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Abstract
The design of a flexible pavement requires the knowledge of the material properties which are
characterized by stiffness and fatigue resistance. The fatigue resistance relates the number of load
cycles to failure with the strain level applied to the asphalt mixture. The main objective of this research
is the evaluation of the fatigue life of asphalt mixtures by using two types of fine aggregate having
different percentages. In this study, two types of fine aggregate were used natural sand (desert sand)
and crushed sand. The crushed sand was replaced by natural sand (desert sand) with different
percentages (0%, 25%, 75% and 100%) by the weight of the sand (passing sieve No.8 and retained on
sieve No.200) and one type of binder (40/50) penetration from Al-Daurah refinery. The samples of
beams were tested by four point bending beam fatigue test at the control strain mode (250, 500 and
750) microstrain while the loading frequency (5Hz) and testing temperature (20oC) according to
(AASHTO T321). The experimental work showed that fatigue life (Nf) and initial flexural stiffness
increased when control strain decreased for asphalt mixtures. Acceptable fatigue life at 750 microstrain
was obtained with asphalt concrete mixtures containing 100% crushed sand as well as asphalt concrete
contained 25% natural sand. The asphalt concrete contained 100% and 75% of natural sand exhibited
high fatigue life at low level of microstrain (250). The main conclusion of this study found that best
proportion of natural sand to be added to an asphaltic concrete mixture is falling within the range (0%
and 25%) by weight of fraction (passing No.8 and retained on No.200) sieve .
key words:Asphalt, pavement, aggregate, natural sand, crushed sand, hot mix asphalt, temperature,
optimum asphalt content, fatigue life, stiffness .

اﻟﺨﻼﺻﺔ

 ﺘﺘﻌﻠﻕ ﻤﻘﺎﻭﻤﺔ ﺍﻟﻜﻠل ﺒﻌﺩﺩ ﺩﻭﺭﺍﺕ.ﻴﺘﻁﻠﺏ ﺘﺼﻤﻴﻡ ﺍﻟﺘﺒﻠﻴﻁ ﺍﻟﻤﺭﻥ ﻤﻌﺭﻓﺔ ﺨﺼﺎﺌﺹ ﺍﻟﻤﻭﺍﺩ ﺍﻟﺘﻲ ﺘﺘﻤﻴﺯ ﺒﺎﻟﺼﻼﺒﺔ ﻭ ﻤﻘﺎﻭﻤﺔ ﺍﻟﻜﻠل

 ﺍﻟﻬﺩﻑ ﺍﻟﺭﺌﻴﺴﻲ ﻟﻬﺫﺍ ﺍﻟﺒﺤﺙ ﻫﻭ ﺘﻘﻴﻴﻡ ﺴﻠﻭﻙ ﺍﻟﻜﻠل.ﺍﻟﺤﻤل ﺇﻟﻰ ﺍﻟﻔﺸل ﻤﻊ ﻤﺴﺘﻭﻯ ﻤﻥ ﺍﻻﻨﻔﻌﺎﻻﺕ ﺍﻟﻤﺴﻠﻁﺔ ﻋﻠﻰ ﺍﻟﺨﻠﻁﺎﺕ ﺍﻹﺴﻔﻠﺘﻴﺔ
 ﻴﺘﻡ ﺍﺴﺘﺒﺩﺍل ﺭﻤل ﺍﻟﻜﺴﺎﺭﺓ ﺒﺎﻟﺭﻤل.ﺭﻤل ﺍﻟﻜﺴﺎﺭﺓ( ﺒﻨﺴﺏ ﻤﺨﺘﻠﻔﺔ،ﻟﻠﺨﻠﻁﺎﺕ ﺍﻹﺴﻔﻠﺘﻴﺔ ﺒﺎﺴﺘﺨﺩﺍﻡ ﻨﻭﻋﻴﻥ ﻤﻥ ﺍﻟﺭﻜﺎﻡ ﺍﻟﻨﺎﻋﻡ )ﺍﻟﺭﻤل ﺍﻟﻁﺒﻴﻌﻲ

 ﻭﺍﻟﻤﺘﺒﻘﻲ ﻋﻠﻰ ﻤﻨﺨل8  ﻜﻭﺯﻥ ﻤﻥ ﺍﻟﺭﻤل )ﺍﻟﻤﺎﺭ ﻤﻥ ﻤﻨﺨل ﺭﻗﻡ% (100 ،75 ،25,0) ﺍﻟﻁﺒﻴﻌﻲ )ﺍﻟﺭﻤل ﺍﻟﺼﺤﺭﺍﻭﻱ ( ﺒﻨﺴﺏ ﻤﺨﺘﻠﻔﺔ
 ﺘﻡ ﻓﺤﺹ ﻨﻤﺎﺫﺝ ﻤﻥ ﺍﻟﻌﺘﺒﺎﺕ ﻋﻥ ﻁﺭﻴﻕ ﺍﺴﺘﺨﺩﺍﻡ.( ﻤﻥ ﻤﺼﻔﻰ ﺍﻟﺩﻭﺭﺓ50/40) ( ﻭﻨﻭﻉ ﻭﺍﺤﺩ ﻤﻥ ﺍﻻﺴﻔﻠﺕ ﺫﻭ ﺍﺨﺘﺭﺍﻕ200 ﺭﻗﻡ

(5Hz) ( ﺒﻴﻨﻤﺎ ﻜﺎﻥ ﺘﺭﺩﺩ ﺍﻟﺘﺤﻤﻴلmicrostrain) (750 ،500 ،250) ﺠﻬﺎﺯ ﺫﻭ ﺃﺭﺒﻊ ﻨﻘﺎﻁ ﺍﻻﻨﺤﻨﺎﺀ ﻟﻔﺤﺹ ﺍﻟﻜﻠل ﻭﺒﻤﺴﺘﻭﻯ ﺍﻨﻔﻌﺎل
 ﺍﻅﻬﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﻤﺨﺘﺒﺭﻴﺔ ﺍﻥ ﻋﻤﺭ ﺍﻟﻜﻠل.(AASHTO T321)  ﺩﺭﺠﻪ ﻤﺌﻭﻴﺔ( ﻭﺫﻟﻙ ﻭﻓﻘﺎﹰ ﻟﻠﻤﻭﺍﺼﻔﺔ20) ﻭﺩﺭﺠﺔ ﺍﻟﺤﺭﺍﺭﺓ ﺍﻟﻔﺤﺹ

 ﻴﺘﻡ ﺍﻟﺤﺼﻭل ﻋﻠﻰ ﺴﻠﻭﻙ ﻜﻠل ﻤﻘﺒﻭل ﻓﻲ. ﻭﺍﻟﺼﻼﺒﺔ ﺍﻻﺒﺘﺩﺍﺌﻴﺔ ﻴﺭﺘﻔﻌﺎﻥ ﻤﻊ ﺍﻨﺨﻔﺎﺽ ﺍﻻﻨﻔﻌﺎل ﻟﺠﻤﻴﻊ ﻨﺴﺏ ﺍﻟﺭﻤل ﺍﻟﻁﺒﻴﻌﻲ، (Nf)
( ﻤﻥ%25) ( ﻟﻠﺨﻠﻁﺎﺕ ﺍﻹﺴﻔﻠﺘﻴﺔ ﺍﻟﺘﻲ ﺘﺤﺘﻭﻱ ﻋﻠﻰ ﺍﻟﺭﻤل ﺍﻟﻤﻜﺴﺭ ﻭﻜﺫﻟﻙ ﺍﻟﺨﻠﻁﺎﺕ ﺍﻻﺴﻔﻠﺘﻴﺔ ﺍﻟﺤﺎﻭﻴﺔ ﻋﻠﻰmicrostrain)(750)

( ﻤﻥ ﺍﻟﺭﻤل ﺍﻟﻁﺒﻴﻌﻲ ﻭﻜﺫﻟﻙ ﺍﻟﺨﻠﻁﺎﺕ ﺍﻻﺴﻔﻠﺘﻴﺔ ﺍﻟﺘﻲ%100)  ﺒﻴﻨﻤﺎ ﺍﻋﻁﺕ ﺍﻟﺨﻠﻁﺎﺕ ﺍﻹﺴﻔﻠﺘﻴﺔ ﺍﻟﺘﻲ ﺘﺤﺘﻭﻱ ﻋﻠﻰ،ﺍﻟﺭﻤل ﺍﻟﻁﺒﻴﻌﻲ

ﺍﻻﺴﺘﻨﺘﺎﺝ ﺍﻟﺭﺌﻴﺴﻲ ﻤﻥ ﻫﺫﻩ.(250microstrain) ( ﻋﻤﺭ ﻜﻠل ﻋﺎﻟﻲ ﻋﻨﺩ ﺍﺨﺘﺒﺎﺭﻫﺎ ﻓﻲ ﺍﻻﻨﻔﻌﺎﻻﺕ ﺍﻟﻤﻨﺨﻔﻀﺔ%75) ﺘﺤﺘﻭﻱ ﻋﻠﻰ
( ﻜﻭﺯﻥ ﻤﻥ%25 ﻭ%0) ﺍﻟﺩﺭﺍﺴﺔ ﻫﻭ ﺍﺜﺒﺎﺕ ﺍﻥ ﺃﻓﻀل ﺍﻟﻨﺴﺏ ﻤﻥ ﺍﻟﺭﻤل ﺍﻟﻁﺒﻴﻌﻲ ﺍﻟﺘﻲ ﻴﻭﺼﻰ ﺒﺨﻠﻁﻬﺎ ﻹﻨﺘﺎﺝ ﺍﻟﺨﻠﻁﺎﺕ ﺍﻻﺴﻔﻠﺘﻴﺔ ﻫﻲ
.(200  ﻭﺍﻟﻤﺘﺒﻘﻲ ﻋﻠﻰ ﻤﻨﺨل ﺭﻗﻡ8 ﺍﻟﺭﻤل )ﺍﻟﻤﺎﺭ ﻤﻥ ﻤﻨﺨل ﺭﻗﻡ

، ﺍﻟﻤﺤﺘﻭﻯ ﺍﻹﺴﻔﻠﺘﻲ ﺍﻷﻤﺜل، ﺍﻟﺤﺭﺍﺭﺓ، ﺍﻟﺨﻠﻁﺔ ﺍﻹﺴﻔﻠﺘﻴﺔ ﺍﻟﺤﺎﺭﺓ، ﺭﻤل ﻜﺴﺎﺭﺓ، ﺭﻤل ﻁﺒﻴﻌﻲ، ﺭﻜﺎﻡ، ﺘﺒﻠﻴﻁ، ﺃﺴﻔﻠﺕ:ﺍﻟﻜﻠﻤﺎﺕ ﺍﻟﻤﻔﺘﺎﺤﻴﺔ

.  ﺍﻟﺼﻼﺒﺔ،ﻋﻤﺭ ﺍﻟﻜﻠل

1. Introduction
The fatigue resistance of asphalt mixtures is generally defined as the ability of
these mixtures to resist repeated traffic loading under the prevailing environmental
conditions without significant cracking or pronounced failure. The mechanism of
pavement design procedures requires the characterization of laboratory material under
the real loading (multiple axle loading, traffic speed, rest periods between traffic
stresses, etc.) and environment conditions (temperature, aging, etc.). Fatigue cracking
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is the most common distress in road pavement. It is mainly due to the increase in the
number of load repetition of vehicles particularly those with high axle loads, and to
the environmental conditions. The construction practice and design shortcomings may
also result in shortening of pavement’s life and increase maintenance cost. It is vital to
find out ways to delay the asphalt pavement deterioration and increase its service life
(Moghaddam et. al., 2011;Fernandes and Gouveia, 2003) investigated the effect of
crushed fine aggregate. They found that the replacement of the rounded aggregate by
crushed fine aggregates improved mixture properties such as stability, rutting and
water resistance. The aggregate gradation (distribution of particle sizes) is one of the
most important factors to resist pavement distress (Shen et. al., 2005). The effect of
aggregate interlocking on the fatigue life is assessed by using control mixture and
stone matrix asphalt. The results showed that, stone matrix asphalt mixture has lower
fatigue life than control mixtures. This is referring to the lack of mechanical locking
of the aggregate because stone matrix asphalt mixture is a gap graded asphalt mixture
(Asi,2006;Yasreen et. al., 2011) noticed that the quarry sand incorporated bituminous
mixtures give a better fatigue performance. This is may be due to the effect of sand
properties such as angularity, surface texture, shear strength,particle size and
distribution in addition to the content of alumina and hematite. The results obtained
from beam fatigue test provide an insight view that physical, chemical and mechanical
properties of fine aggregate could improve the mixture fatigue performance.

2. Research objective
The main objective of the presented work to evaluate the fatigue life of asphalt
mixtures that contains different proportions of natural and crushed sand .

3. Materials and testing
In this study several tests were carried out to determine the following :
physical properties of coarse aggregate, fine aggregate, filler and asphalt, Marshall
Test and beam fatigue tests also were performed .
3.1.Materials
Coarse aggregate is the portion of the combined aggregate retained on the 4.75
mm (No.4) sieve used for asphalt concrete. The source of crushed aggregate from
Al- Najaf quarry. This aggregate is widely used in the middle and south areas of Iraq
for asphalt pavement . The particles tend to off white in color with angular surfaces.
The fine aggregate is the portion of the combined aggregate passing the 4.75 mm
(No.4) sieve shall consist of stone screenings and natural sand (SCRB R/9, 2003).
The coarse and fine aggregates (crushed sand and natural sand) are sieved according
to state corporation of roads and bridges specifications (SCRB R/9, 2003) for wearing
coarse gradation. Plate (1) showed crushed sand and natural sand used in this study.
Table (1) shows the test results of aggregate (coarse and fine) and the limitations of
these tests while table (2) explains aggregate gradation with specification limit
according (SCRB R/9, 2003). One type of asphalt cement was used with (40-50)
penetration grade brought from Al-Daurah refinery. The physical properties and tests
of the asphalt cement used are shown in table (3) .
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Table (1): Physical properties of aggregate
Property
Bulk specific gravity
Apparent specific
gravity
% water absorption
%Abrasion (Los
Angeles)
%Fine aggregate
angularity (FAA)
%Sand equivalent

ASTM
Designation

Fine aggregate

AASHTO
Designation

Coarse
aggregate

Crushed

Desert

SCRB
Specification

--------

2.52

2.68

2.66

--------

--------

2.65

2.7

2.68

--------

--------

0.89

0.6

0.63

--------

C-131

--------

26%

--------

--------

30% max.

C-1252

--------

--------

50.4

40.97

--------

--------

T176-2008

--------

51

89

45% min.

C-127
C-128
C-127
C-128
C-127
C-128

Table (2): Asphalt mixture grading
Sieve size
Standard sieves
English sieves (in)
(mm)
19
3/4''
12.5
1/2''
9.5
3/8''
4.75
No.4
2.36
No.8
0.3
No.50
.075
No.200
Asphalt cement (% by weight of total
mix)

(% passing by weight of total
aggregate+filler)

Specification limits for
wearing coarse (SCRB)

100
95
83
59
43
13
7

100
90-100
76-90
44-74
25-58
5-21
4-10

------------

4-6

Plate (1): The types of sand used in the study
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Table (3): Physical properties of asphalt cement
ASTM
Designation
D-5
D-113

Test
result
47
107

SCRB
specification
(40-50)
>100

Flash point(Cleveland open cup), ( 0C)*

D-92

280

Min.232

Softening point, (0C)*

D-36

55

------------

%Solubility in trichloroethylene*

D-2042

99.5

Min. 99%

Viscosity, 135 (oPC), (Cs)*
Specific gravity at 25 0C *
Residue from thin-film oven test
- Retained penetration, % of original*
- Ductility at 25 oC, 5 cm/min (cm)*

D-2171
D-70

540
1.04

Min. 400
------------

D-5
D-113

76
>100

Min. 55
Min. 25

Property
Penetration(25 0C,100 gm,5 sec)*
Ductility (25 0C, 5 cm/min). (cm)*

3.2. Testing
3.2.1. Marshall Test
The optimum asphalt content is obtained by the standard Marshall test method
(ASTM D-1559). The range of asphalt content (4 to 6)% by the weight of total mix
with (0.5%) increment have been used. The optimum asphalt content for each asphalt
mixtures contain natural sand and crushed sand, as shown in table (4) below:
Table (3-4): Optimum asphalt content
% natural sand
% optimum asphalt content
0
5.3
(all crushed sand)
25
5.18
75
5.02
100
4.86
The optimum asphalt content percentages decrease with increasing the natural
sand percentages. This can be explained by the surface area of fine aggregate in
mixture becoming more with increasing the percent of natural sand.
3.2.2. Beam Fatigue Test
The fatigue beam specimens were prepared by using rectangular metal mold
having the dimensions of (50 mm thickness x 63 mm width x 380 mm length)
according to AASHTO T321. The required mixture batch was 3000 grams to fill mold
of the fatigue beam. The asphalt mixture prepared with coarse aggregate, fine
aggregate (desert and crushed sand) with different percentages. The compaction effort
can was done by using a compressing machine to get 4% air voids. The test
temperature was 20°C and all specimens were kept inside the chamber at this
temperature for 2 hours before the test. Four Point Bending Beam device as shown in
plate(2) was used to test fatigue samples .
Testing device properties are:
 Constant strain mode.
 Loading frequency 5 Hz .
 Strain level between 250 to 750 microstrain.
 haversine (sinusoidal) load is applied.
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Plate (2): Four Point Bending Beam device and Testing Equipment

4. Results and Discussion
Results obtained in this work are highly dependent upon the variability of tested
mixes. This variability includes; type of fine aggregate (crushed sand or natural
sand),strain level and the effect of natural sand on fatigue life, initial flexural stiffness.
Generally fatigue life increases when microstrain decreases for asphalt mixtures
that contain crushed sand or natural sand. It can be observed that the asphalt mixtures
contain (crushed sand and 25% natural sand) have a better fatigue life at high
microstrain (750) but asphalt mixtures contain 75% natural sand and asphalt mixtures
contain 100% natural sand are the best when microstrain is low (250) because of the
effect of sand properties such as angularity, surface texture, shear strength, particle
size and distribution as well as laboratory conditions as shown in figure (1) .
The initial stiffness is determined by plotting flexural stiffness against the
number of repetitions to failure and the form of the exponential function is either best
fitting of the data or by applying the 100th load cycle. Generally initial flexural
stiffness decreases when microstrain increases from (250 to 750) microstrain for
asphalt mixtures containing (natural sand and crushed sand). It is obvious from the
analysis that high initial flexural stiffness can be obtained for asphalt concrete
mixtures contain natural sand compared to asphalt concrete mixtures contain crushed
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sand because that natural sand provides flexibility for asphalt mixtures while crushed
sand leads to increase repeated load as shown in figure (2).

Figure (1): Effect of natural sand on fatigue life at (250, 500 and 750)
microstrain
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Figure (2):Effect of natural sand on initial stiffness at (250, 500 and
750) microstrain
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Conclusion
It is concluded that:
1. Fatigue life (Nf) and initial flexural stiffness will be increased when control strain
is decreased .
2. Acceptable fatigue behavior can be obtained for asphalt concrete mixtures that
contain all crushed sand when tested in high microstrain (750) and the asphalt
concrete contains natural sand is the best when microstrain is low (250) .
3. The best proportions of natural sand to be used in an asphaltic concrete mixture is
(0% and 25%) by weight of fraction (passing No.8 and retained on No.200)
sieves.
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