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Effects of Asphalt Properties on Indirect 
Tensile Strength 

NORMAN W. GARRICK AND RAMESH R. BISKUR 

he indirect tensile te t n asphalt oncrnt mixe. is a frequently 
u ed procedure for as es ing likely pavement performance . ur· 
rently , the indirect tensile te. t i. most commonly u ed for pr -
viding inf rmation on moi ture usceptibility. However, the indi· 
rect tensi le test may 11 lso be used t determine engineering 
propc rtie~ necde.d for ela tic and viscoe lastic an:1lyscs ;ind for 
evaluating thennal cracking, fatigue cracking, and pmcmial prol -
lem with tenderness. Given the import ance f this te t. there 
appear to be a lack of information on the facror that detemiine 
indirect tensile trength (IDT ) of aspha lt mixe . on equently , 
the effects f asphalt compo ition and physical properties on IDTS 
values were obtained. Mixe were made with 15 dif(erent type 
of asphalt and with 2 different types of aggregate (traprock and 
grave l). Asphalt compo it ion was characrerizcd by gel permeation 
chroma1.0grnphic analy i . Th penetrat ion of the thfo· film oven 
test residue and IDTS value w r trongly correlated. The lDTS 
values increa e as penetration decreases. Asphalt compo.ition 
also plays a significant role in determining the IDT values of 
traprock mixes. Asphall composi1i m seem t account for dif· 
ferenc s C)f up to 55 percent in JOTS values of traprock mixes. 
However, the effect of asphalt comp<> ition on gravel mixes appears 
LO be much less pronounced. 

The indirect tensile test on asphalt concrete mixes is com­
monly used to assess moisture susceptibility. However, the 
indirect tensile test may al be u ed to det rmine engineering 
properties needed for ela tic and vi coela ' lie analyse and 
for evaluatil1g thermal crackin~ and fat igue cm king (1). But­
ton and his associates (2) hav used this test as part of a system 
of evaluating mixes for problems with tenderness . 

Little information exists about the factors that determine 
indir ·t t n ile trength (TDTS) of a mix. Some reports (3-
5) have ex<tmined hO\ IDT values vary with mix properties 
such as air void and asphalt content. But few reports concern 
the rela tionship between asphalt properties and TOTS values 
(6). The possible effects of asphalt composition have not been 
examined at all. 

Some f the e factors , mainly the effects of asphalt prop­
erties on rDTS values, arc xamined here. he asphalt prop­
erties considered are con i tency and c mpo. ition. Mixe were 
made with 15 different asphalts from various sources nation­
wide. A phalt composition was characterized by gel permea­
tion chromatographic (GP ) analysis. 

Fifteen asphalts from six suppliers were used for this proj­
ect. These asphalts are characterized in Table 1. Details of 
the test programs for the asphalts and the asphalt mixes are 
discussed in the following sections. 
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ASPHALT CEMENT TEST PROGRAM 

The program of physical tests included viscosity (140°F) and 
penetration (77°F) ratings for all 15 asphalts and for residues 
of the asphalts after thin-film oven aging. The compositional 
test consisted of GPC analyses. 

The GPC system included three ultrastyragel columns con­
nected as specified in the order of 1,000, 500, and 500 Ang­
strom pore size . Tetrahydrofuran (THF) was used as both the 
solvent and the mobile phase in the system. Fifty microliters 
of a 0.5 percent asphalt solution was injected and allowed to 
flow at a rate of 1 mL/min through the columns. The detector 
used was a multiwavelength ultraviolet detector that was set 
at a wavelength of 290 nm. 

GPC parameters were obtained from the GPC profiles using 
a modified form of a procedure that was developed at Purdue 
University (7). The procedure used in this project consisted of 
dividing the GPC profile into 12 equal-time segments, as opposed 
to the 8 unequal-time segments originally used (see Figure 1). 
The re. ulting GP parameters, designated Xl to Xl2, am the 
percentages of total area under the curve in each segment. 
Molecular size can be assumed to decrease from Segment 1 to 
Segment 12. The GPC parameters represent the proportion of 
asphalt molecules of a given size. This interpretation should be 
applied with caution, however, because many factors affect the 
apparent size of an asphalt molecule (7). 

ASPHALT CONCRETE MIX TEST PROGRAM 

Eight different types of asphalt concrete (AC) mixes were 
made for each of the 15 asphalts. Half of the mixes were made 
with traprock and the other half with a river gravel. Mixes 
were made with two different asphalt contents (4.8 and 5.5 
percent) and were compacted to two different air void con· 
tents (6 and 8 percent), resulting in a total of four types of 
mixes for each aggregate. Two replicates of each type of mix 
were tested. 

The required degree of compaction was obtained by using 
a gyratory compactor in a constant high mode. The gradation 
of the mixes was the middle gradation of the Connecticut 
Class II mix, as follows: 

Sieve Size 

'Ii in. 
3/s in . 
#4 
#8 
#50 
#200 

Percent Passing 

100 
80 
67 
52 
17 
5 

Table 2 presents data on the specific gravity and absorption 
rate of the aggregates. 
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TABLE 1 ASPHALTS USED IN PROJECT 

A11111l1111Hsi, !:.'!Ill£!!! SMlll!lllr SIBll 

NE5 AC·S New Bituminous Rhode Island 
NE10 AC-10 New Bituminous Rhode Island 
NE20 AC·20 New Bituminous Rhode Island 

DS AC·S Diamond Shamrock Texas 
D10 AC-10 Diamond Shamrock Texas 
D20 AC-20 Diamond Shamrock Texas 

AS AC·S Ashland Kentucky 
A10 AC-10 Ashland Kentucky 
A20 AC-20 Ashland Kentucky 

ES AC·S Edgington Callfornla 
E20 AC-20 Edgington California 

CAGS AC·S Guyott Connecticut 
CAG20 AC-20 Guyott Connecticut 

CP10 AC-10 Chevron New Jersey 
CP20 AC-20 Chevron Connecticut 
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GPC Parameters 

FIGURE 1 Typical GPC profile. 

The IDTS value of each mix was determined at room tem­
perature (about 75°F) using the Mar hall test apparatu . The 
test frame for this procedure c nsi ted of two curved I ading 
strips each 0.5 in. wid . The load was applied at a rate of 2 
in./min , and the load at fai lure was recorded . 

RESULTS 

The results of the phy ical tests and the GP analy es for the 
15 asphalts are presented in Tables 3 and 4 respective ly. A 
sample of the GPC profiles is also hown in Figure I. Tables 
5 and 6 present the indirect ten ile test· results for the A 
mixes. 

Regression analysis was used to evaluate the relationship 
between IDTS and the asphalt properties . The results of these 
analys are u ed to discuss the effects of asphalt consi tency 
and composition on mTS in the following ection . TI1e effect 
of aggregate type and of asphalt and void content are als 
discussed. 

TABLE 2 SPECIFIC GRAVITY AND ABSORPTION OF 
AGGREGATES 

Specific Gravity 
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Aggregate Type Bulk Apparent Absorption (%) 

Coarse fraction 
Trap 2.89 2.97 0.96 
Gravel 2.63 2.73 1.39 

Fine fraction 
Trap 2.84 3.03 2.27 
Gravel 2.60 2.69 1.26 

Effect of Consistency 

A summary of the re ults of regression analyses relating IDTS 
values to the various mea ure of con i tency is presented in 
Table 7. These results show that the penetration (at 77°F) 
and viscosity (at 140°F) f the original a phalt correlared with 
CDTS. The penetration (at 77"F) and vi cosity (at 140°F) of 
the thin-film oven le t (TFOT) residue also correlated ·ig­
nificantly . However the be t correlation (highest r2 value) 
was obtained using penetration (77°F) of the TFOT re idue 
for all eight mix types. 

From a theoretical point of view, these results are not unex­
pected. Becau e of the similarity in test temperature , pen­
etration at 77°F would be expected to give better correlations 
with ten ile trength than would vi cosity at 140°F. ln addi­
tion , the con istency of the TFOT residue is probably closer 
to that of the asphalt in the mix than i the con i ·tency of the 

riginal a. phalt. 
hese results though not urprising , do suggest that the 

relation hip betwe n aspha lt and mix propertie must be fully 
under tood in terms of the characteristics of the asphalt in 
the mix rather than those of the original asphalt. Unfortu­
nately, no tests were run on asphalts extracted from the mixes. 

More detailed results of the regre sio.n analy. e for pene­
tration of the TFOT residue and IDTS are presented in Table 
8 for the eight types of mixes. The relationship between these 
two variable is also shown in Figure. 2-9 for each of the 
mixes. In all cases, the regression functions show that IDTS 
increase a penetrati n decreases. However, the lope of this 
relation ·hip is ignificantly affected by aggregate type. The 
slope varied from 0. 74 to 0.82 for traprock, and from 1.00 to 

TABLE 3 PHYSICAL PROPERTIES OF TEST ASPHALTS 

Qrlglnal Asehelt TFOTRuldue 
AID!llll ~IZ eaOllClllOD ~ l!IDllCIUQD YlllAll1ll 

11111m.zz~ ~ l>.lllm.~ ~ 

NE5 187 588 109 1344 
NE10 110 1035 79 2155 
NE20 68 1945 58 3957 

05 203 424 133 753 
010 122 896 78 1551 
020 70 2237 57 3859 

A5 114 538 97 1033 
A10 96 1096 58 1816 
A20 74 2023 54 3837 

E5 140 547 88 1107 
E20 SS 1711 38 3572 

CAG5 177 481 126 1224 
CAG20 77 2149 54 4452 

CP10 117 1089 78 2947 
CP20 91 1926 55 5449 



TABLE 4 RESULTS OF GPC ANALYSES 

Asphalt No. X1 X2 X3 X4 X5 X6 X7 XS X9 X10 X11 X12 

NS 5.02 12.65 14.56 16.67 16.17 13.63 10.25 6.29 3.40 1.05 0.26 0.05 
TNS 5.38 13.80 15.14 16.54 15.91 13.30 9.89 5.89 3.08 0.87 0.17 0.03 
N10 4.18 12.62 15.26 17.68 17.15 13.94 9.70 5.53 2.82 0.86 0.19 0.03 

TN10 10.92 15.97 14.95 15.61 14.84 11.92 8.20 4.65 2.20 0.63 0.11 0.01 
N20 3.95 12.50 15.44 18.42 17.93 14.04 9.20 5.03 2.45 0.110 0.20 0.04 

TN20 8.59 16.01 15.46 16.43 15.89 12.42 8.03 <4.33 2.01 0.69 0. 13 0.02 

05 5.11 14.87 19.57 21.07 17.84 11.35 5.116 2.58 1.03 0.45 0.14 0.03 
T05 5.118 16.42 20.01 20.46 17.01 10.71 5.54 2.36 0.94 0.<41 0.12 0.02 
010 5.02 15.10 111.67 20.93 17.63 11.211 6.01 2.65 1.09 0.43 0.14 0.03 

T010 6.36 16.65 111.112 20.12 16.611 10.62 5.60 2.44 1.00 0.44 0.14 0.03 
020 5.44 15.38 111.63 20.63 17.35 11.19 5.98 2.66 1. 11 0.45 0.15 0.03 

T020 7.01 17.38 20.25 20.19 16.24' 10.00 5.30 2.22 0 .89 0.38 0.12 0.03 

AS 1.11 10.40 14.95 21.47 22.04 15.12 8.42 4.00 1.74 0.54 0.13 0.03 
TA5 3.11 11.74 15.48 20.61 20.9<4 14.35 7.87 3.66 1.56 0.53 0.13 0.02 
A10 2.64 10.30 1<4.10 19.15 20.40 15.60 9.60 4.95 2.30 0.74 0.16 0.03 

TA10 3.34 11.54 14.63 18.79 19.70 14.92 9.14 <4.71 2.14 0.87 0.19 0.03 
A20 4.55 12.38 14.99 18.21 111.44 14.21 9.10 4.90 2.29 0.74 0.16 0.03 

TA20 5.40 13.27 15.42 18.11 18.10 13.78 8.70 4.55 2.03 0.57 0.07 0.00 

ES 1.00 5.84 11.90 18.20 20.41 18.64 13.80 6.71 2.66 0.69 0.13 0.02 
lE5 2.28 9.25 13.74 17.57 18.11 17.01 12.43 5.15 2.25 0.68 0.12 0.02 
E20 1.27 6.16 12.41 18.83 20.98 18.73 12.118 5.10 2.20 0.59 0.12 0.02 

lE20 2.54 8.86 13.71 18.011 19.50 17.35 11.90 5.31 1.95 0.67 0.13 0.02 

CAG5 4.22 12.32 15.11 17.87 17.44 14.06 9.84 5.41 2.77 0.86 0.19 0.03 
TCAGS 5.35 13.49 15.15 17.28 18.77 13.51 9.22 5.23 2.80 1.12 0.23 0.04 
CAG20 4.18 12.11 14.54 17.00 18.58 14.02 10.44 8.S6 3.35 1.04 0.25 0.05 

TCAG20 5.47 13.86 15.11 16.60 15.90 13.31 9.77 5.15 3.01 0.89 0.19 0.03 

CP10 5.36 13.13 15.72 17.20 15.91 13.03 9.65 5.75 3.01 0.96 0.23 0.05 
TCP10 9.26 15.22 15.48 15.88 14.83 12.02 8.84 5.15 2.58 0.80 0.15 0.02 
CP20 4.73 12.93 15.64 17.21 16.21 13.52 9.84 5.70 2.94 0.94 0.27 0.05 

TCP20 6.95 14.62 15.66 16 .64 15.44 12 .64 D.14 5.28 2.64 0.80 0.18 0.03 
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TABLE 5 IDTS OF TRAPROCK MIXES 

Indirect Tensile S1rength(e:!ll 
Asphalt 11"/~olds 6°&.llillds 
Number 4.8%AC 5.5%AC 4.8%AC 5.5%AC 

NES 38 37 37 39 
NE10 57 62 59 58 
NE20 62 62 70 69 

05 39 36 45 42 
010 55 58 66 57 
020 86 86 85 80 

AS 39 33 41 33 
A10 74 54 67 59 
A20 77 77 87 85 

ES S7 S2 49 48 
E20 106 99 111 108 

CAGS 48 46 so 43 
CAG20 S8 6S 67 66 

CP10 46 48 so 43 
CP20 7S 72 78 78 

Average 61 S9 64 61 

TABLE 6 IDTS OF GRAVEL MIXES 

Indirect Tensile Strength (psi) 
Asphalt 8%Volds 6%Volds 
Number 4.8%AC 5.S%AC 4.8%AC S.S%AC 

NES 6S S2 62 63 
NE10 91 71 78 71 
NE20 101 93 108 103 

OS 4S 39 40 38 
010 80 77 7S 83 
020 136 132 142 129 

AS 49 47 48 47 
A10 74 76 78 83 
A20 101 96 72 108 

ES S7 48 61 60 
E20 179 1SS 138 133 

CAGS 4S 42 42 42 
CAG20 97 112 120 121 

CP10 S8 so 67 67 
CP20 108 89 100 103 

Average 86 79 82 83 

TABLE 7 RESULTS OF REGRESSION ANALYSES: 
IDTS VERSUS ASPHALT CONSISTENCY 

E1-1auartd IQ! h1sf1mad1ol !l1t11b:la 

Penotretlon Vlsco1lly ~ntlrtllon Viscosity 
... Ttp! zrF. Ot!pJnal 1400f Ct!QIOl l n •f IfOT 14()"E.JF!lT 

T .... 0.69 0.60 0.78 0.50 
8%voldt, 4.8%AC 

T .... 0.71 0.73 o.n 0.65 
8%voldt, 5.5%AC 

T .... 0.7S 0.71 0.81 0.62 
6"'voldt, 4.8"'AC 

T .... 0.72 0.75 0.81 0.66 
6"'vold1, 5.5%AC 

Gravel 0.76 0.75 0.82 0.66 
8%vold1, 4.8"'AC 

Gravel 0.84 0.82 0.86 0.67 
8"'voldt, S.S%AC 

Gravel 0.76 0.80 0.80 0.71 
6"'vold1, 4.8%AC 

Gravel 0.81 0.89 0.89 0.79 
6"'voldt, 5.5%AC 
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1.11 for the gravel mixes . To a smaller extent , the slope was 
also affected by a phalt content . Larger slope values were 
obtain d for those mixes with the higher a ·phalt content (5.5 
percent). 

The difference in slopes means that a change in penetration 
will cause a much larger change in the IDTS of a gravel mix 
than that of a trap rock mix . Because penetration of the asphalt 
in the mix will change with temperature, another interpre­
tation of this result may be that mixes with different aggre­
gates have different temperature u ccptibility with respect 
to IDTS . If this is the case then the temperature susceptibi lity 
of the gravel mix is greater than that of traprock mix . This 
hypothesis needs to be verified by tests on the mixes at different 
temperatures. 

TABLE 8 RESULTS OF REGRESSION ANALYSES: 
IDTS VERSUS PENETRATION OF TFOT RESIDUE 
(RPEN77) 

Mix Type 8'9reaalpn Mpdol r-sguart0 

Trap log(IDTS) = ~.74' log(RPEN77) + 7.23 0.78 
8%volds, 4.8%AC 

Trap log(IDTS) = ~.78. log(RPEN77) + 7.38 o.n 
&%voids, 5.5%AC 

Trap log(IDTS) = ~.76 'log(RPEN77) + 7.39 0.81 
6%volds, 4.8%AC 

Trap log(IDTS) = -0.82 • log(RPEN77) + 7.57 0.81 
6%voids, 5.5%AC 

Gravel log(IDTS) = ·1.02' log(RPEN77) + 8.76 0.82 
8%,volds, 4.8%AC 

Gravel log(IDTS) = ·1.11•1og(RPEN77) + 9.02 0.86 
8%volds, 5.5%AC 

Gravel log(IDTS) = ·1.00' log(RPEN77) + 8.61 0.80 
6%voids, 4.8%AC 

Gravel log(IDTS) = ·1 .07' log(RPEN77) + 8,92 0.89 
6%voids, 5.5%AC 

Nots: log(IOTSJ Is /he~ al Tens/lo Slrtnglh 
l og(f!PENT7) is 1ne tll./JlailR.O of TFOT PoilfJtrB/iOn 

TABLE 9 RESULTS OF REGRESSION ANALYSES: 
IDTS VERSUS PENETRATION OF TFOT RESIDUE 
(RPEN77) AND GPC PARAMETERS (XS AND X12) 

Mix Typo Rpgres:s1on Modgl f·S QUQfCd 

Trap log(IDTS): • 0.046' XS· 14.37' X12 
8%volds, 4.8%AC • 0.7S' log(RPEN77) + 8.64 0.90 

Trap log(IDTS) = • 0.096 'XS· 17.42 ' X12 
8%volds, 5.5%AC · 0.83 ' log(RPEN77) + 9.92 0.93 

Iw log(IDTS) = • 0.075' XS· 16.55' X12 
@yo!ds 4.B%AC • 0.79' log(RPEN77) + 9,47 0.95 

Trap log(IDTS) = • 0.089 ' XS· 16.43 • X12 
6%voids, 5.5%AC · 0.86 ° log(RPEN77) + 9.93 0.95 

Gravel log(IDTS) = -0.030 ' XS 
&%voids, 4.8%AC • 1.0S' log(RPEN77) + 9.41 0.84 

Gravel log(IDTS) = • 0,024 ' XS 
8%volds, 5.5%AC • 1.12' log(RPEN77) + 9,52 0.87 

Gravel log(IDTS) = -0.046 • XS 
6%volds, 4.8%AC - 1.03 ' log(RPEN77) + 9.58 0.85 

Gravel log(IDTS) = • 0.041 ' XS 
6%voids, 5.5%AC -1 .11 "log(RPEN77) + 9.93 0,94 

ExamplP: Calculal/on of Composition Index for mix, Trap:6%volds:4.8%AC 

COMPOSITION INDEX= -0.075 • X5 -16.55 • X12 
(GPC parameters, XS and X12, are llsted In Table 4 tor each asphalt) 
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Effect of Composition 

Stepwise regress10n analyses were conducted to determine the 
best regression model that incorporated both consistency data 
and compositional data . The best results for the traprock 
mixes were obtained with a model containing (a) TFOT pen­
etration, (b) GPC parameter XS , and (c) GPC parameter Xl2. 
The best model for the gravel mixes was the one with (a) 
TFOT penetration and (b) GPC parameter XS. 

The resulting regression models (presented in Tablt: 6) show 
that, in the case of the traprock mixes , the inclusion of asphalt 
composition (GPC parameters) significantly improved the 
correlation. However, the inclusion of these parameters did 
little to improve the prediction for the gravel mixes. 

The plots in Figures 2-9, for IDT test versus penetration 
(at 77°F) of th e TFOT residue, show some amount of scatter 
<tbout the regression function. In the case of the traprock 

TABLE 10 COMPOSITION INDEXES FOR TRAPROCK 
MIXES 

Composition Index 
Asphalt !1%ll11lll3 li~ollllill:i 
Number 4.8%AC 5.S%AC 4.8%AC 5.5%AC 

NE5 ·1 .46 ·2.42 ·2.04 ·2.26 
NE10 -1 .22 -2.17 -1 .78 -2.02 
NE20 -1.40 -2.42 -2.01 -2.25 

OS -1.25 -2.24 -1 .83 -2.08 
010 -1 .24 -2.22 -1 .82 -2.06 
020 -1 .23 -2.19 -1.80 -2.04 

AS -1 .4S -2.64 -2.1S -2.4S 
A10 ·1.37 -2.48 -2.03 -2.31 
A20 -1 .28 -2.29 -1 .88 -2.13 

ES -1.23 -2.31 -1 .86 -2.1S 
E20 -1.25 -2.36 -1.90 -2.20 

CAGS -1.23 -2.20 -1 .80 -2.0S 
CAG20 -1 .48 -2.46 -2.07 -2.30 

CP10 -1 .4S -2.40 -2.02 -2.24 
CP20 -1 .46 -2.43 ·2.04 -2.2G 

Range -1 .4810 -2.64to -2.1Sto -2.4Sto 
-1.22 -2.17 -1.78 ·2.02 

TABLE 11 COMPOSITION INDEXES FOR GRAVEi. 
MIXES 

Com(!oslllon Index 
Asphalt 8%Voids &%Voids 
Number 4.8%AC 5.5%AC 4.8%AC 5.S%AC 

NES -0.49 -0.39 -0.74 -0.76 
NE10 -O.S2 -0.41 -0.79 -0.81 
NE20 -O.S5 -0.43 -0.83 -0.84 

OS -0.54 -0.43 -0.82 -0.84 
010 -O.S4 -0.42 -0.81 -0.83 
020 -0.53 -0.41 -0.80 -0.82 

AS -0.67 -O.S3 -1 .01 -1.04 
A10 -0 .62 -0.49 -0.94 -0.96 
A20 -O.S6 -0.44 -0.8S -0.87 

ES -0.62 -0.49 -0.94 -0.96 
E20 -0.64 -0.SO -0.97 -0.99 

CAGS -O.S3 ·0.42 -0.80 -0.82 
CAG20 -0.SO -0.40 -0.76 -0.78 

CP10 -0.48 -0.38 -0.73 -0.7S 
CP20 -0.49 -0.39 -0.7S -0.76 

Range -0.67 lo -0.S3 lo -1.01 to ·1.04to 
-0.48 -0.38 -0.73 -0.75 
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mixes, much of this scatter or devia tion from the prediction 
line is related to differenc !i in r.omp ition. 

[n order to better illustrate the ff ct of compo ition, a 
compo ition index was calculated by c n idering th contri­
bution f the P parameters to the regre si n functions in 
Table 9. Value of comp ition indices for the mixes are pre­
. ented in Tables 10 and 11. In additi n, the amount of devia· 
Lion Crum the regression line in Figures 2-9 was determined 
for each data point. The pl t of deviation ver. u · comp ition 
index indicates the contribution f composition in determining 
TDTS. The e plots are hown in Figures 10- 17. 

In general, there is a significant degree of correlation between 
deviati n and composition index for the traprock mixes but 
not for the gravel mixe . Thi correlation confirms that asphalt 
compo ition i imp rtant in determining the IDT of the 
trapr ck mixes . 

The maximum difference in composition index for a given 
type of mix can also be considered to be the maximum dif­
ference (on an exponential scale) in IDTS values that is attrib­
utable to composition. For the traprock. this range in IDTS 
values was about 0.45 for two of the four mixes . This result 
means that for two asphalts of the same penetration. diff.er-
nce · in composition would cause a maximum difference in 

TOTS valu f about 55 percent fi .e., the ID value of Asphalt 
A was 4.00 (55 psi), the lDTS value of Asplrnll B wa. 4.4S 

7 psi).]. For the grave l mixes, Lhe range of composition index 
was les than 0.29 in all four case . 

For the trnprock mixes the cl via l ion fr 111 the line increases 
in a positive direction as com po ition mdex increa . (Figures 
10-13) . In other words, the penetration m d I undere li­
mates the 1 DT of mixes with a phalt of relatively high values 
of compo ·ition ind x (a combination of low values for the 
XS and Xl2 parameters). Also, the comp sition indexes for 
aspha lt s from the ame source were n l necessarily of similar 
magnitud >. 

The previou ly discussed resu lts for c nsi. tency ugge, ted 
the need for determining tlie ~unsistency of the actua l asphalt 
in the mix to better unde rsta nd th relation hip between a phalt 
properties and the A mix propenie ·. imilarly, the com­
positional data h uld be that of the actual i1 ·phalt in th mix 
rather than that of the original asphalt. As stated before, 
however, no extraction was done . 

D espite the • horicomings of using compositional data f r 
the riginal asphalt , th results give some indication of the 
e ffect of compo ition o.n rhi mix pr perty. The same tech­
niques could be u. ed in studying the actual asphalts from 
pavements to determine hO\ c hanges in a phalt pr pcrties 
affect pave ment properties such a JOTS. However. the com­
p it ional data might not be required if the a tual consistency 
of the a pha ll in the specim ~n is used in the regre ·si n . This 
hyporhesi can only be v rified by further re earch. 

Effect of Aggregate Type, Air Voids, and Asphalt 
Content 

Aggregate type . ignificantly a f~ cts the relationship between 
pene tration ancl IDT value, in that the s lope of the rela· 
tionship is larger for gravel than for a crapr ck mix. In effect, 
the gravel mix is more usce ptible to te mpe rature chang s 
than an equivale nt traprock mix with the ame aspha lt. 



Garrick and Biskur 

Another important difference is that the average tensile 
trength ( ee Table 5) was higher for gravel (82 I i) than for 

r.raprock (62 psi). These average were approximately the 
same for each of the four combinations of air v id · and asphalt 
content. However, the differences between gravel and trap­
rock were not uniform for all asphalts. For example, the IDTS 
value of mixes with asphalt D5 was about the same (41 psi) 
using either gravel or traprock · however, for asphalt NE5 
the trength of the gravel mix wa ignificantly higher (61 
versus 38 p i) . Many other example. of this kind of variability 
can be observed in Table 5. 
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The mix properties examined in this project were air void 
(6 and 8 percent) and asphalt content (4. and 5.5 percent) . 
In general , tensile strength decrea ed a · air void. and a phalt 
content increa ed ( ee Tab! 3) . The di(ference wer mall , 
and the amount varied from a ·pha lt to asphalt. Th differ­
ences were also smaller than have been reported in some other 
studie (3 ,4). 

Like aggregate type, asphalt content also affected the slope 
of the relationship between IDTS value and penetration. In 
all cases, high-asphalt-content mixes had higher temperature 
susceptibility for given tensile strength. 
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SUMMARY 

The effects of asphalt properties on the IDTS of a mix were 
examined . A strong correlation was observed between pen­
etration of the TFOT residue and IDTS . The IDTS increases 
as penetration decreases. 

The slope of the relationship between penetration and ten­
sile strength varies significantly with aggregate type . The data 
suggest that the gravel mixes are more susceptible to tem­
perature changes (in IDTS values) than the traprock mixes . 

Aggregate type was also found to have a significant effect 
on the magnitude of the IDTS value of a given type of mix. 
In general , gravel mixes have higher tensile strength than 
equivalent traprock mixes with the same asphalt . However, 
the differences between two types of mixes with the same 
asphalt varied from asphalt to asphalt. 

Asphalt composition was another factor that appeared to 
play a role in determining the IDTS of some mixes. For the 
traprock mixes, asphalt composition may account for dif­
ferences of up to 55 percent in the IDTS. The effect of 
asphalt composition on gravel mixes was generally much less 
pronounced . 

Overall, the IDTS of a given mix is clearly related to 
the consistency and composition of the asphalt. GPC is an 
effective method for characterizing the effects of asphalt 
composition on tensile strength. 

ACKNOWLEDGMENTS 

The authors would like to thank the Connecticut Department 
of Transportation (DOT) for sponsoring this project through 
the Joint Highway Research Advisory Council of the Con­
necticut DOT and the University of Connecticut. The authors 

39 

would also like to thank the Institute of Material Science at 
the University of Connecticut for allowing them to use the 
GPC system in their laboratories. 

REFERENCES 

1. T. W. Kennedy, D . Lillie. H . L. Von Ouintus , and J . Sche rocman . 
Devel pmenl of Asphah-Aggrcgate Mi:l:ture Analy is System. Proc., 
Associmio11 of Asphalt Paving Tet/111ologis1s , Vol. 57. t. Paul, 
Minn ., 1988, pp. 262- 290. 

2. J . W. Buuon, D . N. Little , B . M. Gallaway, and J. A . Epps . 
N HRP Report 268: /11fluence of Asphalt Temperature Suscepti­
bility 0 11 Pavemelll Construc1io11 and Performance. TRB, National 
Re earch Council. Wa hingt n. D ... 1983. 

3. P. E. Graf. Factors Affecting Moisture Susceptibility of Asphalt 
Concrete Mixes. Proc., Association of A sphalt Paving Technolo­
gists , Vol. 55, St. Paul , Minn ., 1986, pp . 175-212. 

4. E. L. Dukatz , Jr. and R . S. Phillip . The Effect of Air Voids on 
the T en ile trenglh Ra tio. Proc . . Associmio11 of ll splwlt Paving 
Teclmologi ts, Vol. 56. St . Paul. Minn . , 1987 . pp. 5 17- 554 . 

5. H. W. Busching, . N. Amirklrnni<111 . J. L. Burnli, J . M. Alewine. 
and M. 0 . Fle tcher. E ffects of Selected Asphalts and Antistripping 
Additives on Tensile Strength of Laboratory-Compacted Marshall 
Specimens-A Moisture Su ·ccptibility Study. Proc. , Associatio11 
of A p lwlt Paving Tech11ologists , Vol. 55, St. Paul , Minn . , 1986, 
pp. 120- 148. 

6. P. S. Kandhal. Evaluation of Six AC-20 Asphalt Cements by Use 
of the Indirect Tensile Test. In Transportation Research Record 
712, TRB, Na tional Research Council, Washington, D.C., 1979, 
pp. 1-8. 

7. N. W. Garrick and L. E. Wood. Relationship between High­
Pressure Gel Permeation Chromatography D a ta and the Rheo­
logical Properties of A sp.ha lts. In Tra11sporlfltio11 Re earch Reco,.d 
1096, TRB, National Research Council, Washington, D.C., 1986. 
pp. 35- 41. 

Publication of this paper sponsored by Commillee on Characteristics 
of Bituminous Materials . 


