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FOREWORD

During the past twenty years a number of laboratory
methods have been developed for compacting asphaltic concrete
mixtures and testing them for stability or resistance to
displacement under load. Their use has brought speculation
by engineers as to correlation between methods.

In research to determine correlation the Texas Engineering
Experiment Station tested about 1600 specimens of asphaltic
concrete. The work involved study of six laboratory methods
of test for stability and of three compaction procedures.

Correlation between results of the six stability test proce-
dures ranged from none to rather good. Different stability
test procedures were found to measure the fundamental factors
of internal friction and cohesion in quite different ways. Data
were also obtained on the manner of variation of the stability
values with change in type of aggregate, change in asphalt
content, change in hardness of asphalt, and change in com-
paction procedure.

The research brought out also that one of the greatest
needs in the field of testing of asphaltic concrete is agreement
on a standard procedure for laboratory compaction of the
specimens for testing.

Details of the experimentation are presented in this
bulletin for the information of the working group in highway
technology.
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APPRAISAL OF SEVERAL METHODS OF
TESTING ASPHALTIC CONCRETE

SUMMARY

This bulletin presents the results of a rather extensive
study of asphaltic concrete test procedures. Three methods
of compaction—the Marshall method, the Texas Highway De-
partment method, and the Asphalt Institute method—were
used. Six stability test procedures—the Hveem stability test,
the Marshall stability test, the direct compression test, the
Asphalt Institute stability test, the cohesiometer test, and a
modification of the Texas Highway Department punching
shear test—were studied. The primary objectives of the studies
were:. (1) to determine whether or not correlation existed be-
tween the various test procedures, (2) to study the effect of
variations in type of aggregate, quantity of asphalt, and grade
of asphalt on the various stability values, and (3) to study the
effect of compaction procedure on the density of the mixtures
and on the results of the stability tests.

The three compaction procedures were found to produce
significant differences in density. The Marshall and Texas
Highway Department procedures were studied for all of the
stability procedures except the Asphalt Institute and were
found to produce specimens showing considerable difference
in stability values for all test procedures except the Hveem.
These differences indicate a definite need for agreement on
a laboratory compaction procedure for asphaltic concrete
mixtures.

No correlation was found between the results of the Hveem
stability test and the results of the other stability test proce-
dures. Some correlation was found between the other stability
test procedures. The correlation ranged in degree from good
to very poor.

All of the stability test results except those from the
Hveem stability test were materially influenced by the grade
of asphalt cement used in the mixture.

The Marshall stability, Texas Highway Department punch-
ing shear, the ultimate strength in direct compression, and the
Asphalt Institute stability test results all show the same type
of variation in stability with variation in asphalt content.
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For the Marshall compaction procedure and a given grade
of asphalt the maximum stability values for the Marshall
stability, the ultimate strength in direct compression, the
Asphalt Institute stability and the Hveem stability all indicate
approximately the same difference in aggregate characteris-
tics for the four aggregate combinations studied. The Hveem
stability test is considered to be the best for studying the
characteristics of the mixture which are dependent on the
type of aggregate,.

INTRODUCTION

Asphaltic concrete pavements are plant mixtures of
aggregates and asphaltic materials usually laid and compacted
by machine. The requirements normally placed on the com-
pacted mixture are those for stability (ability to resist the
traffic load) and those for density. It is generally considered
that the stability of asphaltic concrete mixtures is dependent
upon the shear strength of the compacted mixture. The shear
strength of granular materials is a function of the inter-
granular resistance to sliding or internal friction and the
intergranular resistance to being pulled apart (cohesion).

A number of methods for determining the stability of
asphaltic concrete mixtures are in present day use. These
test methods measure the stability of the mixture in a more
or less arbitrary manner, and their value lies in the extent
to which the stability value obtained from the test has been
correlated with the performance of the material in the pave-
ment. Little work has been done with the idea of establishing
the relationship between these variable test procedures and
this research was instituted with the major objective of study-
ing the relation between a number of the commonly used test
procedures.

The specific objectives of this research project were as
follows:

1. A study of six methods for determining the stability
of asphaltic concrete to determine whether or not correlation
exists between the methods. The stability methods studied
were: Hveem stabilometer,* 410 Marshall stability,>? Texas
Highway Department punching shear,® direct compression,!t-=
cohesiometer,” and Asphalt Institute stability test.:

2. A study of the effect of variations in type of aggregate,
percentage of asphalt in the mixture, and hardness of asphalt
upon the stability values found by the six procedures.

TESTING ASPHALTIC CONCRETE a

3. A study of the effect of three methods of preparing
laboratory specimens—(1) the Marshall compaction method,
(2) the gyratory compacticn methed used by the Texas High-
way Department, and (3) the Asphalt Institute compaction
method—upon the density of various asphaltic concrete mix-
tures.

4. A study of the effect of two methods of preparing
laboratory specimens—the Marshall compaction method and
the gyratory compaction method used by the Texas Highway
Department—upon the stability values found by the following
methods: Hveem stabilometer, Marshall stability, Texas High-
way Department punching shear, direct compression, and
cohesiometer.

The six stability test procedures selected for study cover
those most widely used for the testing of asphaltic concrete
in the United States and cover a wide range of type of test.

MATERIALS AND MIXTURES

The major portion of about 1600 specimens tested were
prepared using standard aggregates and aggregate combina-
tions. The aggregates used in the project were as follows:

1. Crushed limestone in various sizes.

2. Limestone dust obtained from the crushed limestone
by grinding it in a ball mill and screening through a No. 200
sieve.

3. Washed gravel.

4., Washed sand originally intended for use in portland
cement concrete from which the fraction larger than the No. 10
sieve was discarded for this project. This sand is hereafter
referred to as sand A.

5. A field sand or blow sand which was prepared for use
by washing it over a No. 200 sieve in order to remove the major
portion of the silt and clay anrd by screening it over a No.
10 sieve. This sand is hereafter referred to as sand B.

Pive sieve analyses were run on each of the aggregates
except the limestone dust. The average values obtained from
these sieve analyses are shown in Table 1.

The bulk specific gravity of the aggregates was obtained
by the “Standard Method of Test for Specific Gravity and
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Absorption of Fine Aggregate” (AASHO T 84-45 and ASTM
C 128-42) except that a vacuum was used to remove the air
from the water. Three bulk specific gravity determinations
were made for each material. The bulk specific gravity was
checked by using the pycnometer method employed by the
Texas Highway Department. The average specific gravities
of the materials are shown in Table 1.

TABLE 1

SIEVE ANALYSIS AND SPECIFIC GRAVITY OF AGGREGATES
USED IN ASPHALTIC CONCRETE MIXTURES
Fine Aggregates (Predominately Finer than No. 10 Sieve)

1 ‘ ) I Fraction of
| | Limestone | Limestone
! Sand A Sand B Screenings Screenings
i i Passing No. 10
S B S S _ Steve
Pass Li’ sereen, ret'd. no. 10
sieve, per cent 12.2
Pass no. 10 sieve ret’d. no. 40 -
sieve, per cent 51.2 2.5 47.6 54.2
Pass no. 40 sieve ret’d. no. 10 - -
sieve, per cent 42.6 37.7 13.4 15.3
Pass no. 80 sieve ret’d. no. 200 ) i o
sieve, per cent H.8 56.9 9.5 10.8
Pass no. 200 sieve 0.4 2.9 771 ;ii B 71977 o
Specific gravity 2.624 2.622 2.573 2.573 o

Coarse Aggregates (Predominately (‘oarserwthan No. 7i6§ieve)

~ Crushed  Crusted Washed River
Limestore Limectone i Gravel
) o o ,L"'%L\‘,,l/‘,”'m' 10 3%’ -No. 10
Pass 50" screen, ret’d. 1.,"
screcn, per cent 3.% 0.6 0.0
Pass 1, sereen, ret’d. 1" ) o -
screen, per cent 44.9 10.4 16.1
Pass 14" sereen, ret'd. no. 10 o -
sieve, per cent 1.3 779 44.3
Pass no. 10 sieve, ret’d. no. 40 - o o -
sieve, per cent 0.0 11.3 8.6
Pass no. 40 sieve. per cent 0.0 0.3 - TO o
Specific gravity 2.525 - T2.516 - 2.;524

Mineral Fillers

‘ " Portland “Limestone
) o o o } . e ' Cement Dust
Pass no. 80 sieve, ret’d. no. 200 sieve, per cent 3.0 0.0
Pass no. 200 sieve. per cent ) 97.0 7 100.0 o
3.100

Specific gravity

2.725
The asphalt cements used in preparing the asphaltic con-
crete mixtures were obtained from the Texas Company. The
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four grades of asphalt cements used conformed to the Texas
Highway Department specifications.

The specific gravities of the asphalt cements were obtained
in accordance with the “Standard Method of Test for Specific
Gravity of Bituminous Materials” (AASHO T 43-35) using the
pycnometer method. The grades of asphalt used, and the
respective specific gravities were:

Grade of Asphalt Cement Specifie Gravity
Qil Asphalt OA-55 150-60 penetration) 1.016
01l Asphalt OA-90 {R5-100 penetration) 1.021 isheet asphalt mixtures)
1.004 tasphaltic conercte mixtures)
0il Asphalt OA-135 (120-150 penetration) 1.010
0il Asphalt OA-230 (210-250 penetration) 1.011

The RC-2 cut-back asphalt used in the preparation of the
cut-back asphaltic concrete mixtures was obtained from the
Talco Refinery of the American Republic Oil Company. The
material conformed to the specifications of the Texas Highway
Department. The distillation residue at 680°F. was determined
in accordance with AASHO T 28-49 “‘Distillation of Cut-Back
Asphaltic Products.” The amount of residue was found to be
717.5 per cent by weight and the specific gravity of the residue
was found to be 1.025.

Four groups of mixtures were tested. The first group
consisted of seven series of sheet asphalt mixtures prepared
in the laboratory and conforming to Texas Highway Depart-
ment Specifications S-317 “Hot-Mix Asphaltic Concrete Pave-
ment Type E.” The second group consisted of 22 series (16
mixtures) of laboratory hot-mix asphaltic concrete mixtures
conforming to Texas Highway Department Specification $S-317
“Hot-Mix Asphaltic Concrete, Type D.” The third group
consisted of five series (three mixtures) of cut-back asphaltic
concrete mixtures conforming to Texas Highway Department
Specification S-309 ‘““‘Cut-Back Asphaltic Concrete, Type M.”
The fourth group consisted of 10 series (five mixtures) of
asphaltic concrete mixtures furnished by the Texas Highway
Department from actual highway construction projects. All
of the mixtures in the fourth group conformed to Texas
Highway Department Specification $S-317. Three of them were
Type “D” and two Type “C.” The mixtures of group four were
sampled at the paving plant, and approximately 200 pounds
of the complete mixture as taken from the mixed batches
was furnished to the laboratory for testing.

The compositions of the mixtures for each of the groups
are shown in Tables 2, 3, 4, and 5 along with the governing
specifications.
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TABLE 2
COMPOSITION OF SHEET ASPHALT MIXTURES CONFORMING
TO TEXAS HIGHWAY DEPARTMENT SPECIFICATION 8-317
“HOT-MIX ASPHALTIC CONCRETE PAVEMENT, TYPE E”

Compgsition of Mixtures

PER CENT BY WEIGHT

Series  Series ©  Series “Series “Series © Series Series
o A o B C D K L,,,
Sand A 50.0 10.0 37.5 35.5
Limestone servenings - 0 — - 4155
Sand B 40.0 40.0 37.5 335.5 36.0
Filler (Jimestone dust
i )jassing no, 200 sleved 10.0 — —_ 2.25 71277
Filler «Portiand
Cementi —- 10.0 15.0 2000 15.0 - -
Asphalt cement
_LOADYY i 10.0 10.0 10.0 9.0 X0 10.0 2.0
Specifications and Grading of Total Aggregate
. Specifi- | Series " Series :' Series | Series Series Series | Series
R | catin i ‘ c ! D E K ' L
s 10 ret'd. 40 15-40 22,1 21.0 22.5 32.2
5 40 vet'd. 80 20-45 33,4 313 33.6 23.9
Pass 80 ret’d. 200 12-32 26.4 247 26.5 28,9
Pass 200 10-24 17.8 23.0 17.4 15.0

The specification requires that the H,\‘Dh%l]hif‘7);;;it(’l‘i:l]:\ha“ form from 7.5 to 129 of the
mixture by weight.

TABLE 3
COMPOSITION OF FINE GRADED HOT-MIX ASPHALTIC CONCRETE
MIXTURES CONFORMING TO TEXAS HIGHWAY DEPARTMENT

SPECIFICATION 5-317, HOT-MIX ASPHALTIC CONCRETE PAVE-
MENT, TYPE “D”

Composition of Aggregates

PER CENT BY WEIGHT

i Series ! Series : Series Series

AD, BD FG,GD | KD,LD ' PD.QD

CD.BD ©  HD.ID MD.ND | RD,SD
Crushed limestone. #(”-1 " 25 30 —_ T
Crushed limestone, 1 ”-no. 10 25 30 — -
Washed river gravel — -~ 5% 60
Limestone screenings 25 - 26 —
Sand A" — 20 - 20
Sand “B” 25 15 16 15
Limestone dust (passing no. 200 sicve) - Y - 5

Specifications and Grading of Total Aggregate
PER CENT BY WEIGHT

i

| Series ! Series  :  Series

i Specification AD, BD FG.GD ' KD, LD
[ ¢ CD.DD HD.ID | MD, ND

Pass 7(" screen 160 100 100

Pass " screen 97-100 99.1

Pass 1" screen ret’d, 13" sereen 25-50 26.3

Pass 14" sereen ret’'d. no. 10 sieve 30.1

Total ret’d. on no. 10 sieve 57.2

Pass no. 10 ret’d. no. 40 15.3

Pass no. 40 ret’d. no. 30 12.8

Pass no. 80 ret’d. no. 200 16.6

Pass no. 200 5.1
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Type and Quantity of Asphaltic Material

Grade of | | Quantity | | Quantity . i Quantity | | Quantity
Asphalt | Series | PerCent | Series | PerCent | Series | Per Cent | Series : Per Cent
Cement | | By Weight | | By Weight ! By Weight | . By Weight
0OA 90 AD 4.5 FD 4.5 KD 4.5 PD 4.5
ADp 4.5 KDrp 4.5
BD 5.25 GD 5.25 LD 5.25 QD 5.25
BDp  5.25
CD 6.0 HD 6.0 MD 6.0 RD 6.0
CDp 6.0
DD 6.75 1D 6.75 ND 4.0 SD 4.0
NDt 4.0
0A 55 ~ CD, 6.0 — LD, 5.25
OA 135 CD, 6.0 - LD, 5.25 —
QA 230 CD, 6.0 - LD, 5.25 —

The specification requires that the asphaltic material shall form from 4 to 7.5% of the
mixture by weight.

TABLE 4

COMPOSITION OF CUT-BACK ASPHALTIC CONCRETE PAVING

MIXTURES CONFORMING TO TEXAS HIGHWAY DEPARTMENT

SPECIFICATION S-309, TYPE “M”, FINE GRADED SURFACE
COURSE

Composition of Mixtures

\ SERIES
Total Mixture

] Agpregate l Per Cent hleeight B
Only ’ BM | DM i EM
Al i [
‘ Mixtures ‘ BM : EM
i M i M
Crushed limestone, 3%-14 35 32.9 32.73 33.07
Crushed limestone, 14-10 35 32.9 32.73 33.07
Sand “A” 15 14.1 14.02 14.18
Sand “B” 15 14.1 14.02 14.18
RC-2 -— 6.0 6.5 5.5

Specification and Grading of Aggregates

Specification _ Grading (Al Mixtures)

Passing %" screen 100 100
Passing 14" screen 97-100 98.8
Passing 14" screen, retained on 34" screen 30-60 36.8
Passing 14" screen, retained on no. 10 sieve 20-40 27.8
Passing no. 10 sieve, retained on no. 40 sieve 5-20 12.1
Passing no. 40 sieve, retained on no. 80 sieve 5-15 12.2
5-15 9.8

Passing no. 80 sieve

The specification reguires that the cut-back asphalt form from 5§ to 7% of the mixture

by weight.
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TABLE 5

COMPOSITION OF FIVE MIXTURES FROM TEXAS HIGHWAY

DEPARTMENT CONSTRUCTION PROJECTS CONFORMING TO

TEXAS HIGHWAY DEPARTMENT SPECIFICATION S-317, TYPE “D”
AND TYPE “C”

Type “D” Mixtures (Gradings Shown Are for Field Extraction)

Specifi- Series \ Series | Series
cations SB SG | sU
Pass 35” screen, ret’d. 14" screen 0-3 1.4 2.2 0.5
Pass 15" screen, ret’d. 14" screen 25-50 35.4 31.6 26.5
Pass 14" screen, ret’d. no. 10 sieve 15-35 15.2 21.0 22.4
Total retained on no. 10 sieve 50-60 52.0 54.8 49.4
Pass no. 10 sieve, ret’d. no. 40 sieve 0-25 12.2 17.3 16.5
Pass no. 40 sieve, ret’d. no. 80 sieve 5-25 16.7 13.2 18.4
Pass no. 80 sieve, ret’d. no. 200 sieve 5-25 11.1 6.0 5.8
Pass no. 200 sieve 2-10 3.6 3.8 5.3
Asphalt cement 4.0 to 7.5 4.4 4.9 4.6
Grade asphalt cement 0A-90 0A-230 0OA-230
Type “C” Mixtures (Gradings Shown Are for Field Extraction)
Specifi- | Series | Series
cations | SP | SC
Pass 1” screen, ret’d. 3;” screen, per cent 0-3 1.0 0.5
Pass 3,” screen, ret’d. 14" screen, per cent 15-40 17.0 19.5
Pass 15” screen, ret’d. 14” screen, per cent 15-40 23.2 22.4
Pass 14" sereen, ret’d. no. 10 sieve 10-30 14.7 17.1
Total retained on no. 10 sieve, per cent 50-65 55.9 59.5
Pass no. 10 sieve, ret’d. no. 40 sieve, per cent 0-25 14.8 11.2
Pass no. 40 sieve, ret’d. no. 80 sieve, per cent 5-25 11.9 10.4
Pass no. 80 sieve, ret’d. no. 200 sieve, per cent 5-25 8.8 7.7
Pass no. 200 sieve 1-10 4.6 5.1
Asphalt cement 3.5-7 4.0 6.1
Grade asphalt cement 0A-90 0A-135

PREPARATION OF SPECIMENS AND DETERMINATION
OF DENSITY

Three compaction procedures, the Marshall compaction
procedure, the Texas Highway Department compaction proce-
dure, and the Asphalt Institute compaction procedure were
used in preparing the specimens. The details of proportioning,
mixing, and compaction of the specimens are given in the
following pages.

Sheet Asphalt Specimens and Hot-Mix
Asphaltic Concrete Specimens

Marshall Compaction Procedure—The procedure used in
preparation of the specimens by the Marshall method is given
in “The Marshall Method for the Design and Control of
Bituminous Paving Mixtures, Third Revision, February 1949.”

1. The separate aggregates were dried and the quantities,
to the nearest gram, required for a 1200-gram batch, were
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weighed into tared aluminum pans. The aggregates were
thoroughly mixed with a small trowel.

2. The pans were then placed in a 350°F. pv_eri and left
for a minimum of four hours. Just prior to mixing of a set
of specimens, the asphalt cement was heated in a separate
container to 350°F.

3. The aggregates were placed in the previously hea'ged
mixing bowl of a Hobart C-10 mixer and the proper quantity
of hot asphalt cement was weighed into the bowl. ) The mate-
rials were then thoroughly mixed with the C—}O mixer fox: t_wo
minutes. Figure 1 shows the Hobart C-10 mixer, the.mlxmg
bowls, and the wire whip which were used in preparing t1_1e
laboratory hot-mix asphaltic concrete specimens tested in

this project.

4. The proper quantity of mixture to produce a specimen
21, inches high was weighed into the tared and heated Marshall

MIXER WITH BOWL
IN PLACE

Figure 1. Mixing device 1_1sed in
hot mix asphaltic concrete specimens.

the preparation of the la_boratory
During mixing the materials were

continuously loosened from the side of the bowl with a spatula.



10 TESTING ASPHALTIC CONCRETE

compact'ion mold and rodded with a trowel to eliminate
segregation as much as possible.

5. The specimen was then compacted by applying 50
blows to one face with the compaction hammer. The mold

1\;vas then inverted and 50 blows were applied to the opposite
ace.

6. The mold and specimen were placed in a bucket of
water for a few minutes after which the specimen was re-
moved from the mold and properly marked. Figure 2 shows
the Marshall compaction mold and hammer and a specimen
being compacted.

BASE | COMBRCTION MOLD
§ matE

se .
ECiMen BEing COMP‘CTED

_ Figure 2. -Apparqtus used for Marshall compaction procedure and
picture of specimen being compacted.

) The asphaltic concrete mixtures of the fourth group re-
ceived from the Texas Highway Department were in the mixed
condition and their use violates the standard Marshall proce-
dure which requires that mixtures shall not be reheated. It
does not seem probable, however, that the re-heating would
render the information obtained from the specimens valueless,
particularly for correlation and comparison purposes.

The cold materials received from the construction projects
were compacted in the following manner.
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1. The asphaltic concrete mixture was heated in a 212°F.
oven until it could be broken down easily. The mixture was
then thoroughly broken down, mixed with a trowel and the
proper quantity to produce a 2l5-inch specimen was weighed
into tared pans.

2. The mixture was then heated rapidly in the pans to
a temperature (after thorough stirring) of 250°F. It was
placed in the Marshall compaction mold and rodded with a
trowel.

3. Compaction was accomplished in exactly the same
manner as for steps 5 and 6 of the previous procedure.

Texas Highway Department Compaction Procedure—The
compaction procedure used by the Texas Highway Department
is given in Texas Highway Department Construction Bulletin
C-14,° Part I “The Design of Asphaltic Concrete Paving Mix-
tures.” The procedure used in this investigation was the same .
except for minor changes necessary because of the use of
machine mixing.

1. The dried aggregates for a 1200-gram batch were
weighed into tared mixing pans in the proper quantity, thor-
oughly mixed with a trowel, and placed in an oven at 350°F.
for a minimum of four hours.

2. Just prior to preparation of a set of specimens, the
asphalt was heated to 250°F. in a separate container. The
aggregates were then placed in the tared mixing bowl of the
Hobart C-10 mixer, and the proper quantity of asphalt was
added. The materials were then mixed for a period of two
minutes with the Hobart mixer.

3. The proper quantity of the mixture to produce a
specimen 2Y inches high was then placed in the Texas
Highway Department compaction mold in layers and pressed
down. The temperature of the mixture at this time was about
250°F.

4. The mold was then placed in the press and the jack
raised until a load of 50 pounds per square inch was indicated.
A gyratory motion was then applied to the molding cylinder
and to make three complete revolutions. The molding cylinder
was then seated squarely on the lower guide ring. The process
of applying a load of 50 pounds per square inch and imparting
gyratory motion was repeated until a single jack stroke would
increase the pressure 100 pounds per square inch. The molding
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assembly and the press used in the Texas Highway Department
compaction procedure are shown in Figure 3. Figure 3 also
shows a specimen being subjected to the gyratory motion.

s

Figure 3. Specimen being compacted b i
N y Texas Highway D -
ment procedure and picture showing details of mold. & ¥ ek
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5. A load of 2500 pounds per square inch gauge pressure
was then applied and released.

6. The specimen was removed from the molding cylinder
and properly marked.

The asphaltic concrete mixtures received from the Texas
Highway Department in the mixed condition were molded as
follows:

1. The mixture was heated in a 212°F. oven, thoroughly
mixed and the proper quantity to produce a specimen 21,
inches high was weighed into tared pans.

2. The mixture was then heated rapidly to a temperature
of 250°F. It was stirred thoroughly during heating.

3. The mixture was then placed in the compaction mold
and the specimen was molded in exactly the same manner as
stated in paragraphs four, five, and six of the procedure as
previously given.

The Asphalt Institute Compaction Procedure—The com-
paction procedure given on pages 30 to 34 of the Asphalt
Institute’s “Manual on Hot-Mix Asphaltic Concrete Paving”
was used with minor modifications made necessary by the use
of machine mixing.

1. The dried aggregates were weighed into tared mixing
pans in the proper quantities to produce a 3000-gram batch.
The aggregates were then thoroughly mixed and placed in
a 350°F. oven for a minimum of four hours. Just prior to
preparation of a set of specimens, the asphalt was heated in
a separate container to 250°F.

2. The hot aggregate was placed in the mixing bowl of
the Hobart C-10 mixer, the proper quantity of asphalt was
weighed into the bowl, and the materials were mixed for two
minutes.

3. The mold was heated in a 212°F. oven prior to forming
the specimens. About one-half of the material was placed in
the mold and compacted with 30 blows of the No. 2 (1100
grams) tamper. The surface of this layer was scarified. The
remainder of the mixture was placed in the mold and com-
pacted with 30 blows of the No. 2 tamper followed by 30 blows
with the No. 3 tamper. The molding cylinder was then
inverted on the base plate. The specimen was forced to the
bottom of the mold and compacted with 30 blows of the No. 2
tamper followed by 30 blows with the No. 3 tamper. The
molding assembly was then placed in the testing machine and
a load of 10,000 pounds applied with the plunger. This load
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SPECIMEN BEING COMPACTED
IN TESTING MACHINE

Figure 4. I_\’Iold and tampers for Asphalt Institute compaction pro-
cedure and specimen under compaction in testing machine.
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was maintained for 15 minutes. Figure 4 shows the mold and
tampers used in the Asphalt Institute procedure and also
shows a specimen under load in the testing machine.

4. The specimen was then forced from the mold and
proper identification was placed on the bottom of the sample.

For the prepared asphaltic concrete mixtures received
from the Texas Highway Department the procedure was as
follows:

1. The mixture was heated in 212°F. oven, broken down
and thoroughly mixed. The 3000-gram batches were weighed
into tared pans. Each batch was then heated as rapidly as
possible to 250°F.

2. The mixture was compacted in accordance with the
procedure shown in steps 3 and 4 preceding.

Cut-Back Asphaltic Concrete Mixtures

The cut-back asphaltic concrete or cold mix asphaltic
concrete mixtures presented some difficulties from a compac-
tion standpoint. Neither the Marshall method nor the
Asphalt Institute method presents a procedure for the com-
paction of cut-back asphaltic concrete mixtures. The Texas
Highway Department? procedure for cut-back asphaltic con-
crete mixtures was therefore modified and used when compact-
ing by the Marshall method or Asphalt Institute method. A
quantity of 3000 grams of total mixture was used for the
Asphalt Institute method and the amount required to produce
specimens 2% inches high for the Marshall and Texas Highway
Department methods. The exact procedures used were as
follows.

1. The dry aggregates were weighed into a tared pan in
amounts sufficient to produce the specimen. The RC-2 cut-
back asphalt was added in the proper quantity and the ma-
terials were mixed by hand with a trowel.

2. The pan and mixture were then placed in a 212°F.
oven for 30 minutes. At the end of this period, the mixtures
were removed from the oven and thoroughly mixed.

3. The pan and mixture were then returned to the 212°F.
oven and left until it reached a constant weight. During this
period the mixture was periodically stirred, weighed, and
checked for constant weight. When the mixture reached
constant weight it was removed from the oven and allowed
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to cool. During the cooling period the mixture was stirred at
intervals in order to maintain a uniform temperature through-
out the mixture.

4. Marshall compaction procedure. When the mixture
was cooled to 140°F. it was molded using exactly the same
procedure as that given in steps 4, 5, and 6 of the Marshall
compaction procedure for hot-mix asphaltic concrete.

The procedure used in compacting these specimens by the
Marshall method was not considered to be entirely satisfactory
in that proper density was not obtained in the specimens.
When studying the results of the stability tests on the cut-
back asphaltic concrete mixtures prepared by the Marshall
method, this fact should be kept in mind.

5. Texas Highway Department compaction procedure. The
cold mixture was cooled to 100°F. and molded in accordance
with the same procedure as given in steps 4, 5, and 6 for the
Texas Highway Department procedure for hot-mix asphaltic
concrete.

6. Asphalt Institute compaction procedure. The cold
mixture was cooled to 140°F. and molded in accordance with
the same procedure as given in steps 3 and 4 for the Asphalt
Institute procedure for hot-mix asphaltic concrete.

This procedure, while it was the best of several tried, did
not produce specimens of the quality desired for determination
of the stability by the Asphalt Institute method. Results of
stability tests made on the specimens were quite erratic and
are not shown in the following pages.

The problem of adapting the Marshall compaction proce-
dure and the Asphalt Institute compaction procedure to the
compaction of cut-back asphaltic concrete mixtures was not
satisfactorily solved in this investigation. This problem war-
rants further study.

Determination of Specific Gravity

The specific gravity of all the specimens prepared was
determined by using the same general procedure. The proce-
dure used is essentially that recommended by the Texas High-
way Department in Construction Bulletin C-14.9

1. A waxed thread was looped around the specimen. The
specimen was then weighed in air to the nearest gram—
weight A.
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2. The specimen was dipped several times into paraffin
held at a temperature of 2°F. to 4°F. above its melting point.
The paraffin coated specimen was then allowed to cool and
weighed in air to the nearest gram-—weight B.

3. The specimen was then suspended completely in water
on the waxed thread and weighed to the nearest gram-—
weight C.

4. The specific gravity was determined from the ex-
pression:

ies ; N A
Specific Gravity (d) B -  (B-A
Srecuific Gravity
of Paraffin

5. The theoretical specific gravity was then calculated
as follows:

Theoretical 100

Specific Gravity (D) = ( Percentage by weight of )

component of mixture
‘Specific gravity of component
For example the theoretical density of sheet asphalt mixture

series A is calculated as follows (see Table 1 and Table 2):

100
D= _ ) e, & 222715

0 + 40 + 10+ 10

2.624 2.622 2725 1.021
6. The percentage of voids is then obtained from the
expression:

D - d )
Per cent voids = »f-——’T— 100

THE STABILITY TEST PROCEDURES

It is common practice to perform the stability tests on
asphaltic concrete mixtures at a temperature of 140°F. Prac-
tice varies with regard to the manner in which the 140°F.
temperature is produced. Some standard procedures provide
for obtaining the temperature by heating in a water bath,
while other procedures require that the specimens be heated
in air. All of the specimens for the stability tests conducted
in this investigation were heated in a constant temperature
oven held at 140°F. = 1°F. for a period of at least four hours
prior to testing. In all cases the specimens were tested as
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Figure 5. The Hveem stability test.
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rapidly as possible after removal from the oven in order to
avoid loss of heat.

Hveem Stability Test

In the Hveem stability test the specimen is tested in a
closed system. An increasing vertical pressure is applied to
the 4-inch diameter faces of the specimens and the lateral
pressure transmitted through a rubber diaphragm in which
the specimen. is held is measured. Figure 5 shows the details
of the test schematically and a view of the stabilometer in
the testing machine during an actual test. :

The detailed test procedure used in performing the test
was that of the Texas Highway Department, the essential
features of which are:

1. The initial displacement of the stabilometer was ad-
justed to a value betwezn .070 and .080.

2. The specimen to be tested was removed from the 140°F.
oven and a serrated skirt of 2%,-inch gummed tape was placed
around the specimen. The paper skirt was necessary to protect
the rubber diaphragm from injury due to sharp aggregates in
the specimens. The lower plate of the stabilometer was set
to conform to the height of the specimen.

3. A 4-inch paper disc was placed over the lower head.
The specimen was placed on the disc and the body of the
stabilometer was lowered over the specimen. The initial lateral
pressure of five pounds per square inch was then applied with
the pump after which the angle valve was closed. A second
paper disc was placed over the specimen.

4. The specimen was placed in the testing machine and
the loading head was brought into position for loading. The
deflection measuring device was adjusted into position for
reading the vertical movements of the specimen during testing.
The load was applied at a rate of .05 inches per minute
movement.

5. Readings of the lateral pressure and of the vertical
movement were made at vertical loads of 500, 1000, 1500, 2500,
and 3000 pounds and at each 1000 pounds of vertical load
thereafter. The vertical load corresponding to a lateral pres-
sure of 200 pounds per square inch was also determined.

6. The vertical load was reduced to 1000 pounds, the
angle valve was opened, and the final displacement measure-
ment was made.
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Figure 6 shows a typical set of data obtained from the

test of a specimen.

mixtures were tested.

Five specimens of each of the individual

ASPHALTIC CONCRETE RESEARCH
HVEEM STABILOMETER TEST

Design No. Asphaltic Concrete  Date
Spec. No. BD-16 By
Ht. Speec. 2.49 inches Initial Displ. 0.074
Final Displ. 0.136
Remarks:
VERTICAL HVEEM ¢ VERTICAL | VERTICAL | HVEEM \ VERTICAL
LOAD (LB.) |  GAUGE (LB.) | AMES (IN.) ' LOAD (LB.) ' GAUGE (LB.) |AMES (IN.)
5 11.006 132 047
100 0.000 12,000 155 051
500 [ 003 13,000 196 057
1,000 8 007 14,000
1,500 10 009 15,000
2,000 12 011 16,000
2,500 15 013 17,000
3,000 18 015 18,000
4,000 25 020 19,000
5,000% 37 024 20,000
6,060 46 028 21,000
7,000 59 032 22,060
8,000 75 036 23,000
9,000 92 040 24,000
10,600 110 044
Hveem ¢ Stability (For 2-5/16” Ht. Spec.) = 61.5
Hveem ¢; Stability (Corrected to 2.5 Ht.) = 64.7

*Critical Pressure for determining Hveem Stability.

Figure 6.

Typical set of data for Hveem stability test.

The stability value for each specimen was computed by
means of the emperical formula:

S =

22.2

__RD + 222
400 — R

Where S is the relative stability,

R is the stabilometer gauge reading at 400 pounds per

square inch applied
and

load (5000 pounds total load),

D is the number of turns displacement of the specimen
(one turn is equivalent to one revolution of the
Ames dial or 0.1 inch indicated movement).

Further interpretation of the test results was also made
using the method recommended by L. E. McCarty in his paper
“Applications of the Mohr Circle and Stress Triangle Diagrams
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Figure 7. Typical Mohr circles obtained by plotting vertical and
lateral pressures from the Hveem stability test.

to Test Data Taken with the Hveem Stabilometer.” The Mohr
circles were plotted for each vertical unit pressure and the
corresponding lateral pressure. A line was then drawn tangent
to the circle at 400 pounds per square inch vertical pressure
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and to the circle at 200 pounds per square inch lateral
pressure. For specimens in which the maximum vertical
pressure was below or not much in excess of 400 pounds per
square inch (5000 pounds vertical load) the best average line
tangent to the stress circles was drawn. The angle of internal
friction was taken as the slope of the line, and its intercept
on the shear stress axis as the unit cohesive strength. A
typical set of these curves with the tangent lines drawn appears
in Figure 7.

For each mixture the results of the five tests were aver-
aged. Values which were obviously in error were thrown out.
The results obtained from the tests were: Hveem stability
value, per cent; angle of internal friction, degrees; and cohesive
strength, pounds per square inch.

Marshall Stability Test

In the Marshall stability test the 4-inch diameter speci-
mens are loaded along the perimeter of the specimen through
two circular loading heads. The load is applied at the rate
of 2.0 inches per minute. As the specimen is compressed the
vertical movement is measured. The loading method is shown
schematically in Figure 8 along with a view of a specimen
in the machine ready for testing. The procedure used in
performing the test was as follows:

1. The loading heads were heated to 140°F. in the constant
temperature oven.

2. The specimen to be tested was taken from the oven
and placed in the loading heads. The heads were placed in
the stability machine in position for testing. The Ames dial
reading flow (vertical movement) was set at zero.

3. The load was applied at the rate of 2.0 inches per
minute. The maximum load and the vertical movement at
maximum load were read and recorded.

Five specimens were tested for each mixture. The results
were averaged, discarding the values for those specimens which
were obviously in error. The Results obtained from the test
were: (1) stability value (maximum load) in pounds, and (2)
flow (vertical deformation at maximum load) in inches.

Texas Highway Department Punching Shear

For a number of years the Texas Highway Department
used a punching shear test to measure the stability of asphaltic
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MOVEMENT = FLOW

P
Figure 8. The Marshall stability test.
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concrete specimens. The test consisted of applying a load over
a l-inch circular area on one 4-inch specimen face with the
specimen being supported on the perimeter of a 3-inch dia-
meter circle on the opposite face. The specimen was laterally
supported by a brass ring in which it was tested. The test
results in shearing out a frustrum of a cone with a top
diameter of one inch and a bottom diameter of three inches.
The procedure followed in this work was not exactly the same
as that used by the Texas Highway Department. The lateral
support furnished by the brass ring was eliminated thus
making the test an unconfined shear test. The rate of loading
was also changed to conform to that used for the Marshall
stability test, 2.0 inches per minute. The details of the loading
procedure are shown schematically in Figure 9, along with a
view of a specimen in the machine ready for testing. The
exact procedure followed in making the tests was as follows:

1. The testing device was brought to a temperature of
140°F. The specimen was removed from the 140°F. oven and
placed on the testing machine platform for testing.

2. An initial load of 10 pounds was placed on the specimen
and the device for measuring vertical deformation was set at
Zero.

3. The specimen was then loaded at the rate of 2.0 inches
per minute. The maximum load was recorded and the deform-
ation at the maximum load. The maximum load was taken
as the stability value.

Five specimens were tested for each mixture and the re-
sults were averaged (discarding the values obviously in error).
The results reported for this stability test are: (1) the stability
value (maximum load) in pounds and (2) the deformation at
maximum load in inches.

Direct Compression Test

The direct compression test or unconfined compression
test has been proposed and used as a suitable test procedure
for determining the stability of asphaltic concrete mixtures.
In this test the 4-inch diameter specimens are loaded in com-
pression on the 4-inch faces and the vertical deformations
are measured.

Figure 10 shows a specimen in the testing machine ready
for testing with the device for measuring the vertical deform-
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Figure 9. Modified Texas Highway Department punching shear sta-
bility test.
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ation in place. The specific steps taken in performing the i \O\\O\\o\ ]
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1. The specimen, immediately upon removal from the _ ‘ ’ OSE:S

140°F. oven, was centered in the testing machine and an
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DEFORMATION, INGHES

initial vertical load of 10 pounds applied. The deformation

; 01870
Tl?/

Typical load-deformation diagrams for asphaltic concrete mixtures.

Figure 11.

02

measuring device was set at zero. 1 §

2. The load was applied at the rate of .05 inches per L el lm _ o_\;\igk
minute. @ < - \

o Og\ =

3. The initial deformation reading was taken at 50 pounds Q\ §o157
vertical load for weak mixtures and at 100 pounds vertical 5 = —
load for the stronger materials. Readings of vertical deforma- ‘\3\0\ o
tion thereafter were taken at 50 pound, 100 pound, or 200 © \o\tc\
pound intervals depending upon the rate at which the material & o
took load. < I \O\O\w\o\

4. The maximum load was determined. Loading was °%/$ <
continued beyond the maximum load and the load readings |
were taken for .020 or .025 inch increments of vertical move- S 3 8 8 8 S
ment until the vertical load dropped to about one-half of the o ps Q o o @

maximum load. SANNOd ‘avon
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Upon completion of the test, curves were plotted showing
the relation between the load and the vertical deformation.
A typical set of these curves is shown in Figure 11. From
these curves, the proportional limit load was determined as
the maximum load for which a linear relationship between
load and deformation existed, see Figure 11. The modulus of
elasticity was also determined for each specimen by correcting
the straight line portion of the curve to make it pass through

the origin and using the fundamental relationship: E = En
AA
E = modulus of elasticity, pounds per square inch.
P = any load on corrected curve below the propor-
tional limit, pounds.
A = cross section area of specimen (12.56), square
inches.
A = vertical deformation corresponding to P, inches.
h = height of specimen, inches.

Five specimens were tested and the results averaged. The
following information resulted from the test:

Proportional limit, pounds.
Ultimate strength, pounds.
Modulus of elasticity, pounds per square inch.

Cohesiometer

In the cohesiometer test the 4-inch diameter specimen is
loaded in cantilever bending. The load is applied at the end
of a 30-inch moment arm by allowing shot to flow into a
bucket attached to the moment arm. The manner of loading
and a view of the specimen in the machine ready for loading
are shown in Figure 12. The test was run as follows:

1. The specimen was removed from the 140°F. oven and
placed in position on the table of the cohesiometer. A straight-
edge was placed across the top of the specimen and the lower
adjusting nuts for the gpper plates were run up snug against
the straightedge. The upper heads were then put in place.

2. The temperature in the cohesiometer was allowed to
return to 140°F. The loading arm was then released and shot
allowed to flow into the bucket at the rate of 1800 grams per
minute.

3. When the end of the loading arm had deflected one-
half inch the flow of shot was stopped. The quantity of shot
was determined to the nearest gram.

DEFLECTION SCALE, INCHES

St
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Figure 12. The cohesiometer test.
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4. The load in grams was then converted to the load
per inch for a 3-inch height by means of the equation:

L

.80H + .178H>

= load per inch corrected to 3-inch height, grams.
= cohesiometer load at 1, inch deflection, grams.
= height of specimen, inches.

5. The modulus of rupture (MR) in pounds per square

C =

C
L
H

inch, if desired can be obtained by the expression: MR =
454

Five specimens of each mixture were tested in the cohe-
siometer. The following average results were obtained.

Load per inch corrected to 3-inch height, grams.

Asphalt Institute Stability Test

The Asphalt Institute stability test is of the punching
shear type but differs from the Texas Highway Department
Punching Shear Test as modified for this work in that the
specimen is confined and the load is applied over an area
greater than the area of the hole through which the specimen
is extruded by failure in shear.

The manner of applying the load and a view of the stability
device in the testing machine are shown in Figure 13. The
exact details of the test procedure used were:

1. The testing ring was clamped to the bottom of the
testing mold. The specimen was removed from the 140°F.
oven and placed in the mold for testing. Slight pressure was
required to seat the specimen in the mold. The original upper
face was placed down.

2. The testing plunger was placed on top of the specimen
and an initial load of 10 pounds was applied. The device for
measuring deformation was set at zero.

3. The load was applied at a rate of one inch in 25
seconds. The maximum load and the deformation of the
specimen at maximum load were determined.

Five specimens were tested for each mixture and the
results were averaged and reported as:

Asphalt Institute Stability, pounds.
Deformation at Failure, inches.

i
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Figure 13. The Asphalt Institute stability test.
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EXPERIMENTAL RESULTS

The mixtures selected for use in this investigation were
designed to provide a wide range of stability characteristics.
The exception to this statement is the group of five mixtures
from actual construction projects of the Texas Highway De-
partment which were designed to meet its specifications and
to provide an adequate road surface for the vehicles using
the highways.

Results of Tests on Laboratory Sheet Asphalt Mixtures

The 4-inch diameter specimens of sheet asphalt for the
Hveem stability, Marshall stability, Texas Highway Department
punching shear stability, direct compression, and cohesiometer
tests were all molded by the Marshall compaction procedure.
The 6-inch specimens for the Asphalt Institute stability test
were molded by the Asphalt Institute compaction procedure.
Five of the sheet asphalt mixtures, A, B, C, D, and E were com-
posed of the rounded siliceous sands (A and B) with filler and

TABLE 6
RESULTS OF STABILITY TESTS ON SHEET ASPHALT
PAVING MIXTURES
i ; COMPOSITION OF MIXTURES. PER CENT BY WEIGHT
i Series  Series | Saries | Series | Series | Series ! Series
iA B . €C D E I K | ]

Pu's.\"nn.wl I)\](‘\P,

ret'd. no. 200 sieve TR TR 74.0 T0.1 6.0 6.5 TR.2
Pass no. 200 sieve 11.3 11.3 16.0 20.9 16.0 13.5 13.%
Asphalt cement 10.0 10.0 10.0 9.0 R0 10.0 8.0
Results of Stahility Tests,
Marshall Compaction Procedure
Hveem Stability:
Stability. per cent 21.2 23.5 20.0 23.4 24.4 14.% 34.7
Angle internal
frietion, 25.2 27.4 24.1 27.1 27.2 23.4 33.1
Marshall Stability :
Stability, Ib. 435 555 445 107R 469 1450 1220
Flow, in. 15 12 155 132 098 21 115
Texas Highway Department
Punching Shear:
Stability, 1b. 190 169 119 262 99 260 250
Deformation at
failure. in. 12 .13 L1382 J125 L09X S13R LOKT
Direct Compression :
Elastic limit, ib. 290 324 575 150 700 RO0O
Ultimate strength, th. 374 460 775 196 907 1015
Modulus of elasticity, psi. 1230 1660 2840 763 2460 4510
Cohesiometer :
Load per in., corrected
to 37 height, g. R9 RR 123 149 na 171 154
Average voids, per cent 5.4% 4.96 3.61 3.70 8.62 2.39 6.40

B Asphalt Institute Cnmﬁzfctibn Procedure

Aél)halt Institute

Stability :
Stability. Ib. 930 830 575 940 1860 2750 3900
Deformation at
failure, in. 238 121 1 L1R4 .297 560 828

ot

o
S A

4.01 6.65 10.25 11.02

584 6.81
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asphalt cement and two of the sheet asphalt mixtures, K and
L were composed of limestone screenings, siliceous sand, filler
and asphalt cement. The exact composition of the mixture is
shown in Table 2. The results of the tests on the sheet asphalt
mixtures are shown in Table 6.

Results of Tests on Laboratory Hot-Mix
Asphaltic Concrete Mixtures

The compositions of the laboratory hot-mix asphaltic
concrete specimens tested in this project are shown in Table 3.
The mixtures include four different aggregate combinations
with four variations in asphalt content for each combination,
a total of 16 mixtures. In addition two of the mixtures were
prepared using three consistencies of asphalt other than the
OA-90 used for the 16 mixtures. These 22 mixtures were mixed
and 25 specimens were compacted by the Marshall compaction
procedure and five specimens by the Asphalt Institute proce-
dure for each mixture.

Five of the mixtures were also mixed and 25 specimens
were prepared by the Texas Highway Department compaction
procedure.

The results of the stability tests and of the void determi-
nations on the 27 series of mixtures are shown in Tables 7 to
12 which follow. The series which are designated by the sub-
script T were compacted by the Texas Highway Department
compaction procedure.

TABLE 7

RESULTS OF STABILITY TESTS ON HOT-MIX ASPHALTIC
CONCRETE MIXTURES TEXAS HIGHWAY DEPARTMENT S-317—
TYPE “D”

Coarse Aggregate—Crushed Limestone
Fine Aggregate—Limestone Screenings and Field Sand

Series AD, BD, CD, DD Marshall Compaction
Series ADT, BDT, CDT Texas Highway Department Compaction

Aggregate Gradation Constant
Asphalt Cement OA-90, Variable

COMPOSITION OF MIXTURES, PER CENT BY WEIGHT
Series ~ Series  Series . Series  Series  Series ~ Series

Crushed limestone,

14" to no. 10
Limestone screenings
Sand “B", field sand
Asphalt cement, OA-90
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Resuits of Stahility Tests

Hveem Stability :

Stability, per cent 55.4 57.0 58.4 24.0 54.6 11.0 35.6
Angle internal frietion, © 40.4 38.6 38.9 24.5 37.9 19.1 35.2
Cohesion, psi. 36 34 44 10 490 0 18
Marshall Stability :
Stability, Ib. 1550 2020 1750 1%60 1760 1895 1170
Flow, in. 075 .133 081 .145 .139 .146 142
Texas Highway Department
Punching Shear:
Stability, 1b. 208 282 395 354 334 342 253
Deformation at
failure, in, 068 078 &0 135 .132 .164 .093
Direct Compression :
Elastic limit, 1b. 1240 1500 1670 1680 1100 1420 650
Ultimate strength, b, 1430 2080 2025 2350 1420 1770 900
Modulus of
elasticity, psi. 8810 14950 10350 10350 7860 7820 4140
Cohesiometer:
Load per in. corrected
to 3" height, g. 142 215 151 251 163 245 182
Average voids, per cent 7.03 3.13 6.43 714 4.57 .15 2.79
Asphalt Institute Compaction Procedure
Asphalt Institute
Stability :
Stability, Ib. 4720 6070 4180 3920
Deformation at
failure, in. 214 222 .239 276
Average voids, per cent 10.57 7.56 6.57 2.40
TABLE 8§
RESULTS OF STABILITY TESTS ON HOT-MIX ASPHALTIC

CONCRETE MIXTURES TEXAS HIGHWAY DEPARTMENT S-317—

TYPE “D”

Coarse Aggregate—Crushed Limestone
Fine Aggregate—Limestone Screenings and Field Sand

Mixture Constant
Type of Asphalt Variable

Téomposmou OF MIXTURES, PER CENT BY WEIGHT

Series Series Series ! Series
| CD, i co co, | CD,
Crushed limestone, %" to no. 10 47.0 47.0 47.0 47.0
Limestone screenings 23.5 23.5 23.5 23.5
Sand B, field sand 23.56 23.5 23.5 23.5
Asphalt cement 6.0 6.0 6.0 6.0
(Grade of asphalt cement 0A-55 0A-90 0A-135 0OA-230
i Results of Stability Tests
| Marshall Compaction Procedure
Hveem Stability :
Stability, per cent 49.5 54.6 55.7 55.0
Angle internal friction, © 37.3 37.9 38.3 39.3
Cohesion, psi. 30 40 40 37
Marshall Stability :
Stability, 1b. 2430 1760 1530 645
Flow, in. 107 .139 080 070
Texas Highway Department
Punching Shear:
Stability, 1b. 591 334 333 71
Deformation at failure, in. .105 .132 088 056
Direct Compression :
Elastic 1imit, lb. 1400 1100 750 575
Ultimate strength, 1b. 1870 1420 1035 690
Modulus of elasticity, psi. 8600 7860 5310 4990
Cohesiometer :
Load per in. corrected
to 8" height, g. 307 162 132 60
Average voids, per cent 5.00 4.57 4.47 5.78
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Asphalt Institute Stability:
Stability. 1b.

2790

Deformation of failure, in. L14x

Average voids, per cent

H.67

TABLE 9

RESULTS OF STABILITY TESTS ON HOT-MIX ASPHALTIC
CONCRETE MIXTURES TEXAS HIGHWAY DEPARTMENT $-317—
TYPE *D”

Coarse Aggregate—Crushed Limestone
Fine Aggregate—Siliceous Sand

Aggregate Gradation Constant
Asphalt Cement OA-90 Variable
T S | COMPOSITION OF MIXTURES. PER CENT BY WEIGHT

Series : Series Series i Series
7777777777777 e o fD GD ~HD D
Crushed limestone, 1" to no. 10 57.30 56.%5 56.4 55.095
Sand ““A”, concrete sand 19.10 1x.95 1% 1%.65
Sand “B”, field sand 14.33 14.21 14.1 13.99
Limestone dust 4.77 4.74 4.7 4.66
Asphalt cement, OA-90 4.50 5.25 6.0 6.75
o T ) T Results of Stability Tests.
- 7 Marshall Compaction Procedure
Hveem Stability :
Stability value, per cent 40.0 37.0 24.0 0
Angle of internal friction, 36.6 37.5 31.% a
Cohesion, C, psi. 3% 9 10 [
Marshall Stability :
Stability value, 1b. 1170 1260 1150 960
Flow, in. 074 L121 145 283
Texas Highway Department
Punching Shear:
Stability value, lb. 194 214 213 229
Deformation at failure, in. 071 L0%= L10% 200
Direct Compression :
Elastic limit, lb. 8RO 1230 520 570
Ultimate strength, lb. 1085 1570 TH0 TX0
Modulus of elasticity, psi. 7970 102340 3340 1X10
Cohesiometer:
Average load per in. corrected
to 37 height, g. 161 150 192 186
Average voids, per cent 7.51 3.0% 2.20 1.670
R 7:7 ) i - - er\isgl\élit;ljnsﬁtute Cl’)l’TiBéCitViﬂVIIVPFDVOgdUrE B B
Asphalt Institute Stability :
Average stability, lb. 28610 3530 4130 2780
Average deformation at failure, in. .201 TS 279 320
Average voids, per cent 7.39 1.75 1.59 0.%9
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TABLE 10 - i A
. o .. all Compaction Procedure
RESULTS OF STABILITY TESTS ON HOT-MIX ASPHALTIC Hveem Stability : -
CONCRETE MIXTURES TEXAS HIGHWAY DEPARTMENT S-317— Stability, per cent 1.9 10.0 35.0 40.1
TYPE “D” Angle-internal friction. 32.1 34.3 30.5 35.0
Cohesion, C, psi. 28 32 14 27
Coarse Aggregate—Siliceous Gravel M"‘qu"‘;%F St’}lg”"‘yz 120 _
> . H j v . ) . Sand Stabi 1}y, . 112 1005 ERO R50
Fine Aggregate—Limestone Screenings and Field San Flow, in. 149 154 RS 0TR
. Texas Highway Department
Aggregate Gradation Constant Punching Shear :
Asphalt Cement OA-90 Variable Stability, Ib. 386 320 229 148
. . . . . . . Deformation at failure, in. 106 085 091 066
Series KD, LD, MD, ND Marshall Compaction Procedure Direct Compression :
Series KD_, ND_, Texas Highway Department Compactio Elastic Hmit, 1b. 990 630 475 390
. ™ T ghway Lep -ompaction Ultimate strength, Ib. 1425 870 685 530
SR S Modulus of elastieity, psi. 1990 15%0 3520 3030
COMPOSITION OF MIXTURES, PER CENT BY WEIGHT Cohesiometer :
Series Series Series . Series | Seties | Series Load per in. corrected . ) A
ND ND KD KD LD | MD to 3" height, g. 273 213 163 137
T ; T : ! éy(!rage voids, per eent 4.24 7 3.35677 2477777 i.:zﬂ
Washed river gravel e 55.6%  55.6% 55.30  55.30  54.96  54.52 . [ . Asphalt fnstitute Compaction Procedure
Limestone screenings 24,96 24.96 24.%3 24.88 24.64 24.44 Asphalt Institute Stability :
Sand “*B", ficld sand 15.36 15.36 15.28 15.28 15.16 15.04 Stability, 1b. 3770 3310 3130 2940
Asphalt cement QA-90 4.00 4.00 4.50 4.50 5.25 6.00 Deformation at failure, in. 270 269 .269 204
Results of Stability Tests Average voids, per cent R 514 354 _ 366 3.33
Hveem Stability: ’ ‘
Stability, per cent ) 37.6 46.% 37.7 29.0 40.0 22.0 T‘ABLEr 12
én}?le_intv(r:nal friction, * 1'3;4‘0 giﬁ 34* 27.6 3%3 23.9 RESULTS OF STABILITY TESTS ON HOT-MIX ASPHALTIC
Mo ohesion, Copst 29 2 = ) 3 1 CONCRETE MIXTURES TEXAS HIGHWAY DEPARTMENT 8-317—
Stability. 1b. 1040 1370 1200 1350 1005 915 TYPE “D”
Flow, in. R L L Coarse Aggregate—Washed River Gravel
Texas Highway Department . A “ .
Punching Shear : Fine Aggregate—Siliceous Sands and Limestone Dust
Stability, 1b. 260 305 274 290 320 260 regate i nsta
Deformation at failure, in. L0%0 095 092 119 L0835 L1007 Agg tg te Gradation Co S-tant
Direct Compression : Asphalt Cement OA-90 Variable
Elastic limit, 1b. 585 1050 780 820 630 530 ) i COMPOSITION OF MIXTURES, PER CENT BY WEIGHT
Ultimate strength, 1b. 740 1440 12056 1150 870 720 i Seri : " Qaries L cvime
Modulus of elasticity, psi. 6750 860 5%20 5819 4580 2660 | o Sles . Smles [ Seies
Cohesiometer: - - e oo e e —_—
L.oad per in. corrected Washﬁd river gravel 57.60 57.30 56.85 56.40
to 37 height, g. 143 156 201 258 213 239 Sand “A” concrete sand 19.20 19.10 18.95 18.X0
Average voids, per cent 7.61 2.66 6.09 68 3.36 2.05 Sand “B”, field sand 14.40 14.32 14.21 14.10
Asphalt institute Compaction Proced Limestone dust 4.80 4.78 4.74 4.70
sphalt Tnstitute Lompaction Frocedure Asphalt cement OA-90 1.00 4.50 5.25 6.00

Asphalt Institute Stability : I

Results of Stability Tests

Stability, 1b. 3045 3550 3310 2800 !
Deformation at failure, in. .190 231 269 285 5 ST S Marshall Compaction Pracedure
Avers . '1.' t R.40 7.19 3.54 .79 veem abdility :
verage voids, per ten ! 3.5 27 Stability value, per cent 34.7 31.% 25.5 0
Angle internal friction, * 32.1 31.0 26.% 13.2
Cohesion, C, psi. 37 23 6 2
TABLE 11 Marshall Stability :
RESULTS OF STABILITY TESTS ON HOT-MIX ASPHALTIC Stability. Ib. ] 623 520 570
CONCRETE MIXTURES TEXAS HIGHWAY DEPARTMENT S-317— Tex;fs“ﬁ;;i,way Department R i e =
TYPE “D” Punching Shear:
. . Stability value 145 164 51
. Coarse Aggr'egate_wa'Shed ‘Rl\'el‘ Gra\:el Deformation at failure, in. ORT 110 122 154
Fine Aggregate—Limestone Screenings and Field Sand Direct Compression :
Mi N Elastic limit, Ib. 470 400 360 350
Mixture Constant Ultimate strength, Ih. 590 520 175 530
Type of Asphalt—Variable Modulus of elasticity, psi. 3200 1690 1550 540
. s Cohesiometer :
| _COMPOSITION OF MIXTURES, PER CENT BY WEIGHT ‘Load per in. corrected
! Series |  Series |  Series |  Series to 3" height, g. 116 135 168 116
LD, i LD | LD, LD, Average voids, per cent ) 573 .42 o264 2,04
Washed river gravel 54.96 54.96 5496 51.96 o ) _ Asphalt Institute Compaction Procedure
Limestone screenings 24.64 24.64 24.64 24.64 Asphalt Institute Stability :
Sand “B”, field sand 15.16 15.16 15.16 15.16 Stability, Ib. 1735 2360 1780 1380
Asphalt cement 5.25 5.25 5.25 5.25 Deformation at failure, in. 135 144 212 227
Grade of asphalt QA-55 0A-90 0A-135 0A-230 Average voids, per cent 5.68 359 256 210
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Results of Tests on Laboratory Cut-Back
Asphaltic Concrete Mixtures

The laboratory cut-back asphaltic concrete specimens were
all made using the same aggregate combination with varying
percentages of cut-back asphalt. Three series were molded by
the Marshall method and two series were compacted by the
Texas Highway Department method. As previously indicated
the results obtained from the specimens compacted by the
Asphalt Institute method were too erratic to be of any value
and are not reported. The specimens compacted by the
Marshall method were not considered to be entirely satisfac-
tory; however, the results of the stability tests on these speci-
mens are shown. The test results obtained by the various
stability tests on the five series of cut-back asphaltic concrete
mixtures are shown in Table 13. The subscript T designates
the two series compacted by the Texas Highway Department
procedure. The composition of the mixtures is shown in
Table 4.

TABLE 13
RESULTS OF TESTS ON CUT-BACK ASPHALTIC CONCRETE
TEXAS HIGHWAY DEPARTMENT 5-309—TYPE “M”
Coarse Aggregate—Crushed Limestone
Fine Aggregate—Siliceous Sands
Aggregate Gradation Constant
Asphalt Content Variable—RC(C-2

Marshall Compaction Procedure—BM_ , DM, EM
M M M

Texas Highway Department Compaction Procedure——BMT, EMT

COMPOSITION OF MIXTURES, PER CENT BY WEIGHT

Series |  Series ' Series |  Series Series

BM ; BM i DM EM EM
: T Mo M T i M
Crushed limestone, 14" to no, 10 65.80 65.80 65.45 65.45 66.15
Sand ““A", concrete sand 14.10 14.10 14.02 14.02 14.17
Sand “B”, field sand 14.10 14.10 14.03 14.03 14.18

RC-2 cut-back asphalt 6.00 6.00 6.50 5.75707 5:50
: Results of Stability Tests

Hveem Stability :

Stability, per cent 43.2 19 23 50.4 20.4
Angle of internal friction, © 37.2 26.9 25.1 3%.6 26.4
Cohesion, psi. 17 35 39 38 34
Marshall Stability :
Stability, 1b. 710 115 185 240 220
Flow. in. OR2 077 .099 .081 081
Texas Highway Department
Punching Shear:
Stability, Ib. 105 A8 37 102 38
Deformation at failure, in. 114 111 L0835 L0811 L1038
Direct Compression :
Elastie limit, 1b. 475 225 125 480 300
Ultimate strength. 1b. 570 315 150 695 412
Modulus of elasticity, psi. 4380 2615 940 5670 2820
Cohesiometer :
Load per in. corrected
to 3” height, g. 94 62 57 &R 64

Average voids, per cent 7.63 1_5.06 15.23 893 16.06
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Results of Tests on Hot-Mix Asphaltic Concrete Mixtures
From Texas Highway Department Construction Projects

The results of the Stability tests on the five hot-mix
asphaltic concrete mixtures furnished by the Texas Highway
Department from their construction projects are shown in
Tables 14 and 15. The composition of the mixtures as deter-
mined by field extraction tests is shown in Table 5. Table 14
presents the results of the stability tests on the three Type “D”
asphaltic concrete mixtures. The mixtures compacted by the
Marshall method are designated by the subscript M and the
mixtures compacted by the Texas Highway Department method
by the subscript T. Table 15 shows the results of the tests on
the two Type “C” asphaltic concrete mixtures.

TABLE 14

RESULTS OF TESTS ON MIXTURES OBTAINED FROM TEXAS
HIGHWAY DEPARTMENT CONSTRUCTION PROJECTS CONFORM-
ING TO HOT-MIX ASPHALTIC CONCRETE S-317—TYPE “D”
Marshall Compaction Procedures—SB , SG_ ., SU

M M M

Texas Highway Department (‘ompaction—SBT, SGT, Sl'T

—_COMPOSITION OF MIXTURES, PER CENT BY WEIGHT

Series Series . Series Series Series Series
SB SB SG SG SU Su
T M T M T
From Field Extraction;
Pass %" ret'd. no. 10 52.0 52.0 b 54.8 19.4 19.4
Pass no. 10, ret’d. no. 200 40.0 40.0 36.5 36.5 40.7 40.7
Pass no. 200 3.6 3.6 3.% 3.8 5.3 5.3
Asphalt cement 4.4 4.4 4.9 4.9 4.6 4.6
Grade of asphalt OA-90  0OA-90 0A-230 OA-230 OA-230 0OA-230
Results of Stability Tests
Hveem Stability :
Stability, per cent 55.0 56.0 63.7 57.0 63.7 5K
Angle internal friction, * 34.5 35.6 38,4 JE.R 39.5 37.6
Cohesion, C, psi. 49 47 53 36 bbH 51
Marshall Stability :
Stability, 1b. 1285 2280 930 1345 1740 2050
Flow, in. 2107 L10¥ 091 1% 120 144
Texas Highway Department
Punching Shear:
Stability, 1b. 375 479 142 155 310 349
Deformation at failure. in. LORG .093 069 L0%4 117 .093
Direct Compression :
Elastic limit, Ib, 1630 1450 540 %00 1280 1770
Ultimate strength, Ib. 1920 1740 730 1030 1795 2250
Modulus of elasticity, psi. 13150 11960 4530 ¥R30 9960 18504
Cohesiometer :
Load per in. corrected
to 3" height, g. 213 285 73 101 158 251
Average voids, per cent 5.14 2.16 4.8% 2.72 5.19 2.14

Asphait Institute Compaction Procedure

Asphalt Institute Stability :
Stability, lb. 3490 2390 4350
Deformation at failure, in. 378 252 .343

Average voids, per cent 9.8% - .06
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TABLE 15

RESULTS OF TESTS ON MIXTURES OBTAINED FROM THE TEXAS
HIGHWAY DEPARTMENT CONSTRUCTION PROJECTS CONFORM-
ING TO HOT-MIX ASPHALTIC CONCRETE 8-317—TYPE “C”

Marshall Compaction Procedures——SC“, SPM

Texas Highway Department Compaction——SCT SPT

T - | COMPOSITION OF MIXTURES, PER CENT BY WEIGHT

; Series Series I Series i Series
| sp : SP : SC | SC
| M T 1 | T
From Field Extraction:
Pass 17 screen, ret’d. no. 10 55.9 55.9 59.5 59.5
Pass no. 10, ret’d. no. 200 35.5 35.5 29.3 29.3
Pass no. 200 4.6 4.6 5.1 5.1
Asphalt cement 4.0 4.0 6.1 6.1
Grade asphalt cement 0QA-90) OA-90 0OA-135 OA-135

T ~Results of Stahility Tests

Hveem Stability :

Stability, per cent 54.8 57.2 52.8 49.8
Angle of internal friction, © 35.5 38.0 34.0 31.4
Cohesion, C, psi. 49 39 55 65
Marshall Stability :
Stability, Tb. 1240 1460 2200 2115
Flow, in. .099 082 .158 L1168
Texas Highway Department
Punching Shear:
Stability, b, 370 239 410 574
Deformation at failure, in. 075 L07R .09¢6 .099
Direct Compression :
Elastie limit, 1b. 1370 900 1400 2070
Ultimate strength, Ib, 1590 1120 1930 2660
Modulus of elasticity, psi. 14 500 RBTH 2000 15,250
Cohesiometer :
Load per in, corrected
to 3” height, g. 119 150 269 332
Average voids, per cent 4.83 2.97 2.72 1.08

o Asphalt Institute Compaction Procedure

Asphalt Institute Stability :

Stability, 1b. 2060 3700
Deformation at failure, in. J22% .430
Average voids, per cent 7.56 6.32

CORRELATIONS BETWEEN THE STABILITY TESTS

The primary objective of this research project was to
determine whether or not any correlation exists between the
six stability tests studied. It seems reasonable to expect that
if correlation is found to exist between the stability test results
for all of the mixtures tested in this project then it probably
exists for similar mixtures not actually tested. In order to
study the correlation between the various stability values they
were plotted against each other. The results of plotting the
values in this manner are shown in Figures 14 to 34 which
follow. These figures show clearly and simply the relationship
between the various stability values.

TESTING ASPHALTIC CONCRETE 11
The relationships for the elastic limit i i

press.ion‘alje not plotted because the ultrinrrllixt;nsg}ergc‘;hcom_
elast;c limit values practically parallel each other g d e
plottlng .of the elastic limit values would not indicaﬁ;1 e
mformatan not shown by the plotting of the ultimate strg atnlrf’
The cohesion as determined from the Hveem stability testng '
not plotted because of the lack of consistency in the \;alwa§
None of the deformation values were plotted for correla‘?es’
purposes, but they are shown in Figures 35, 36, and 37 fo tlon
laboratory hot-mix asphaltic concrete series. J " the

N Figure 14 shows the relationship between the Hveem st
bility and the angle of internal friction obtained from St;:_
_Hveem stability test data. Since the Hveem stability val .
is generally considered to depend primarily upon the an lie
of 'mtern.al friction it was expected that good correlation woflg
exist. Figure 14 confirms this since it shows good correlati
befcw.een the Hveem stability value and the angle of internm}
frlct'u?n. Figure 15 shows the relationship between the Hve .
stablhty and the cohesion determined from the cohesiome(zm
test. Figure 15 indicates complete lack of correlation betweeerI;

the Hveem stability and the cohesion ;
R as d
cohesiometer test,. etermined by the
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Figures 16 to 20 show the relationship between the Hveem
stability values, the angle of internal friction from the Hveem
stability test data and the Marshall stability, the Texas High-
way Department punching shear stability, the ultimate
strength in direct compression, the modulus of elasticity in
direct compression, and the Asphalt Institute stability re-
spectively.

Examination of Figures 16 to 20 indicates that no con-
sistent relationship exists between the Hveem stability or the
angle of internal friction and any of the other stability values
with the possible exception of the modulus of elasticity in
direct compression. It will be noted that the lack of any
consistent relationship applies equally well to individual series
and to groups of series.

Figure 19 shows the relationship between Hveem stability,
angle of internal friction, and modulus of elasticity. The mod-
ulus of elasticity values were found to be quite variable between
individual tests on specimens from the same mixture. It was
very difficult to repeat results for modulus of elasticity. For
these reasons it is questionable whether or not the very ap-
proximate correlation indicated by Figure 19 can be considered
to have any meaning.
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Figures 21 to 25 show the relationship between the coheston
as determined by the cohesiometer test and‘the Marshall ? ta-
bility, the Texas Highway Department pun(_:hmg shear stabili yf,
the ultimate strength in direct compression, the mgdulusto
elasticity in direct compression, and the Asphalt Institute sta-

bility respectively.

Figure 21 indicates fair correlation bet.ween~thhe Marihall
stability and the cohesion. While the relatlonsnlp 1s.tar1 r'oin
perfect it does indicate that the Marshall s‘cablh_ty is c‘ otse g
allied to the cohesion as measured by the cohesiometer test.

Figure 22 shows rather good correlation between the Te.xas
Highway Department punching shear values and the cohesmnt;
The correlation in this case seems to be good enough to.warraill
the conclusion that these two tests measure essentially the
same characteristics of the material.

ioures 23 and 25 indicate a rather general but ‘not yery
precilegureel;tionship hetween the ultimate strength in dlretgt
compression and the cohesion and between the Asphalt II;;S. 11-
tue stability and the cohesion. The only conclusion w ;(r:ll
seems justified in either case is that the valugs trgr‘ld in e
same direction; that is, the ultimate strength in direct com-
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Figure 22. Relationship between cohesion and Texas Highway De-
partment punching shear stability.

pression and the Asphalt Institute stability values generally
increase with an increase in cohesion. Groups of series do not
follow this pattern in all cases.

Figure 24 shows that there is no correlation between cohe-
sion as measured by the cohesiometer and the modulus of
elasticity determined from the direct compression test.

Figures 26 to 28 show the relationship which exists between
the Marshall stability and the Texas Highway Department
punching shear, the ultimate strength in direct compression,
the modulus of elasticity in direct compression, and the Asphalt
Institute stability.

The correlation between the Marshall stability and the
Texas Highway Department punching shear is rather good as
shown in Figure 26. Since both of these stability values showed
good correlation with cohesion it seems logical that there
should be good correlation between them.

Figure 27 also indicates a rather consistent relationship
between the Marshall stability and the ultimate strength in
direct compression. The correlation is good enough to indicate
that these stability values measure essentially the same char-
acteristics of the materials.
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Figure 29 indicates a general relationship between the
Marshall stability and the Asphalt Institute stability. The
relationship is not consistent enough to warrant a conclusion
that the two values show good correlation.

Figures 30 to 34 show the relationship between the Asphalt
Institute stability, the Texas Highway Department punching
shear stability, the ultimate strength in direct compression,
and the modulus of elasticity in direct compression.

Figure 30 shows fair correlation between the Texas High-
way Department punching shear and the ultimate strength
in direct compression.

Figures 31 and 34 indicate that no consistent relationship
exists between either the Texas Highway Department punch-
ing shear or the Asphalt Institute stability and the modulus
of elasticity in direct compression.

Figure 32 shows little, if any, correlation between the
Texas Highway Department punching shear stability and the
Asphalt Institute stability.

Figure 33 shows some correlation between the ultimate
strength in direct compression and the Asphalt Institute sta-
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indicate that this lubrication with its corresponding drop in
Hveem stability and angle of internal friction occurs when
the voids, measured by the procedure used, at normal air
temperature, are reduced to about two per cent. The Hveem
stability and angle of internal friction values go down rapidly
for mixtures showing about two per cent voids or less.

Figures 35 and 36 show that the Hveem stability and the
angle of internal friction are independent of the hardness of
the asphalt cement used in the mixtures. The curves for
both the CD series and the LD series show that both the Hveem
stability and the angle of internal friction remain practically

constant as the type of asphalt cement is varied from OA-55
to OA-230.

The effect of variations in the characteristics of the aggre-
gates on the Hveem stability and the angle of internal friction
is also illustrated by Figures 35, 36, and 37. For maximum
values, values at 5.25 per cent asphalt content, and values
interpolated at four per cent voids the curves show the follow-
ing values for the Hveem stability and the angle of internal

friction for those specimens compacted by the Marshall pro-
cedure with OA-90 asphalt cement.

" HVEEM STABILITY | B ANGLEOF
S R INTERNAL FRICTION
| Per Cent I _Deyrees T
} At5.25¢;, - Atac; At5.25';  At4c;

) ) i Maximum  Asphalt  Voids | Maximum Asphalt Voids
Crushed limestone T T - )
coarse aggregate,
limestone sereenings 5%.4 8.4 49 40.4 3%.9 25
and field sand
Crushed limestone
coarse aggregate,
siliceous sand, 400 37.0 37.5 37.5 375 37
field sand and
limestone dust
Gravel coarse
aggregate, lime-
stone screenings 40.0 40.0 40 34.K 34.3 34
and field sand
Gravel coarse
aggregate, siliceous
sand. field sand 35.4 25.5 29 32.1 26.% 30

and limestone dust

The validity of interpolating on the curves for the values
shown at four per cent voids is gquestionable particularly for
those cases in which there is considerable variation between
the two values interpolated between.

The results show that both the Hveem stability and the
angle of internal friction determined from the Hveem data
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indicates that, for the mixtures tested, the variation in the
characteristics of the aggregates is indicated in the same
general way by these three stability tests. The Texas High-
way Department punching shear values are influenced in a
different manner by the variations in the aggregates. The
punching shear values seem to be primarily dependent upon
the characteristics of the fine aggregate.

The cohesion values as meagured by the cohesiometer are

shown by Figures 35, 36, and 37 to be primarily dependent

upon the asphalt content. In the case of all the series except

the PD, QD, RD, aD, series the cohesion increased with an

increase in asphalt content. The single exception, the drop

in cohesion for series RD, is considered to be due to the fact

that this mixture was very rich in asphalt (low voids). It is

probable that if higher asphalt contents were used for the
other mixtures the same drop in cohesion would be had for
these mixtures. The RD series mixture was so rich in asphalt
that it was difficult to mold.

of aggregate are not reflected by any
consistent variation in the cohesion values from the cohesio-
meter test. variations in the hardness of the asphalt cement
used are indicated by rather pronounced changes in cohesion
values. Comparison of the results for the CD series and LD
series, Figures 35 and 36, show, however, that the variation
in cohesion with changes in hardness of the asphalt “is not
entirely independent of the aggregate.

ty as measured by the different sta-
for the various
dicated by the

variations in type

The maximum stabili
pility tests occurs at different asphalt contents
tests. No consistent manner of variation is in
test results.

Figures 35, 36, and 37 show the variations in the deforma-
tion measured for the various stability tests. The deformation
values generally increase with an increase in asphalt content
thus indicating the increase in the plasticity of the mixtures.
Examination of these deformation values, the flow for the
Marshall stability test, and the deformation at maximum load
for the Texas Highway Department punching shear and for
the Asphalt Institute stability test reveals nothing of value
except a very general correlation between the deformation
values and cohesion as measured by the cohesiometer.

36, and 37 also show the cohesion values

obtained from the Hveem stability test. These values do not
show any consistent variation and do not show any consistent
relationship to tke cchesion values asS determined with the

Figures 35,
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voids for all except series RD. The differences for these series,
however, are quite small averaging only slightly more than 0.2

per cent.

The Texas Highway Department compaction procedure
gave smaller voids than the other procedures in all cases. For
the AD, BD, CD, SP, SC, 8B, SG, and SU series the Texas
Highway Department compaction procedure produced voids
averaging 3.1 per cent less than those obtained by the Marshall
compaction procedure and 6.1 per cent less than those for the
Asphalt Institute compaction procedure.

The densities obtained by the Texas Highway Department
field forces on mixtures SP, SC, SB, SG, and SU were in all
cases higher than those obtained for these mixtures in this
research project. The voids obtained by the field forces were
3.9, 2.8, 5.2, 6.0, and 5.2 respectively. Examination of Tables
14 and 15 indicates good agreement between these values and
those obtained for the Marshall compaction procedure. No
explanation can be given for this discrepancy in the results
obtained. In view of the variation no firm conclusions as to
the relative density obtained by the Texas Highway Depart-
ment procedure as compared to the other procedures is war-
ranted. This problem must be the subject of additional study.

The considerable differences in density obtained for the
three compaction procedures and the considerable differences
in stability values for the same mixtures compacted by the
Marshall and Texas Highway Department procedures discussed
in the following section indicate that the manner of compaction
is very important. The results of the limited tests in this
project using three compaction procedures show that agree-
ment on a compaction procedure will have to precede any
general agreement on the proper stability test. In addition
to the compaction procedures investigated here, the kneading
compaction procedure used in California® and the double
plunger procedure recommended by the American Society of
Testing Materials (D 1074-49T)! are widely used.

EFFECT OF COMPACTION BY THE MARSHALL AND
TEXAS HIGHWAY DEPARTMENT METHODS
ON THE STABILITY VALUES

Tables 7, 10, 13, 14, and 15 along with Figures 35 and 36
show the relations which exist between the stability values for
the specimens of the various mixtures compacted by the
Marshall and Texas Highway Department procedures.
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test than for any of the other test procedures. This was
particularly true of the modulus of elasticity values.

The higher values obtained for the Marshall stability,
Texas Highway Department punching shear stability and for
the elastic limit and ultimate strength in direct compression
can probably be accounted for by the higher cohesion obtained
for the Texas Highway Department compaction procedure.

GENERAL

One of the difficulties encountered in developing the data
for this research project was the lack of agreement between
individual test specimens for the same mixture. Extreme care
was necessary in maintaining uniformity in the procedures
for preparing the specimens in order to obtain reasonable
agreement. Even when such care was exercised the test
values were sometimes erratic and it was necessary to repeat
the tests. The poorest test from the standpoint of reliability
of individual values was the direct compression test. The
poorest physical property recorded from the standpoint of
agreement between individual specimens of the same mixture
was the modulus of elasticity. Generally specimens compacted
by the Texas Highway Department procedure gave more uni-
form results than those compacted by the Marshall procedure.
The differences were not great, however.

The use of paraffin for coating the samples to prevent the
entrance of water during the specific gravity determination
was a source of difficulty. On specimens which had some
surface roughness the paraffin penetrated the open voids and
was very difficult to remove completely. If the paraffin was
not all removed it would melt when the specimens were raised
to 140°F. and permeate the specimen thus very materially

reducing the stability values.

Some of the points covered by this research require addi-
tional study. The relation of the density or percentage of
voids for the Marshall and Texas Highway Department com-
paction procedures needs additional study. Adapting the
Marshall compaction procedure and the Asphalt Institute com-
paction procedures to compaction of cut-back asphaltic con-
crete mixtures and other cold mixtures is worthy of consider-

ation.

This research project has been confined to a study of the
relations which exist between the results obtained by a number
of laboratory test procedures for determining the stability of
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asphalt. No consistent relationship existed between the type
of aggregate and the cohesion.

7. The Marshall stability, Texas Highway Department
punching shear stability, ultimate strength and elastic limit
in direct compression, and the Asphalt Institute stability all
show the same type of variation in stability with variation in
asphalt content for a given aggregate. The stability values
rise to a peak at a given asphalt content and then fall. How-
ever, the maximum stability does not occur at the same asphalt
content for the different test procedures. These stability
values depend both on internal friction and on cohesion. The
stability values rise with increasing cohesion and fall when
the asphalt content is hish enough to begin to lubricate the
mixture and reduce internal friction.

8. The Marshall stability, the ultimate strength in direct
compression, the Asphalt Institute stability, and the Hveem
stability, based on maximum stability values, all indicated
approximately the same differences in characteristics for the
four aggregate combinations used in the laboratory hot-mix
asphaltic concrete mixtures. This is true only for mixtures
prepared with a given grade of asphalt cement by the Marshall
compaction procedure.

9. The Marshall stability, Texas Highway Department
punching shear stability, ultimate strength and elastic limit
in direct compression, and the Asphalt Institute stability all
vary with varying hardness of the asphalt cement. The
stability values increase with increasing hardness of the
asphalt cement thus reflecting the change in cohesion.

10. For mixtures with high internal friction the Marshall
compaction procedure produced denser specimens than did the
Asphalt Institute compaction procedure. The two procedures
produced very nearly the same density for mixtures with low
internal friction due either to the characteristics of the aggre-
gate or to high asphalt content producing lubrication in the
mixture,

11. For the limited number of mixtures studied the Texas
Highway Department compaction procedure produced denser
mixtures than did the Marshall or Asphalt Institute compac-
tion procedures.

12. Comparison of stability values for specimens compact-
ed by the Texas Highway Department compaction procedure
with those compacted by the Marshall compaction procedure
shows the following to be true.
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