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Abstract — The asphalt layer of pavement constitutes the moisture susceptibility [3]. Damage through moistis a

most important part of pavement because of its diret
exposure to various damaging factors including weher
changes and traffic loads. For this reason, resedrers have
always tried to find methods to reduce damages ankbwer
the costs of repair and maintenance. In cold and &ezing
weather, the surface layer of pavement is exposed intense
stresses, which increases the risk of damage. Inldcareas,
moisture susceptibility is a critical factor in damaging the
surface layer of asphalt. Little research has beenoaducted
on the bitumen content as a factor reducing moiste
susceptibility. In this study, the effect of bitumea content on
moisture susceptibility in freezing and cold weathe and
under freeze-thaw cycles has been examined and tbkeanges
in moisture susceptibility have been compared to thse in the
specimen made with optimum bitumen content. To thiend,
asphalt mixtures with various bitumen content were
prepared and subjected to Marshall Immersion Test ad
Indirect Tensile under various cycles. The resultstow that
as the number of cycle increases, the resistance tfie
specimens reduces and as the increases in the biteim
content, the reduction becomes less. Also, the speens with
a higher bitumen content than that of optimum bitunen
content show less moisture susceptibility.

Keywords — Asphalt Mixture, Bitumen Content, Moisture
Susceptibility, Indirect Tensile Strength, Freeze-Thw Cycle.

. INTRODUCTION

Researchers have always tried to design asph
pavement that has the highest durability in various

climatic and environmental conditions. To optimitte
function of asphalt pavement is to enable it toistes
damages. In cold areas, temperature and moistarenar
main damaging factors. The asphalt mixture is
viscoelastic material which is affected by tempeamat1].
As a viscoelastic material, bitumen plays a prominele
on determining many aspects of road performancelfi?]
cold weather, it is subjected to intense stress,mtomes
susceptible to damages, so the mixtures used th aad
warm areas are different.

Normally, bitumen is adhered to aggregate mateimals

the absence of water without any problems, butesin

aggregate materials absorb water faster and bgtéar
bitumen, therefore not only the presence of absbvmer
creates damages to the adhesion of bitumen to gafgre
materials but creates various problems leading
weakening or damaging bitumen and materials. Timd k
of damage, since it is either directly resulted nfro
moisture or is aggravated by moisture, is refeti@ds

to

major failure in asphalt pavement, especially ild@reas,
which consists of loss of resistance and durability
asphalt mixtures; it is made of two basic procesddess

of adhesion and loss of cohesion [4]. Loss of aidihes
happens when water is trapped between bitumen and
aggregate and results in the separation of bituneen the
aggregate surface. And loss of cohesion happens whe
water and bitumen are mixed, resulting in a changbae
properties of bitumen. Moisture susceptibility daa the
result of either of these two processes or a coatioin of
them [5].

Various factors affect the amount of damage resyilti
from moisture. Some of these factors are relatethéo
mixture materials forming hot mix asphalt such as
aggregates (physical characteristic, compositiust énd
clay coatings) and bitumen (chemical compositicadg,
hardness, crude source, and refining process).oftiner
factors related to mixture design and construction
environmental and traffic condition and properties
additives [6]. As a result of the existence of waite
pavements, water is trapped between the bitumendiid
the aggregate materials surface, and since ther ladis a
stronger tendency to absorb water, the adhesion is
weakened and the inner resistance of the asphsitimaiis
reduced, resulting in rapid development of ruttizgd
fatigue cracks [7]. Another damage resulting frdma bad
aertfects of the water lie in the displacement oftedpfilm
and causing structure damage through the volume
eéxpansion when temperature decreases [8].

There are many methods to examine moisture
susceptibility of asphalt mixtures. The most comnuin
these methods include: Marshall Immersion Test|igpi
ater Test, Static Immersion Test, Littman and riedi
Littman. However, several disadvantages are adsocia
with the current test methods, and the effectivenels
these procedures has been questioned [9].

How to reduce the damages caused by asphalt mixture
after a freeze-thaw cycle still remains a probler. [
Therefore attempts have been made to offer a better
estimation of moisture susceptibility of the asphailxture

y improving testing methods and procedures [10je
at a better understanding of moisture damages pifadts
mixtures, other studies have examined the concefatted
to the key properties of materials such as fracture
parameters, surface energy, air void, penetration
coefficient and adhesion specifications. Also, ottadies
have been done on using different additives forehesing
moisture damages to asphalt mixtures, which shdwas t
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anti-stripping additives can have a positive effeotthe bitumen content. For the Marshall Stability and fltest

adhesion of bitumen to aggregates and, in generalnd indirect tensile stiffness modulus test, thecspens

decrease moisture susceptibility. were compacted by using 75 blows on each side of
Pavements disposed to cold weather have lesglindrical specimens at 4+0.5% air void. As foreth

compressibility and have more air cavities than thmdirect tensile strength test the specimens were

pavements disposed to warm weather. This coulegt@ser compacted in order to have 6—-8% air void.

pavement susceptibility to moisture damage [11hc&i

moisture susceptibility is a critical and determapifactor IV. MARSHALL IMMERSION TEST

in preparing asphalt mixtures in cold areas, tihe @i this

research is to reduce this determining factor V\ﬂth.lBlng At first, Marshall Specimens were prepared using

additives and by using the research on the efféct @arshall standard hammer with 75 impacts on eati of

bitumen content parameter on producing specimens fghe specimen. Two groups of compressed specimeres we

decreasing moisture susceptibility at differentlegc To ysed in this method. The average specific weighthef

this end, specimens are produced with various WEtumthree groups must be equal. The first group wasimpat

content and optimum bitumen content (OBC) and akgater bath of 6Q for a period of 30 minutes. The second

subjected to different freeze-thaw cycles and ffieceof  group was also put in a water bath of6but for a period

various bitumen content on moisture susceptibditithe of 24 hours, according to standard (AASHTO T16%)][1

specimens and the changes are studied. A pressure with destruction accelerate rate of Bi/min
was applied to both groups at@%nd Marshall Flow and
II. MATERIAL AND METHODS stability are registered. Marshall Quotient wascekited

by measuring Marshall Flow (mm) and stability. Mzl
The aggregates used in this study are crushedtbmes Quotient is an appropriate criterion for strength o
whose specifications are stated. The grading ofeagge materials against shear stress, permanent defamsadind
materials is the Topeka cohesive grading of hohalsp also rutting [16]. The high percentage of Marshall
mixture. In this research, neat bitumen of 85/10Quotient shows the high level of hardness of asphal
penetration grade has been used in all specimédmsfull  mixture and its high ability in expansion of indaad and

specifications are shown in Table 2. also resistance to creep deformation [17]. Retained
Table 1: Engineering properties of aggregates Marshall Stability (RMS) is calculated using theeeage
Properties Value stability of each group using the following relatio
Coarse  Fine MR
L.A abrasion (%) 36 - RMS= MR2 *x100 1)
Absorption (%) 3.2 4.3 ! o
Bulk specific gravity (g/cm3) 255 248 Where MR is Mz_;\rshall Stability average for dry
specimens and MRis Marshall Stability average for

Apparent  specific ravit
(gF;Em3) P graviy 2 62 2.59 specimens taken after the conditions have beerneappt

is used as an index for moisture susceptibilityagphalt
mixture. The minimum amount of RMS for preventidn o
moisture damage must be 70%.

Table 2. Properties of the bitumen used

Properties Specification In the Marshall immersion test, 30 specimens with
ﬁgﬁ;frlgt%rr?\gégz(gﬁﬁm) 192_27 4_.5%, 5%, 5.5% ar_ld 6% bitumen content and opt?mum
Softening point (C) 46 b|tumer_1 _contgnt with 5.2% were l_Jsed. The specimens
Ductility @25 C (cm) 100 min were d|V|(_j_ed into two groups. The first group was m

Loss on heating (%) 0.5 max dry conditions and the second group under AASHTO

232 T165 standard conditions for applying moisture

Flash point (C) conditions. For both groups Marshall Stability paeder

in immersion (MR) and flow modes were registered an
I1l. SPECIMENS PREPARATION AND TESTING  tho Retained Marshall Stability (RMS) was deterrdiie
METHODS each cycle.

The asphalt mixtures were conducted by using the \/ |NDIRECT TENSILE STABILITY TEST
standard Marshall Mix design procedure with 75 [sam
each side of specimens. Marshall Specimens weréThe aim of modified Littman test (AASHTO T283) [18]
compacted and tested accp_rdlng to bulk specificigrav 55 to evaluate the susceptibility of asphalt nasu
(ASTM D2726) [12], stability and flow test (ASTM g4ainst moisture damages [19]. This standard offeray
D1559) [13], and maximum theoretical specific 9MVitfor preparing specimens and measuring changes of
(ASTM D2041) [14] standard procedureos. The optimumgiagonal tensile strength of specimens caused ly th
bitumen content was found to be 5.2% by weight Offrects of saturation and freeze-thaw conditions tioe
aggregate for the asphalt mixtures. Specimens Wefgpnalt mixture specimens in the laboratory [20fsTest
prepared with 4.5%, 5%, 5.5%, 6% and 5.2% (OBQYompresses the specimens to achieve air void wtio

Copyright © 2014 1JEIR, All right reserved
910



International Journal of Engineering Innovation & R esearch
Volume 3, Issue 6, ISSN: 2277 — 5668

%7+1. Then the compressed specimens with differentAs shown in figure 1, Marshall Stability of all
bitumen content - three specimen in dry conditiansl specimens was reduced after moisture conditionse wer
three specimens under saturation conditions (70}80% applied. Also, this figure shows the effect of biken
are tested after they are subjected to a freeze-tjale. A content on Marshall Stability of specimens. As e see,
cycle consists of 16 hours of freeze inCl&mperatures an increase in the bitumen content will lead tosles
and a 24-hour 8D water bath. Indirect tensile strength testeduction in the stability of specimens. Also, d® t
is done on specimens with loading ratio of 50 mmjrttie  bitumen content goes higher than the optimum bitume

ratio is calculated using the following relation: content, the initial Marshall stability of specinsereduces.
2P But the specimens with a higher bitumen contenh tha
—_ max . . N .
= (2) optimum bitumen content will have higher Marshall
7Dt Stability after the application of cycles, to theing where

'Where Pmax is the maximum applied load and D is th@arshall Stability was reduced by 8% in the specisne
diagonal of specimens and tis specimen’s avereigéth  vith 6% bitumen content. This reduction is 29% foe

Moisture susceptibility of specimens is calculatsthg  specimens made with optimum bitumen content of 5.2%
the following relation by calculating tensile stgéh  This happens because the air voids between thegafgs
(TSR): are filled with bitumen and as a result less wptaretrates

T :%xloo @) into the specimens.

1

Where S is indirect tensile stability average for dry
specimens and,Ss indirect tensile strength average for
specimens applied after the completion of freeasvth
cycle. The minimum level of TSR for prevention of
moisture damage must be 80%.

ma5%
5%

5.2% (0BC)
m55%
6%

VI. FREEZE-THAW CYCLE TEST T

Number of freeze-thaw cycles

r|:ig.1. Marshall Stability values of the specimerfobe
and after freeze-thaw cycle.

The freeze-thaw is a natural phenomenon which ca
have a destructive effect on the pavement undeciape
circumstances. When the pavement is exposed toirfigee
condition, the inflation caused by the freeze-treawd the  Figure 2 shows the relation between Retained M#rsha
failure caused by the increased volume of the watStability and bitumen content in the specimens: |ateer
penetrated into the inner layer of the pavementazarse increases as the former increases. This increaseris
damages. linear since by increasing the bitumen content fehBto

Sixty specimens were used in the indirect tensilt,t 5, the retained Marshall Stability increases by 20%is
which, like Marshall Immersion test, were prepausthg increase is only 11% for the specimens made wibo5of
specimens with different bitumen content. Each ld t pitumen.
specimens with different bitumen content was subjto 1

0, 1, 2, 4, 6 and 8 freeze-thaw cycles. 09 =
oe /
VII. DETERMINING THE OPTIMUM BITUMEN 7 o
CONTENT -l
4 i

To determine the optimum bitumen content, the b&om -
content with 4.5%, 5%, 5.5% and 6% have been used ,
the preparation of specimens of asphalt mixtur€ven o
the results of the Marshall tests, the optimum rbén i
content for asphalt mixture was determined to Bé&4b5. ¢ = 2 5 ’ =

Bitumen Content (%c)

Fig.2. Effect of freeze-thaw cycle on Retained Matk
VIll. MARSHALL IMMERSION TEST RESULTS stability.

The results are shown in Figures 2-4. They show Figure 3 shows Marshall Quotient in the initial
Marshall Stability, (RMS) ratio of Retained Marshal conditions and also after the application of theistupe
stability and Marshall Quotient respectfully. Ineth conditions. As shown in this figure, the Marshalbtient
Figures, the results for each bitumen content Hzeen reduces for both Specimens (after and before the
shown with a separate color and O cycle referseitst application of moisture conditions). The reductisriess
done on specimens without moisture conditions. &hesn specimens made with higher bitumen content, kwhic
figures present the mean obtained from the threés teshows that specimens made with higher bitumen obnte
conducted on the specimens. lose less stability upon the application of moistur
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conditions and have higher stability against pemnan

deformation.

5.2%(08C)
=55%
" 6%

o

1
Number of freez-thaw cycles

Fig.3. Marshall Quotient values of the specimertenn
freeze-thaw cycle.

IX. INDIRECT TENSILE TESTSRESULTS

Figures 4 and 5 show the stability of indirect tlenef
specimens and relation of indirect tensile stabfiESR)
of specimens with 4.5, 5, 5.5 and 6% bitumen cdrdaed

optimum bitumen content (5.2%) under different egcl
respectively. The amounts stated in the figuresessmt

the average of three specimens. Figure 4 showsftbet
of bitumen content on decreasing the stability rafirect

tensile of specimen under different cycles. Alshe t
stability of indirect tensile of all specimens reds as the

number of cycles increases. This reduction is duthe
loss of mixture adhesion or cohesion of bitumenthae
initial cycles, the stability decreases drasticdiiyt then

International Journal of Engineering Innovation & R esearch

Volume 3, Issue 6, ISSN: 2277 — 5668

Figure 5 shows the amount of TSR in different cycle
As shown here, TSR decrease by 60% after 2 cycldi
specimens with optimized bitumen but then slowhcirees
51%. This amount for specimens with 6% bitumen8%7
and 72%. Therefore the effect of bitumen on thecfion
of asphalt mixture under freeze-thaw cycles is very
important.

12

——45%

—m—5%
5.2% (0BC)
——5.50%

——5%

Fig.5.Impact of freeze-thaw cycle on tensile strengtlorat
of the specimens.

The test results show that the function of all apeas
decreases as the number of cycles increases. @tiisate
in stability can be divided into two kinds, firsttiie rapid
decrease of stability in initial cycles and ther tslow
decrease of stability after the second cycle. Tdreape in
initial cycles is due to the expansion of water the
mixture resulting from temperature changes. Onatier
hand, the moisture susceptibility of specimens eEs®s

the decrease rate will slow done. This decreask beil
much less in specimens with higher percentage
bitumen. In fact, the stability decrease in thstfirycle is
due to the expansion of water as a result of a inse
temperature, which causes microscopic fractureshan
specimens and drastic decrease in their stabllitythe
subsequent cycles, after the holes are expandedgkno
and are connected to each other, water flows irhthes
due to temperature gradient. Thus damages from the

expansion of water decreases and the specimensekse g study examined the performance of asphalt

stability. In fact, an increase in the specimensirben iy res with various bitumen content under 1, 2% 4nd

content improves the cohesion and adhesion of tR€soaze thaw cycles. The results are as follows:

mixture, preventing water from being replaced With 1 = pjyymen content has an important effect on the

bitumen on the surface of the aggregates. As & éfem o formance of the asphalt mixture. With the grgdised

the figure, the specimens produced with .5'5 a”“‘mn in this study, the mixture shows a better perforoeam

content show a better performance against appyetes piqpar pitumen content under freeze-thaw cycleserAs

and have less moisture susceptibility than the iBET .65 TSR increases from 51% to 72%. Thus using

produced by optimum bitumen content (5.2%). bitumen with a higher content than optimum bitumen
content improves the moisture performance of thphals

N _.'t\ mixture. _

2. As the number of freeze-thaw cycles increasks, |
— s and TSR decreases, so that an increase in the éitum
B content will reduce reduction in various cycles.

" 3. The damages resulting from cycles can be divided
into two kinds: a reduction of resistance in thstfcycle
as a result of water expansion in the specimenstalue
ol . . = . ” rise in the temperature, which in turn results idrastic
decrease in the resistance of the specimen. Irequbst

Fig.4. The variation in the ITS of the specimendemdifferent cycles, after the cavities become big enough to, jwater

freeze-thaw cycle.

as bitumen content increases. Therefore, in co&hsar
@hoisture susceptibility is the main and criticalcttar

responsible for asphalt damages. This suscepyiloéih be
improved by using more optimized bitumen. It iskie

noted that other effective factors on the paymemstralso

be taken into account.

X. CONCLUSION
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flows in them. Thus the damage resulting from watdit5] AASHTO T165.Standard method of test for effect of water on

; ; ; cohesion of compacted bituminous mixtureAmerican
expansion reduces and resistance will subsequesttlyce Association of State Highway and Transportation @

less. (2007)
4. The results of Marshall test show that whilengsa [16]  Zoorob SE, Suparma LB. Laboratory design and ifyatibn of

higher bitumen content reduces resistance and the  the properties of continuously graded asphaltic coete

Marshall quotient before moisture affects, after éffect g‘;’:;ai(’:‘g‘n%rreccg’rﬂ;dz F("zaoséig)szg%%’zeg;te replacerfastiphalt).
of moisture, the specimens with a higher bitumenteat [17] Kok BV, Yilmaz M. The effects of using lime and mtpe—

show better resistance against permanent defornsatis butadiene—styrene on moisture sensitivity resistasfchot mix
the bitumen content increases, moisture suscaptibil asphaltConstr Build Mater23 (2009) 1999-2006. ,
reduces and specimens with a higher bitumen contdhf! ~AASHTO T 283. Standard method of test for resistan
h d isture conditions. a better perfoaaan comp_acted hot m_|x'asphalt (HMA) to mmsture-mdudadngge.
show, under moisture ns, ! p American Association of State Highway and Transgiarh
than the specimens with an optimum bitumen confieme. Officials, (2007).

performance improvement does not change in praporti[19]  Khodaii A, Haghshenas HF, Kazemi H. Effect of gragiand

; ; ; ; ; ; lime content on HMA stripping using statistical imedology.
with the increase in bitumen content. Thus in areas Const Build Mater34 (2012) 131-135.

which moisture susceptibility is the main damagi@gfor,  20]  Asphatt Institute.Mix Design Methods for Asphalt Concrete
the situation could be improved by increasing thénoum .Manual Series (M.S-2)Sixth Edition. (College park. Md.),

bitumen content. It is to be noted that other danmag (1993).
factors should be taken into account as well.
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