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Effect of Particle Shape and Surface Texture on 
the Fatigue Behavior of Asphaltic Concrete 
G. W. MAUPIN, JR., Virginia Highway Research Council 

This paper reports a laboratory investigation of the effects of particle 
shape and particle surface texture on the fatigue behavior of an as
phaltic surface mixture. The investigation was limited to one mix
ture tested in a constant-strain mode. Three aggregates were used 
in separate mixtures for the particle shape-fatigue comparisons: round 
gravel, limestone, an intermediate-shaped aggregate that was neither 
round nor slabby, and slabby slate. Two mixtures, one containing 
unetched limestone and the other etched limestone, were compared in 
the particle surface texture-fatigue study. Beams dimensioned to 2.5 
by 3 by 14 in . were compacted fr om each mixture and tested in the 
laboratory. The fatigue life was defined by cracking of the beam sur -
face and monitored by the resultant cracking of foil strips glued to 
the beam. The results of the constant-strain mode fatigue tests show 
that the mixture containing the slabby-shaped aggregates had a signif
icantly shorter fatigue life than the mixture containing the rounded 
gravel. There was no significant difference between the fatigue life 
of the unetched limestone mixture and that of the etched limestone 
mixture. The data on rupture modulus versus number of cycles indi
catethat alinear relationship on a log-log plot existed for all mixtures 
containing aggregates with different shapes and surface textures. The 
curves are essentially parallel for all mixtures, and the unetched and 
etched limestone curves are essentially identical. 

•FATIGUE IS A PHENOMENON by which the structure of a material is gradually weak
ened by repeated applications of stresses lower than its ultimate failure stress. On an 
asphaltic pavement, fatigue cracks and failures can be caused by moving wheel loads 
that produce alternating compr essive and tensile flexural stresses on the upper and 
lower surfaces. 

Fatigue cracks originally were not recognized as such but were considered to be mere 
"aging cracks" or pavement distress. In the last 2 decades researche1·s such as Hveem 
(1) have recognized fatigue failure caused by repeated flexing of asphaltic layers on 
h1ghly resilient soil bases. Hveem's investigation, linking pavement failures, magnitude 
of deflection, and pavement stiffness, indicated that to be well designed a pavement must 
be capable of withstanding deflections or have sufficient stiffness to reduce the deflec
tions to a permissible level. 

Nijboer and Van Der Poel (2) also recognized there was a problem of fatigue failure 
in asphaltic pavements. They -used a vibration machine to simulate road tr affic on a test 
pavement, and measured deflections, strains, stresses, and stiffness moduli. They 
concluded that the observed pavement cracks were caused by bending stresses greater 
than the fatigue strength of the material. More recently, Kasianchuk, Monismith, and 
Garrison (3)developedamethodin which a fatigue design subsystem is used to design the 
pavement Structure against fatigue failure. 

Paper sponsored by Committee on Mechanical Properties of Bituminous Paving Mixtures and presented at the 
49th Annual Meeting. 

55 



56 

The material variables that affect fatigue should be understood so that they may be 
considered when the asphaltic concrete components are selected. Some component 
variables that have been investigated are binder type (4, 5, 6, 7), binder hardness (8, 
6), aggregate gradation (9), and aggregate type (10). The effect of aggregate type on 
fatigue behavior has not been investigated extensively. Because aggregates used in as
phaltic mixes vary from site to site, depending on surface geology and general availa
bility, it is important that the effects of aggregate types and characteristics on the ser -
viceability of asphaltic concrete be understood. 

This paper reports a limited laboratory investigation of the effect of aggregate shape 
and surface texture on the fatigue behavior of asphaltic concrete. In the investigation, 
beam specimens composed of asphaltic concrete containing aggregates with distinct 
shape and surface characteristics were tested in a constant-strain mode, the method 
of test believed to best describe the behavior of Virginia pavements showing fatigue 
distress. 

APPROACH 

The 3 aggregates selected for the shape study were (a) gravel, rounded, (b) an im
pure limestone, intermediate between the shape of slate and gravel, and (c) slate, flat 
and slabby. The 2 aggregates selected for comparison in the surface texture investiga
tion were unetched impure limestone and etched impure limestone from the same source, 
the latter of which yielded a rough surface texture. The asphalt content selected was 
that yielding maximum flexural strength of the asphaltic concrete because this was 
thought to produce the most fatigue-susceptible mixture in the region of optimum as
phalt content. 

Each mix was tested in a constant-strain mode at its predetermined asphalt content, 
and the fatigue life was determined. The fatigue lives were compared statistically to 
determine if significant differences existed. Also, the static flexural strength was de
termined at several intervals between zero number of cycles and number of cycles 
yielding fatigue life to gain an indication of the progressive fatigue breakdown. 

MATERIALS 

The aggregates used in the investigation are shown in Figures 1, 2, and 3; their 
physical properties are given in Table 1. The flakiness index, given in Table 1, is a 
measure of the flatness and slabbiness of the aggregate with higher numbers indicating 
a flatter, slabbier aggregate. 

A rough texture aggregate was obtained by soaking the limestone in 0.5 N HCl solu
tion for 20 min. The 20-min etching time was selected because it produced surface 

gravel limestone slate 

Figure 1. Coarse portion ('Ye to Y2 in.) of aggregates used in particle-shape 
comparison. 
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Figure 3. Etched limestone (4x magnification) . 

Figure 2. Unetched limestone (5x magnification). 

impurity protrusions that did not break off when the aggregate was mixed and 
handled. 
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An 85 to 100 penetration asphaltic cement having an average absolute viscosity of 
1,405 poises at 140 F was used as the binder. All aggregates were separated and r e
combined to yield the desired gradations (Table 2). Table 2 also gives the gi·adations 
of the aggregates recovered from several of the beams after the binder was extracted; 
these data indicate that negligible breakup occurred during mixing and compaction of 
all the materials. 

TABLE 1 

PHYSICAL PROPERTIES OF AGGREGATE 

Flakiness Index L.A. Loss 

Aggr egate 
Specific Absorption (percent) 

(,a to '.f, in. to Gravity (percent) 
Y,. in . No. 4 B c 

Gravel 1.0 2.8 2.60 1.18 34.8 38.6 

Limestone 30.2 30.3 2.72 0.60 23 .5 30 .1 

Slate 56.1 57.4 2.79 0.40 23.9 21.7 

TABLE 2 

GRADATIONS OF ASPHALTIC MIXTURES BEFORE AND AFTER COMPACTION 

Percent Passing 

Sieve Before Gravel Afte r Limestone After Slate After 
Compaction Compaction Compaction Compaction 

'.f, in. 100 100 100 100 

'/a in . 90 90 89 88 

No. 4 60 61 63 63 

No. 8 45 47 48 47 

No. 30 22.5 24 26 24 

No. 50 14.5 15 18 17 

No. 100 9 10 13 12 

No. 200 6 9 
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Figure 4. Aluminum foil strips on bottom of beam. 

TESTING 

The test specimens, 3 by 3 by 11 in. beams, wer e compacted on a modified Califurnia 
kneading compactor similar to the one used by Monismith (9). The beams were com
pacted in 3 equal layers with the application of 2 leveling passes, 2 passes at 181 psi foot 
pressure, and 2 passes at 250 psifootpressuretoeachlayer. 

After the specimens had cooled to room temperature, the density and air void content 
were determined. Approximately 1/4in. was sawed from both the top and bottom of each 
beam to yield 2.5 by 3by14in. specimens. The beams were sawed in order to eliminate 
surface texture effects and to decrease fatigue variability within a mix. They were al
lowed to age one week from the compaction date before testing. 

Prior to fatigue testing, a 1/s in. aluminum foil strip was glued % in. from each side 
on the bottom of each beam (Fig. 4). When the fatigue crack formed1 both aluminum 
strips were broken; the machine stopped automatically, and the fatigue life was 
recorded. 

In order to obtain the proper asphalt content for comparison of different mixes in the 
fatigue tests, the maximum flexural strength (modulus of rupture) was determined at 5 
asphalt contents for each mixture. The beams, simply supported at the ends, were de
fl ected at t he center point at the r at e of 0. 5 in. per minute. A proving r ing was used to 
record the maximum load applied, and the modulus of rupture was determined from the 
load data by the fle:..'Ure formula, Mc/I, where M is the maximum moment in the beam, 
c is half the height of the beam, and I is the moment of inertia. The asphalt content that 
yielded the greatest modulus of rupture was selected. 

The constant-deflection fatigue tests were performed on the apparatus shown in Fig
ure 5. The beam was simply supported and loaded at the center point, with care being 

taken t o provide suffi ci ent bearing ar ea to 
prevent deformf!tion of thP beam under 

Figure 5. Constant-deflection flexural fatigue testing 
device. 

load repetition. The beam was sandwiched 
between 1/s in. aluminum sheets and 1

/15 in. 
neoprene sheets to help distribute the load 
and also to allow longitudinal movement 
under the flexing action. 

The load was transferred directly 
through a yoke surrounding the asphaltic 
beam to a 13 in. leaf spring beneath, 
and only the load necessary to deflect 
the beam was transferred from the yoke 
to the beam. The yoke was used around 
the beam to prevent compaction due to 
transferring the load directly through 
the beam to the spring. A stop was in
stalled under the spring to limit the de
fl ection to t he desired amount, although 
the load was usually decreased as the beam 
weakened. 
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Figure 6. Deflection time·curve. 
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The load mechanism consisted of 
an air cylinder activated by a de sole
noid valve. The air pressure entering 
the cylinder could be regulated to ob
tain the desired load. The deflection 
was set at 0.007 in. for each beam and 
checked with a LVDT unit connected 
to the load shaft. A typical section 
from the recorder chart is shown in 
Figure 6; the load time was 0.07 sec, 
and the unload time was 0.47 sec. 

After the beams had failed, they were tested in simple flexure to determine the flex
ural strength (modulus of rupture) and breakdown caused by cycle r epetition. Also the 
modulus of rupture was obtained on beams subjected to an intermediate number of cycles 
to get enough points to plot a curve. 

DISCUSSION OF RESULTS 

Asphalt Content 

The asphalt contents indicated by the maximum flexural strength were 5.0, 6.0, 5.5, 
and 5.75 percent for gravel, slate, unetched impure limestone, and etched impure lime
stone respectively . These results seemed reasonable because the rougher and more 
irregular aggregates required more asphalt than did the smooth aggregate (gravel). 

Influence of Particle Shape 

The average fatigue lives were 208,299 for gravel, 103,9 58 for unetched impure lime
stone, and 52, 728 for slate (Table 3 ). An analysis of variance indicated thatther e was a 
significant difference at a 90 percent confidence level between the gr avel and s late, the ag
gregates with round and flat shapes respectively. The flexural strength tests also re
vealed that the slate producea a mixture that was 20 percent stiffer than the gravel mix
ture. These results are logical because it is generally agreed that fatigue life decreases 

Material 

Gravel 

Unetched 
limestone 

Etched 
limestone 

Slate 

a Average fatigue life. 

TABLE 3 

FATIGUE LIFE AND STRENGTH DATA 

No. of No . of 
Specimens Cycles 

4 208,299a 
4 156,226 
4 104,150 
4 52,075 
4 0 

7 103,958a 
4 92,506 
4 61,671 
4 30,855 
4 0 

8 108,470a 
4 88,852 
4 54,235 
4 27,118 
4 5,424 
4 0 

4 52,728a 
4 39, 546 
4 26,364 
4 13, 182 
4 0 

Fatigue Life 
Standard 
Deviation 
(cycles) 

129,899 

57,151 

106,823 

28,562 

Modulus of 
Rupture 

(psi) 

123 
109 
117 
122 
178 

111 
96 

107 
95 

137 

104 
106 

85 
97 
94 

125 

146 
124 
131 
134 
214 

Modulus of 
Rupture 
Standard 
Deviation 

(psi) 

14 
7 

26 
18 
13 

20 
19 
15 

5 
22 

12 
10 
19 
14 
10 

7 

13 
70 
56 
16 
11 
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gravel 

limestone 

slate 

Figure 7. Sawed cross sections of beams. 

when stiffness increases for fatigue tests 
in the constant-strain mode (11). 

Sawed cross sections of all mixtures 
revealed that the slate particles had an in
terlocking structure but the gravel parti
cles were "floating" in the bitumen-fines 
matrix (Fig. 7). Thus equal strains in 
both mixtures would tend to produce higher 
stresses in the bitumen between the inter
locked particles (slate mixture), and the 
fatigue life would be lower. 

The results indicate that the gravel 
mixture had a longer fatigue life than the 
crushed slate mixture, but Monismith (10) 
found that a Cl"UShed stone mixture had a 
longer faligue life than a gravel mixture. 
This seeming disagreement of results can 
possibly be explained by the fact that the 
crushed stone mixture tested by Monismith 
had considerably more air voids than the 
gravel mixture, resulting in a more flexi
ble mix and increased fatigue life. The 
mixes in the present study had approxi
mately equal quantities of air voids. 

The plot of the strength (modulus of 
rupture ) versus strain repetitions for the 
3 mixtures on a log-log scale reveals a 
parallel linear relationship (Fig. 8). If the 
specimens had been tested past the crack 
formation stage, the strength probably 

would have decr eased at a much faster rate, which would have resulted in a nonlinear 
curve after cr ack for mation. 

Careful examination of the points (average of 4 or more individual measurements) on 
each curve leaves the impression that there was a slight increase of strength at failure. 
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t-igure 8. Strength-fatigue curves for asphaltic mixtures containing different shaped aggregates. 
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Figure 9 . Strength-fatigue curves for asphaltic mixtures containing etched and unetched limestone. 
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Variability caused some. beams to fail before the average number of cycles to failure. 
This means that some of the beams tested to give intermediate points on the curve failed 
before reaching the specified number of cycles. Because the strength decreases at a 
faster rate after failure, those specimens cycled past failure lowered the average 
strength value of the intermediate points below the linear value and produced an ap
parent rise in strength of the failure specimens. 

( Influence of Particle Surface Texture 

The fatigue lives of the unetched and etched impure limestones were 103,958 and 
108, 470 cycles respectively. There was no statistical difference in the 2 values; there
fore, it appears that a slight increase in surface roughness (etched) does not affect the 
fatigue life significantly. Jimenez and Gallaway (8) observed a difference between the 
fatigue life of a mixture made with rough textured-aggregates and that of a mixture 
made with smooth aggregates. The degree of roughness of the aggregates was not well 
defined, and the test used was a constant-stress type; therefore, the results cannot be 
compared to those of this investigation. This does point out, however, that a suffi
ciently rough aggregate surface texture can have an effect on fatigue life. 

Also the flexural strength (modulus of rupture) versus strain repetitions are essen
tially identical (Fig. 9). The variability of the fatigue results of the etched limestone 
was extremely high; however, this variability could have been caused by the irregular 
nature of the material. 

SUMMARY 

Although this investigation was rather limited, it yielded a good indication that par
ticle shape can significantly affect the fatigue life of an asphaltic mixture in the constant
strain mode test. The mixture containing slabby particles had a significantly shorter 
fatigue life than the mixture containing equidimensional rounded particles. Examina
tion of the matrix displayed in the cross sections of the sawed beams confirmed that 
lower stresses would be developed in the gravel beams than in the slate beams, which 
would result in a longer fatigue life for the gravel mixes. The slabby particle mixture 
also had a higher stiffness than the gravel mixture, which is indicative of a lower fatigue 
life for a constant-strain test (11). 

The fatigue lives of the unetched limestone and etChed limestone (rough surface tex
ture) asphaltic mixtures were not significantly different. 
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A linear relationship exists between the logarithm of flexural strength (modulus of 
rupture) and the logarithm of the number of cycles of constant deflection for all mate
rials tested. These relationships were essentially parallel (i.e., the slopes were 
equivalent). 
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