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ABSTRACT: Over time, with repeated loading, if the amount of strain or stress exceeds the strength
of the asphalt mixtures, cracks will form on the surface and under the asphalt mixture layer. These
cracks gradually develop as the number of loads increases and spreads to the asphalt body. Fatigue
is one of the most important factors that reduce the life of asphalt pavements. One of the effective
parameters in the occurrence of fatigue cracking is the properties of the bitumen used. According to
previous studies, the use of nanomaterials and polymer additives has been considered by researchers in
recent years. Due to the much higher cost of production or production of polymeric materials, the use
of these materials in this research has been considered. One way to control this type of failure is to use
bitumen, aggregate or asphalt mixers. Accordingly, in this study, the effect of using a polymer additive
called acrylon acrylonitrile acrylate (ASA) as a bitumen modifier on the potential for fatigue cracking in
asphalt mixtures has been investigated. Two types of aggregates, with different mineralogical properties,
PG 64-16 as bitumen and ASA additive, in two different percentages of bitumen mass were the materials
used in this study, which were tested at two temperatures and five different stress levels. To determine
the percentage of optimal bitumen, the Marshall mixing design method has been used and to determine
the fatigue life of asphalt mixtures, the indirect tensile fatigue test method has been used. The results of
this study show that the use of polymer additives has increased the fatigue life of asphalt mixtures. The
fatigue life of granite aggregate specimens was longer than that of limestone aggregates, but the increase
in life resulting from the use of ASA increased the fatigue life of granite aggregate specimens. The
increase in temperature and stress level, as expected, has reduced the fatigue life of asphalt mix samples,
which is much lower in samples made of bitumen modified with polymeric materials than the samples. .
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1- Introduction has been conducted mainly on the rheological properties

In recent years, researchers have used various methods
to improve the rheological properties of bitumen. One
way to improve the performance of bitumen is to use the
right additives. So far, common additives such as polymer
additives and waxes have been used to correct bitumen
behavior at high and low temperatures. Although the weight
of bitumen in asphalt mixes is negligible, much of the
research on asphalt mixtures is about bitumen. Bitumen has
an important effect on the optimal performance, durability
and stability of asphalt mixtures, and any change in bitumen
performance will affect the performance of the asphalt mix
[1].

One of the materials that can be reused as a suitable
additive for bitumen modification in the pavement industry
is polymers. Polymers, like other modifiers, have their own
advantages and disadvantages but try to bring bitumen
properties closer to ideal properties, given the conditions
used. Preliminary studies have shown that limited research
on the use of ASA in the bitumen and asphalt industry

*Corresponding author’s email: hamedi@guilan.ac.ir

of bitumen, especially at high temperatures. Therefore,
in this study, an attempt has been made to investigate the
effect of using ASA polymer on the properties of asphalt
mixture against fatigue cracking, which generally occurs in
intermediate temperatures. Early reasons for choosing this
material include increased resistance to high temperatures
under the bitumen correction process, resistance to aging,
increased modulus of hardness, and low cost.

2- Methodology

Two types of aggregates with different properties against
fatigue cracking have been investigated in this study: limestone
and granite. ASA is a type of polymer that is obtained by low
pressure and the use of Zieglernata catalyst and has a linear
structure and this material is in the form of very fine solid
particles about 150-120 micrometers.

In this research, the bitumen used is bitumen with a PG
64-16, which has been prepared by Azardavam Yol Tabriz
Company. Bitumen 16-64 PG is temperate according to
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Fig. 1. The number of cycles leading to failure in the fatigue test
at 5 °C (granite aggregate samples)

80000

70000

60000

50000

40000

30000 -

20000

Number of cycle for failure@20°c

10000 -

Control with 2%  Control with 4%
ASA ASA

200 kPa 1300 kPa

Control

H100 kPa

Fig. 2. The number of breakdown cycles in the fatigue test at 20
°C (granite aggregate samples)

climatic conditions, and fatigue occurs mainly at temperatures
between 5 and 25 °C.

In order to improve the bitumen, first the base bitumen is
heated to 160 °C and the additive is gradually added to it. ASA
additive is a solid granular powder that is gradually added to
bitumen. The mixing operation is performed in a mixer with
temperature control for 25 minutes at a rotation speed of 2000
rpm.

The mixing plan of asphalt mixtures used in this study was
performed according to the Marshall method according to the
instructions of MS-2 of the asphalt institute [3]. In this method,
the optimal bitumen percentage is determined based on the
average of 3% bitumen equivalent to the maximum strength,
maximum specific gravity and the percentage of empty space
equal to 4% and is controlled by the values of the regulations.

The fatigue life of asphalt mixtures is obtained by indirect
traction testing. Indirect tensile test is a type of fatigue test in
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Fig. 3. Number of breakdown cycles in the fatigue test at 5 °C
(limestone specimens)
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Fig. 4. The number of breakdown cycles in the fatigue test at 20
°C (limestone specimens)

which the load is repeatedly applied to a cylindrical specimen
so that the compressive load is applied to the cylindrical
faces in a parallel and vertical manner. This form of loading
causes uniform tensile stress in the specimen. Which will
be perpendicular to the direction of loading and along the
cylindrical sample [4].

3- Results and Discussion

The optimum bitumen percentage for samples made with
granite aggregate and limestone is 5.5 and 5.7, respectively.

Figures 1-2 show the number of load cycles leading to
the failure of asphalt specimens for ASA-controlled and
modified mixtures in specimens made of granite aggregate.
Figures 1-2 show that ASA-modified asphalt mixture
specimens show significantly better fatigue life than simple
asphalt specimens. Because bitumen mixes with ASA, the
released carbon fills the voids, creating strong bonds with the
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bitumen chains, which increases the adhesion of the bitumen
to the aggregate. This better adhesion between bitumen and
aggregate also minimizes the displacement of the material
particles relative to each other, thus improving the fatigue
life due to the delay in the process of creating and expanding
cracks. In addition, residual ASA particles that do not react
chemically can complete the granulation of filler materials
and cover a very fine part of the granulation curve. As a
result, reducing the void space in asphalt mixtures can lead
to an increase in their service life. On the other hand, adding
ASA to bitumen increases the hardness of bitumen. If the
stress level is constant in the fatigue test, the tensile strain
decreases with increasing hardness of the samples.

Figures 3-4 show the number of loading cycles leading
to the failure of asphalt samples for ASA-controlled and
modified mixtures with limestone aggregate. As can be seen,
in general, samples made with limestone aggregates have a
shorter shelf life than granite aggregates.

2. The material of the minerals and the apparent structure
of the aggregates can cause resistance to fatigue cracking.
Cognitively, the harder the aggregate adheres to the bitumen,
the better its adhesion against fatigue cracking. In terms
of appearance, the three parameters of shape, fracture and
surface texture are effective in creating mechanical resistance
of aggregate against fatigue cracking. Bitumen has weak
acidic properties and therefore its adhesion to limestone
aggregates that have game properties is stronger than its
adhesion to granite aggregates.

Similar to the samples made with granite aggregates, it is
observed that with increasing temperature, the fatigue life of
asphalt samples decreases. The percentage of reduction in
fatigue life in samples made with limestone aggregate was
lower than granite aggregate.

4- Conclusions
In this section, the most important results obtained from
this research are given:

* Increasing the temperature reduces the hardness module
of the asphalt mix. This has increased the amount of tensile
strain in the asphalt mixture at high temperatures and greatly
reduced the fatigue life.

* The use of ASA additives has reduced the hardness of
asphalt mix samples. On the other hand, it increases the
adhesion of bitumen-aggregate. This increases the resistance
of asphalt mixtures to fatigue and increases the fatigue life of
the samples.

e In order to determine the optimal amount of ASA
additive, economic analysis must be done. On the other hand,
there is a regular trend between an increase in the percentage
of additives and fatigue life in samples made with limestone
aggregate. These two events in the samples of the two groups
indicate the need for economic analysis in samples with
different aggregates.
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Table 2. Specifications of bitumen used in making samples
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Fig. 2. How to load samples on a fatigue test
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Fig. 3. Definition of fatigue life in indirect tensile fatigue test
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Table 3. Optimal bitumen samples made of limestone, and granite
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Table 4. Controls the parameters corresponding to the percentage of optimal bitumen in samples made with lime-
stone and granite aggregates
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Fig. 4. The number of cycles leading to failure in the fatigue test at 5 °C (granite aggregate samples)
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Fig. 5. The number of breakdown cycles in the fatigue test at 20 °C (granite aggregate samples)

yvag



YA+Y B YVYAD dxbo MY - JL“’ A O)Lo..w HY 0)9 ‘)A.AS).:AI ul)o.c uw.\...e(c du).mJ

Do oo ):;gv.w:\jl odlo U)‘ )Ls.@) And o UL“” Epog0 u:l
s 2 K Slinlaf] 5 ool gl dmslio &Y o5 (cla IS5 2
JIS8 il 53 e o5 4231 ASA (gl g o0k il sladigal
ol ol 45 oy 5 gl 53 53 Untigd (s ] e 5 s
ol |y (s poe @) 5 G35 @)W (g calin (ad dall, S
St pos 5D cladas 3900 (Sl odal Cand 4 gl LT s
polia (St doles dndes L5 |y ASA L ot 2ol (slybbce
b g o babglre I S o 4 bgppe (Siser <l 9 K 5 K

.CAM}] 1AW 0.))91

Sal K 43l0 b ok aidlo slodiges -V =Y -

SunS & omie (IS0 Ll Sl A sl IS 0
L ASA L osiaMol § S slabgle slp (il cladiges
@ 29 o oanliie a5 jghailan .l oad 030> v les Kol S ailaSiw
S pas (gl Sal S ailiSiw b o a3l cladiges S ,5b
bl e S il b dwslis (3 (g S

Canglin bl sl Milgh go ailaSiw gyl sl o b S yuis
WS do (ool SIS o9 (Sd (53,88 S5 ply
S5l o Sty 3950 col bl 2l ;3 L i (St
Lol sailiSin Sl Cuglio sl 5 oxdaw bl 5 (Sl
Sl Slogad 15 diwd Pge (S (53,05 S5 ply po  law]
Slaogas 45 Sal S (laailiSiw b ol (Saims 1095 s
el gwl)S cladiliSiuw b odle (pl (S jl 5gs8 )b g3k
chby (SOl Gluogad bl Sal S ladihiSin (Kb ogw
Oish opl bl e el Al 4 Cuwd gpcums 3 Slas
ClaaliSin b ors 4l  Jlawl bglsw cladiges a5 cunl odldy LS
ol blseo (ladiges 4 Cund (5ytdn (Siud poe gl asl)S
L) egoge oyl ol s s Sal Siw slaailiSin b oad adlo
ol 350 Suwl)S Al i Hlw (SSle Gluogas 4 le o
oanliie ¢ pitan Casly Sal Kiw 4w b duslio > ingh opl 5
o= 3D (6yiaS Doty Hlde U cuwl ol sl ASA ) ool dgudi g0
lps g0 bl Sal Kiw 4w b ord adlo sladiges  Siws

b odgd o el 8 55 ol 5l ooliwl g 3)b (gjb Sluogms ASA

AT

Slgie (il clobglse 3 JB lad LialS b dous p>ims e
oS Wl (od Bkl 05 e bagl (Siwd jes Ll 4
S Glefl 5 51 39 5u0 58 e Gl crge 5 4 ASA
il ials 2l 5 Inalges s L33l b el ol 5 s
b oo gl Blie (St yos 4

il sladiges (Siud jee glie 5l bod GRIPI L orien
sldises clo)l Joto (cYU Cumlus S & yol (ol i aiwls
3 g bd Gl b oS i a4 cwled Sl 4 cans ]
ot Iniged (Sins jor ialS dadige el Syt pialS aons
o sy oS ITFT Lilesl cgdly 55 g 00 sl (S (6,138 )L
@l ond odlizul Limgh ol o el clabgle Swsd yee
bogas o5 5 58 slaptalesl o 9800 plol (a5 J S b,
ol Jolisio (ya b Vo 3l i Caalus b) pases slacdlaw] (<l
g o il labglie (Siud jos Gl col (Buw GhI
2 el (335 G5 ke b 35300 sl s G 1
e Rl & sl (6900 &S5 pl S5 0L iRl 5L o)
Klg5 o S 39 o0 jub Hawl bylste i goniiSs el JS cdls )
EBlS S 5,5 nlS 1y Ll ams el )y (S e
Syt el S 53 (e G ol g% 4 o5yl B
Sydign (S (S35 S5y il Lglsn 3 Shae

FYL i e ) eolatwl a8 ded o lis laged dwd g3 ol s
15 s 53 il gy 3 2 on (S o5 i 3 il sl
s yos 45 398 o0 badiged > (LIS IS Glise Gl el
3 ol ag bl 4SS ey o LialS |y Jawl bylske (sladiges
b |y (Sd yoe o Gl JBSly ol Fer @ Vee Sl A5
A2 o hals diges des )

oxlatwl a5 dad o i oS il a0 0 (S jes mlo
@ ! byl cladiges Swd poe b el oas el ASA
59938 odlo 1 aoyd 90 3 il pl b ol glalasMe LB l5ee
ol ol s el dgpie sl (RS ladiged 4 G (5pedd
oalitul e &y (ol bslseo )5 (25 (5,8 (ialS ol |y ggdse
Sloogad (s9y p o Olallae s (pien il ASA
opl 3 oolatul ol odly lis ASA L s el sla s (SS39ls5,

&S [A 9 Y\] J)L u,.dblg )L‘? 4;9]) 9 W‘)‘e‘ )».9 Ja_\o U )y»uo u.C—lJ odlo



FASY B YVAD doxio 0+ e Jlo & o)loud Y 095 ¢S ool (lpos suoiee 4yl

1000
:_1? 100 . | SPEEN
m
o
=
10
1000 10000 100000
(5 Fons s
BASA e ¥ Lsas 2l iaas & ASA wo)n F L sas Pl asgas

* | Ak

(il S ailaSoow b (glrdiged) 51,5 ilw 4 13 0 (glod 15 b bglbeo  Sinud U8, duny o & S5

Fig. 6. Comparison of fatigue behavior of mixtures at at 5 °C (granite aggregate samples)
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Fig. 7. Comparison of fatigue behavior of mixtures at 20 °C (granite aggregate samples)
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Table 5. Equation of fatigue and its coefficients in simple and modified asphalt samples with ASA (gran-
ite aggregate samples)

Ki K R? s A3l SulosT gles bl g5 s,
(21,5 5w)

WVY  /Fe5 MY Np 5 Uy \
= 9873 g 0406

A4 ¥YY O Aeve Ng 5 dopYhal 5 Y
= 9209 g~ 9377 ASA

ATOY /YN JMYE N o oo FLal 8 Y
= 8452 ¢~0361 ASA

A </IYAA  +/AAFA Nf Y- Jyss ¥
= 8110 g 938

SYYS Y0 A0 N Y- som Y Lal 8 b
= 6336 07035 ASA

YEVY YOV JJAYY  Np \ dop Flal 3 f
= 7672 037 ASA

ISl B+ 5 s 53 Ji o 21 395 5o o3l S o 3
VAR 55 clbigns 55 (Stud yas e o5 ol a0 Yo cglos
YAVY g WA 4 ASA o3k jl oo n ¥ oV ascis )3 &5 conl 039 JSuw
Ll 0w

a8 29 oo odalie l)S Al b onds aidle cladiges b aslie
o)) Dgudwe dwlS quswi Cldises (Sud jas e il led Liul38l b
5 Kol S alaSiw b oss adlo cladiges 3 (Siwd joe > ialS
Gl 0355 308" Sl S AliSiiw b duslis

$9y 3 o Slinlejl 5l ols zuls awslie 4 o) IS5 65
JBl cpl yd ol oais asly ASA sob> g ool L_;JLQ.J sladiges
ol Gl A5 sy 5 s 2 3 Laiged o J g5 b
ol |y (s poe w280 5 G5 @)W oy calio (ad dall, S
St pos 5 slades dgupy  Sind ol Cund 4 ol T aase
Sy e slis | ASA b ol Mol slebogls

PN 109.3)40 M wl)w 9 K2 9Kl )mlsu ‘u.iu.u> dslro
ol 0d 035l £ Jgan 3 labgls I S

yyay

S slbailiSin b o] (Saiiees 5 398 568 18 odawl Sluogas
ol 43 5 5 Lialiil s Wb Ll )l (5l Slogas & Sl
N yos g b Bl s o8 (IS )5 U 2500 ol &S
Cladiges dy50 50 Lol Wb il ladiges cpl p> (Hlawl clabglxe
cel ASA I oslinl ciS e ilS AliSis b ond ansle
50 0 gdl Glusgad oS Gl pl b 38 Sawe U dgd 0
b dgun
Sldises b alie oS daine dasMo 1 g A sl IG5 4 axg L
ASA L ons gl lawl cladiges l)S il b ons adle
(Slotiges b duglio > syt (Kins 2,Shae lelisdle LB o 4
5t ol > asg BB cgles lesls s dg3 5l S law]
Y 4 Gl oy ¥ e d (g peuds 00lo 3l oolasinl &S sl ] adiges
ol adle sladigel ;o oS Cunl 03)S dbul ase BB Cigles do
S Ve 5 g 3 o b 4 35 St S AliSe
@ ASA Lop ¥ oY (J S cladiged )3 (Siud jes e ¢ JISk
YU el 5 grdans 53 ool 0351 S OFAY 5 FYAYS FASAY 3 5



FAY 5 YVAD doxio VF -+ Jlo & oyleud DY )93 ¢S paol (lyas suoiges 44y

60000

50000 -

40000 -

P ot

30000 -

20000 -

(Jseew)

10000 -

S diges ASA 0530 ¥ Losss ol iges ASA so o F L osis 2ol diges

LW INR AR B ISl glsy . - Bl LSy - - E LN 2 B Slgkst. -

WlaSow b sdiged) 81,5 il da 13 0 glod yd (s iglejl 13 (KidenS a4y yoxie (SIS dluai A UG
(Sl Soow

Fig. 8. Number of breakdown cycles in the fatigue test at 5 °C (limestone specimens)
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Fig. 9. Number of rupture cycles in the fatigue test at 20 °C (limestone specimens)
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Fig. 10. Phase velocity dispersion curves for a steel pipe with outer diameter of 220 mm and wall thick-
ness of 4.8 mm

10000
1000
! \M&a\
N H
= 100 & O 4
10
1000 10000 100000
(IS Soud jes
B ASA 500 ¥ Loas Lol aiga A& ASA Loys T L sas polal aigas

M
oo FIA Coliud g pio oo YY+ Ja3 L g0¥93 algl 51 ca puw (3] s (Soo ) S

Fig. 11. Phase velocity dispersion curves for a steel pipe with outer diameter of 220 mm and
wall thickness of 4.8 mm
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Table 6. Equation of fatigue and its coefficients in simple and modified asphalt samples with ASA (lime-
stone aggregate samples)
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