapped a mini-
mum of 4 inches. Transverse joints shall be constructed by placing building
paper across and over, the end of the previous asphalt-rubber application and
starting the extension on the paper. When the distributor has cleared the
paper, the latter shall be immediately removed.

5.5 Cover Aggregate

5.5.1 Rate of application of aggregate shall be a nominal 35 pounds
per square yard. The contractor shall change this rate only if visual inspec-
tion indicates the need or if tracking of the binder occurs and, in either
case, approval has been obtained from the Contracting Officer's
Representative.

5.5.2 Aggregate Spreader shall follow the distributor as closely as
practicable and never lag more than 150 feet.

5.5.3 Joints. Aggregate shall only be applied to the asphalt-rub-
ber in the area of the longitudinal joint lap after the second, overlapping
application of asphalt-rubber. This is to prevent a double layer of aggregate
and subsequent thinning of the overlay.

'4 5.5.4 Rolling. Sufficient, but in no case less than three, pneu-
matic-tired rollers shall be employed to:

5.5.4.1 Follow immnediately behind the spreader.
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5.5.4.2 Complete one pass, full width within 90 seconds after

spreading.

5.5.4.3 Complete four passes, full width within 1 hour after

-asphalt-rubber application.

5.5.5 Removal of loose material with the rotary power broom shall

follow the rollers. The initial sweeping shall be a light brooming at the end

-' of the placement day. Heavier brooming, sufficient to remove all loose cover

aggregate, shall commence no earlier than the day following membrane place-

ment. The heavy brooming shall be delayed if dislodgment of aggregate occurs.

Prior to placement of the overlay, a final sweeping shall be accomplished to

remove any vestiges of loose material. Sweepings shall be disposed by the

contractor as specified in the special provisions of this contract.

5.5.6 Blotter material shall be applied immediately after the ini-

tial pass of the rollers if bleeding or pickup of aggregate by construction
traffic is occurring. Application rate of 5 pounds per square yard shall be

adjusted by trial and placed only in areas indicating need by the

aforementioned.

5.6 Traffic on Membrane shall not be permitted within 3 hours following

final rolling to allow time for set. Thereafter only light construction traf-

fic shall be allowed until overlay placement. This light traffic shall not

exceed 15 mi/h velocity.

5.7 Overlay. Placement of the asphalt concrete overlay shall be delayed

not less than 48 hours following final rolling to allow sufficient time for

adequate setting of the membrane.

6.0 TESTS AND FIELD INSPECTIONS. The criteria specified in this paragraph

are offered as a guide for SAMI construction. (See Notes to Design

Engineer.)

6.1 The modified softening point temperature of the asphalt-rubber mix-

ture when tested IAW Attachment A will be a minimum of 11OF.

6.2 The penetration of the asphalt-rubber mixture when tested IAW ASTM

D-1191 (Cone Penetrometer) at 77F, 150 g, 5 s, will be a minimum of 70.
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7.0 PAY ITEMS

7.1 4The Contract Price shall be lup sun and equal the total square
yards of SAMI surface times the unit price per square yard.

7.2 Adjustments. If job conditions and Contracting Officer mandate a

change from the nominal quantities specified herein, the contract amount shall

be decreased or increased according to the following:

7.2.1 The asphalt-rubber shall be measured and paid for by ton of

mixture in place and includes all material used in the mixture.

7.2.2 The cover aggregate shall be measured and paid for by ton of

* cover aggregate in place.

7.2.3 The blotter material shall be measured and paid for by ton of

blotter sand in place.
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ATTACHMENT A
ASPHALT-RUBBER (SAI4I) SPECIFICATION

MODIFIED SOFTENING POINT TEST

1.0 SCOPE. This method covers the determination of the softening point of
asphalt-rubber materials using a modified apparatus in an ethylene glycol
bath.

2.0 SUMMARY OF METHOD. A cylindrical sample of asphalt-rubber is molded
between two steel balls of specified weight and diameter. One of the steel

balls is attached to a magnet in an ethylene glycol bath so that the sample is
vertical. The bath is heated at a uniform prescribed rate and the softening
point taken as the temperature at which the bottom ball, attached to the
sample, falls a distance of 1 inch.

3.0 SIGNIFICANCE

3.1 The ring-and-ball softening point temperature is a useful method in

classifying bitumilnous materials. However, for asphalt-rubber it has been

noted that there is a tendency for the ball to fall through the material prior
to the end of the test. Therefore the modified softening point test was
developed to improve the repeatability of the test.

3.2 The modified softening point is a useful means of defining asphalt-

rubber flow properties.

4.0 APPARATUS

4.1 Mold. A two-piece brass mold conforming to the dimension shown in

Figure D-1.

t 4.2 Balls. Steel balls 3/8 inch in diameter each weighing 3.50±
0.05 grams.

4.3 Bath. A 1000 ml low-form Griffin beaker of heat resistant glass or

its equivalent.

4.4 Glass Tube. A 9 -m glass tubing approximately 6 inches long.
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All dimensions are in inches.

0.493-
0.469-

Top plate F

Spacer 0.127
(2 ech)

S.3.N-2A x1/2 inch

socket head cap screw

1.160

Locatr pin3.243

0.620

2.000

Figure D-1. Modified Softening Point Sample Mold.
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4.5 Wooden Dowel. Approximately 6 inches long and having a diameter of

1/4 inch.

4.6 Rubber Bulb. One- to two-ounce capacity with a 1/4 inch opening.

4.7 Sample Holder. An assembly conforming to the materials and dimen-

sions shown in Figure D-2.

4.8 Thermometer. Conforming to the Thermometer 13F or 113C as speci-
fied in ASTM El.

5.0 REAGENTS AND MATERIALS

5.1 Bath Liquid. Ethylene glycol with a boiling point between 383*F and

3870 F.

CAUTION: Ethylene glycol is toxic when taken internally or when inhaled
as a vapor. Conduct the test in a hood or other well-ventilated loca-
tion. Avoid prolonged or repeated contacts with skin and inhalation of
vapors.

6.0 PREPARATION OF SAMPLE

6.1 Heat the sample with care, stirring constantly to prevent local

overheating, until the sample has become sufficiently fluid to pour. In no
case should the temperature be raised to more than 3257. Do not heat for

more than 60 minutes.

6.2 Line the assembled mold with one thickness of nonstick paper.

6.3 Place the squeeze bulb over one end of the glass tube and gently

heat the glass tube over a flame.

NOTE: Steps 6.3 through 6.6 must be completed in less than 60 seconds to

keep the asphalt-rubber in a workable state.

6.4 Insert the glass tube into the sample and withdraw a sufficient
amount of asphalt-rubber to fill the mold.

6.5 Place a heated ball into the mold. Remove the squeeze bulb from the

end of the glass rod and force the sample into the tube with the wooden
dowel.
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All dimensions are in inches.

4.625

4.500

2.0 1/4 x 5 1/4-inch
2.00bolt

Rubber 37oet

Spacers

Low-form beaker 1.176 (min)

4.125

Figure D-2. Modified Softening Point Testing Apparatus.
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6.6 Place the other heated ball on top of the molded sample and place

the top plate on the mold assembly, tightening the nuts.

6.7 Allow the sample to cool for 5 minutes in the mold. Disassemble the
45 mold and remove the sample. Tape and freeze the sample for 30 minutes. Trim

excess material around the balls with a razor blade and remove the nonstick

paper.

6.8 Place the sample in a 407 ethylene glycol bath.

6.9 Repeat steps 6.1 through 6.8 for the second sample. Not more than

240 minutes should elapse between the time of pouring the first specimen and
the completion of the test.

7.0 PROCEDURE

7.1 In the laboratory hood, assemble the fluid-filled apparatus with the
samples suspended vertically from the magnets. Make sure that the hood

exhaust fan is on and operating properly to remove toxic ethylene glycol
vapors.

7.2 Heat the 4ath from below so that the temperature rises at a uniform
rate of 9 1 1.0*F per minute. Avoid drafts, using shields if necessary.

7.3 Do not average the rate of temperature rise over the test period.
Reject any determination in which the rate of temperature rise does not fall
within the specified limits after the first 3 minutes.

7.4 Record, for each sample, the temperature shown, by the thermometer at

the instant the bottom ball, attached to the sample, touches the bottom plate.
Make no corrections for the emergent stem of the thermometer. -If the differ-

5- ence between values in the duplicate determination exceeds 57, repeat the

test.

8.0 REPORT. Report (to the nearest 1.O*F) the mean of the temperature
recorded in the duplicate determination to be the modified softening point.
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9.0 PRECISION. Duplicate modified softening points by the same operator

should be considered suspect if they differ by more than 10F. This is based
upon 95 percent probability.
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ATTACHMENT B

ASPHALT-RUBBER
(SAMI)

NOTES TO DESIGN ENGINEER

GENERAL

Stress absorbing membrane interlayers are intended to retard reflection

cracking in asphalt concrete overlays placed on rigid and flexible pavements.

Stress due to thermal expansion and contraction in pavements increases with

increasing crack spacing and increased thermal cycling. Therefore the more

severe the climate the smaller the acceptable crack spacing. These parameters

are not sufficiently defined at the present time to quantify them. However,

the engineer should be aware that If this amount of thermal cycling and crack

spacing is great enough, interlayer systems may be of marginal value.

This specification is for one type of asphalt-rubber product using vul-

canized, ground tire rubber. Another asphalt-rubber product is available

using devulcanized tire rubber. Another specification should be used if the

devulcanized asphalt-rubber product is to be used in construction.

Some Air Force pavement engineers have noted shoving problems in areas of

high turning. It is believed that these problems were due to application of

excess aggregate on the SAMI in these areas.

3.2 Tack Coat

A tack coat of asphalt emulsion or asphalt cement is required on pavement

surfaces which have had only crack filling, heater scarification, or cold

milling. This paragraph should read:

!Tack coat shall be grade (specify appropriate emulsion or asphalt)
which shall comply with the requirements of (show applicable
specifications).

In cases where heater scarification is used, a rejuvenator may be speci-

fled In lieu of the tack coat. Include the applicable specification in para-

graph 1.0.

3.4 Rubber
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Until standard specifications for sampling and testing granulated rubber
have been established, the Contracting Officer should accept a certificate of

compliance from the rubber supplier stating that the rubber to be used meets

the criteria listed in the specifications.

3.5 Crack Sealant

A crack sealant should be used in cases where a thin overlay or crack

filling treatment is to precede the SAMI application. Do not use crack seal-

ants with heater scarification or heater planing treatments.

The engineer should refer to Air Force Manual 88-6, Chapter 7, to select

the appropriate crack sealant. This paragraph should read:

The crack sealant shall comply with Federal specification (specify
appropriate specification--SS-5-1401, -1614 or -200d).

5.1 Preparation

SA!41 applications may be placed on a variety of pavement surface treat-

ments. The most effective treatments are those which remove the membrane from

direct contact with existing pavement cracks by approximately 0.75 inches.

These treatments include heater scarification, heater planing, and thin over-

lays. These methods will reduce the energy in crack tips before they reach
the membrane, thus ensuring a better chance of success. Patching and crack

filling of the existing pavement should precede the thin overlay treatment.

It may be more economical to patch potholes, fill cracks, and apply a

tack coat on the existing surface prior to SAMI construction. The economy of
this would depend upon the level of surface deterioration.

For Portland cement concrete pavements the cracks and joints should be

cleaned and sealed. Potholes should be filled with compacted asphalt con-

crete. It is strongly recommnended that a thin asphalt concrete overlay be

placed on the existing pavement before the SAZtfl application.

Thorough sweeping of the prepared surface should be accomplished immnedi-

ately prior to SAMI construction on any treatments which do not involve tack

coats. The engineer should refer to the appropriate guide specifications for

any of the surface treatments mentioned in this section.
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5.2 Tack Coat

The design engineer may omit this requirement if a thin overlay is to be

utilized prior to the SAMI application. If a tack coat is to be used in the

construction, this paragraph should read:

A tack coat shall be applied with materials designated in paragraph
3.2 after thorough sweeping of the surface. Close control of application
shall be required to achieve a residual asphalt rate of 0.03 to 0.05 gal-

4 lons per square yard. Diluted materials shall be applied at a rate
adjusted to achieve this coverage.

5.3.4.2 Caution

1k This paragraph is added to emphasize that precautions should be taken by

the Contractor, as in working with a potentially explosive jet fuel, to guard

against possible fire or explosion due to exposure of the diluent to open
flames or sparks. The internal heaters and the engine of the distributor will

of necessity be in operation during diluent addition. The designs should
specify appropriate operating procedures found in the applicable Air Force
regul ation.

5.7 Overlay

'*1 If heavy traffic on the SANI cannot be avoided prior to the placement of
the overlay, the engineer is advised to place a tack coat on the SAMI to aid

chip retention. This may also be achieved by using precoated aggregate.

6.0 TESTS AND FIELD INSPECTIONS

The criteria listed in this section have been verified in a limited num-
ber of construction sections. More field testing is being planned and other

4 tests are being considered prior to implementing mandatory limits. The tests

offered in paragraphs 6.1 and 6.2 require the laboratory be located on or

local to the job site.
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