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Abstract 
Multiple refineries in Iraq supply asphalt cement. The diverse environmental 
conditions across the country had prompted the flexible pavement to adapt, resulting 
in a significant temperature range of -15℃ to over 65℃. The potential for aging in 
asphalt binders can vary. An attempt has been made in the present investigation to 
assess the influence of short and long term ageing on temperature susceptibility of 
asphalt concrete prepared by using dense graded aggregate and three types of asphalt 
binder obtained from daura, erbil, and nasiriyah refineries located at middle, north and 
south regions of the country. The physical properties of asphalt cement samples were 
tested using classical methods, including measuring their stiffness modulus, 
penetration index, and creep stiffness. Asphalt concrete specimens of 102 mm in 
diameter and 63.5 mm in height were prepared using the prementioned binders and 
subjected to temperature susceptibility determination. The specimens were subjected 
to temperature susceptibility determination. It was concluded that implementation of 
asphalt binder of the same penetration grade but from varied asphalt sources from 
(erbil, doura, and nasiriya) have produced different behavior under ageing. Erbil 
binder exhibit the lowest temperature susceptibility of 50 kpa/°c after long term ageing 
and highest creep stiffness of 270 mpa after practicing 7 hours ageing among daura 
and nasiriya binders regardless of ageing periods.
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1. Introduction 

The climate in Iraq is classified as continental, with scorching summer temperatures soaring up to 65℃ and freezing winters 

with temperatures dropping to -15℃. This is a significant concern for the flexible pavement's performance, leading to rutting 

during the summer and thermal low temperature cracking during the winter. Nevertheless, numerous oil refineries manufacture 

asphalt binder with the same penetration grade but varying chemical compositions. This may determine whether a particular 

binder is suitable for the environmental conditions as reported by sarsam [1]. According to Sirin et al, [2], aging refers to the 

alterations in the rheological properties of asphalt binders as a result of changes in their chemical composition during the 

construction process and throughout their service life. As people grow older, the asphalt material becomes stiffer and more 

brittle, which impacts its durability and increases the likelihood of distress. Jing et al., [3] employs dynamic mechanical tests 

(frequency sweep, fatigue, and relaxation) to examine the impact of ageing on the viscoelastic properties of bitumen. The stress 

relaxation test was deemed more appropriate for assessing the ageing process of bitumen. The aged bitumen exhibited higher 

levels of residual stresses and longer relaxation times. As a result, it was discovered that aged bitumen was more prone to stress 

accumulation and consequently, cracking. Glover et al, [4] discusses that the ageing of asphalt binders happens during the 

manufacturing process of asphalt mixtures and while they are in use, when they are exposed to the environment around them. 

As shown in figure 1, the initial stage of aging in asphalt mixtures happens rapidly when the mixture is produced at a very high 

temperature. 
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Fig 1: Typical Ageing response of Asphalt Binder 

 

Wang and others, [5] stated that the warm susceptibleness of 

blacktop cover is thought out as an main rheological 

possessions, being had connection with allure strength to 

oppose constant deformity. Hotness susceptibleness indicates 

by means of what fast the characteristics of blacktop binders 

change accompanying hotness in agreements of indications 

in the way that separation energy, seepage index, and 

stickiness-hotness susceptibleness. Cholewińska and others, 
[6] proven changed blacktop limits following in position or 

time temporary and enduring getting along and the complex 

modulus and time angle were calculated. It was established 

that by way of deteriorating, the reduced bituminous 

substanced accompanying greasy amines enhances a material 

awake stowing opportunity and as a consequence shows a 

sticky reaction. The mellowing process causes an increase in 

complex modulus results either of greasy amines reduced 

bituminous substanced. Still, for fear that of fuller changed 

bituminous substanced a decrease in results was noticed. The 

synthetic and machinelike characteristics of blacktop often 

with sticky material progress accompanying occasion by way 

of bituminous substanced developing in accordance with 

Ling and others, [7]. The weapon that shoots enhances more 

fragile and compulsive breaking, accordingly chief to inferior 

blacktop acting. It was decided that two together the synthetic 

and machinelike features of mortars considerably 

transformed accompanying growing. Particularly, the 

carbonyl index, inflexibility, and substance of the large gun 

raised. Lv and others, [8] illustrated that flexibility and 

infiltration of bituminous substanced belittle by way of 

deteriorating, while softening point and explosion hotness 

increase in the process. Additionally, the stickiness increases, 

and bituminous substanced enhances stiffer. Rahmani and 

others [9]. Established that the inflexibility modulus increases 

on account of fermenting, and this increase maybe until 4 

occasions contingent upon the type of blacktop. This concede 

possibility cause the combination to enhance extravagantly 

hard and tense and naive to decomposition and fatigue 

breaking at depressed hotnesses. Methods beginning cover 

maturing contain Burning, effervescence, and steric 

thickening of blacktop combinations in accordance with 

Anderson and Bonaquist, [10]. All the while result, laying, and 

compaction, blacktop combination is bear hardship bigger 

hotness that causes becoming older on account of corrosion 

and misfortune of changeable compounds. In another way, 

unending fading all along help periods takes place at lower 

hotness generally on account of disintegration method. 

Fernandez-Gomez and others, [11] established that 

Effervescence is another main method that happens all along  

passionate joining and creation of blacktop cement. At 

extreme hotnesses, easier microscopic pressure can zap and 

escape into the air. When thin blacktop film encounters 

aggregate at extreme hotnesses, scented parts fast dissolve, 

and asphaltene parts mainly increase 'tween 1 and 4%. Smog 

and steams are create by way of this response contingent 

upon the contact surface district middle from two points the 

blacktop film and the aggregates. On account of burden 

misfortune, blacktop flow features are shortened, namely, 

stickiness is afflicted by effervescence, particularly likely the 

speed accompanying that effervescence takes place. 

Nevertheless, Steric thickening, happens over occasion when 

blacktop cements are unprotected to depressed hotness. In 

this place process, microscopic construction of blacktop is 

reorganized, moving allure asphaltene parts as noticed by 

Swiertz, [12]. Results of steric thickening are raised stickiness, 

slight capacity shortening, and eventually the thickening of 

blacktop. Steric thickening is more evident at hotnesses 

nearly 0°C and must be deliberate while experiment blacktop 

at very depressed hotness. It was decided that as this 

thickening is a result of fundamental rearrangement of the 

particle at reduced hotnesses, it maybe turned through heat or 

machinelike work. Rheological description of bituminous 

substanced contains experiment for age thickening, hotness 

susceptibleness, clip susceptibleness, inflexibility, and 

stickiness in accordance with Miró and others [13]. The 

belongings of test type, blacktop cement type, limiter type, 

and content, on hotness susceptibleness of blacktop cover 

were examined by Inactive and Al-Haddad, [14]. The results 

accompanied that utilizing separation energy, that is the slope 

of blacktop binders vital cut stickiness and the test hotness, 

for flow admitted perception of blacktop cement’s 

susceptibleness to hotness alternative. Molenaar and others, 
[15] intentional the belongings of developing on the 

machinelike traits of black binders in blacktop actual. The 

results presented that maturing raised the stiffness of the 

black binders but depreciated the strain at break. In current 

study by Sirin and others, [16] and Yin and others, [17] on 

blacktop combinations, it was pointed out that random field 

mellowing of blacktop combinations over wisdom and the 

surface of the blacktop blacktop is raise expected old faster 

than below. Elwardany and others [18]. Stated that 

frangibleness increases accompanying preparing ending 

under all slumping trends, and over come into sight in-field 

aid environments. In an appropriate, fatigue breaking 

opposition and grit of blacktop combinations is concerned, 

that hopeful more notable as the hotness increases. 
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2. Materials Characteristics 

2.1. Asphalt cement 

Blacktop cement presented from three various lubricate 

refineries at the middle, northward and on west side when 

facing north domains of Iraq (Dura, Erbil, and Nasiriya) have 

happened achieved in the inspection. Table 1 exhibit the 

tangible characteristics of blacktop cement samples. It maybe 

eminent that the blacktop binders are of infiltration grade (40-

50) but accompanying changing tangible and rheological 

features.

 
Table 1: Physical properties of asphalt binder 

 

Physical property as per ASTM, [20] Unit 
Asphalt cement source 

SCRB,[21] Specifications 
Doura Erbil Nasiriya 

Penetration (ASTM D-5) 0.1mm 41 45 43 40-50 

Softening Point (ASTM D-36) °C 49.4 48.2 53.8 ------ 

Ductility (ASTM D-113) Cm 144 132 117 +100 

Flash Point (ASTM D-92) °C 275 268 265 >232 

Penetration Index --- -1.77 -0.64 -1.88 ------ 

Stiffness Modulus (kN/m2) 78 140 80 ------ 

After Thin Film Oven Test (ASTM D-1754) 

Retained Penetration % 66 64 61 >55 % 

Ductility Cm 87 79 65 >25 % 

Loss in weight on Heating % 0.3 0.27 0.35 ˂ 0.75 

 

2.2. Rude and Fine Aggregates 

The aggregate secondhand in this place work was got from 

AL- Nibaie goal; it exists of humiliated quartz, hard, tough, 

grains, empty harmful meanings. The aggregates are usual in 

Baghdad for blacktop factual blacktop building. The rude and 

fine aggregates secondhand in this place work were divided 

to various sizes by filter, therefore recombined in the correct 

distributions to meet the tiring course classification as 

necessary by requirement SCRB, R/9 [21]. The tangible 

characteristics for the aggregates are bestowed in Table 2. 

 

3. Experiment Forms 

3.1. Turning Beam Rheometer (BBR) Test 

The BBR is planned to distinguish the depressed-hotness 

demeanor of black binders. The turning beam rheometer as 

per ASTM D 6648, [20] was executed to decide the flexural 

slink inflexibility of black binders. The proven beam example 

of 125mm time and 12.5 mm breadth and 6.25 mm crest was 

situated as merely backed beam in the three point turning 

beam device proved in Figure 1 and practices a fixed lurk 

load of 980 mN (100 gm) used to the beam center for 240 

seconds. At the same time, the upright deviation was 

calculated as a function momentary. A reduced hotness soap 

(extreme cold) is used to control the hotness (at nearly -18 

°C). The slither inflexibility of the test sample for the 

particular stowing opportunities is planned from the turning 

stress and strain. The excellent concrete qualifications 

demand that the slither inflexibility does not surpass 300 MPa 

at 60 seconds. 

 

3.2. Thin Film Microwave Test (TFOT) 

The thin film stove test as per ASTM D 1754 [20] is executed 

to judge the changes in tangible characteristics of blacktop 

cement by way of allure uncovering to heat and air 

(temporary maturing process) all along unoriginal vehement 

joining in blacktop plants. A 50-gm sample of blacktop cover 

is established in a flat carton (140 mm width) happening in a 

film denseness of 3.2 mm. Two or more of these crates are 

before arranged on a jutting alternating at 5 rpm to 6 rpm in 

an stove for 5 h at 163 °C. The bulk misfortune (%) in sample 

afterwards and before test is driven and the seepage, 

softening point and flexibility later thin film stove test are 

persistent. 

 

3.3. Growing of Blacktop Cement 

Blacktop cement has happened old by utilizing the thin film 

microwave oven test maneuver accompanying miscellaneous 

fermenting periods of (2, 3, 5 and 7) hours to confirm allure 

affect tangible and rheological possessions of blacktop 

binders. Infiltration, softening point, flexibility, and turning 

beam rheometer were persistent later each of the fading 

periods. 

 

3.4. Development of Blacktop Factual Combination 

The aggregates were bathed, drained to a determined burden 

at 110 ºC, and before filter. The linked aggregates 

combination was warmed to a hotness of (160 ºC) before 

joining accompanying blacktop cement. The blacktop cement 

was fiery to a hotness of (150 ºC) to produce a kinematic 

stickiness of (170±20) centistokes. Therefore, blacktop 

cement was increased the fiery aggregate to obtain the asked 

amount and assorted utterly manually for 2 notes of meeting 

as far as all aggregate atoms are covered accompanying thin 

film of blacktop cement. 

 

3.5. Maturing of Blacktop Factual Combination 

Slumping of combination was attended similarly AASHTO, 

R30 [22]. The temporary adapting of the combination 

simulates the plant-joining, conveyance, laying and 

compaction engaged. The complete adapting of the blacktop 

factual examples simulates the deteriorating of the 

compressed combination that will sustain all the while seven 

to ten age valuable. 

 

3.6. Temporary Stale 

In accordance with SHRP [23]. The promiscuous combination 

was established in a pan, and contaminate an even girth 

varying betwixt 25 and 50 mm. the combination in pan was 

established in the adapting kiln for four hours at a hotness of 

135 °C. Moving the lax join each 60 notes to uphold uniform 

preparing was administered. Later developing process, the 

easy join was detached from the compulsory-draft stove. 

Figure 2 exhibit the temporary growing up process. 

 

4. Results and Debates 

4.1. Influence of Deteriorating on Rheological Features of 

Cover 

The infiltration index, (PI) is a measure of the hotness 
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susceptibleness of bituminous substanced that maybe 

derivative mathematically from the infiltration and softening 

point test principles. Hotness susceptibleness is the rate at 

that the regularity of blacktop cement changes accompanying 

a change in hotness. Blacktop cements accompanying 

seepage index (PI) above (+2) have less hotness 

susceptibleness and are less fragile at reduced hotness. Big 

negative principles of (PI) display better hotness 

susceptibleness. Conventional concreting asphalts have (PI) 

principles 'tween (+2 and -2) that exhibits usual 

susceptibleness to hotness. Also, the negative sign of (PI) 

wealth that blacktop cement is more exposed to hotness in 

accordance with Forest and others [25]. 

Figure 3 shows the influence of growing ending on seepage 

index (PI) of blacktop binders. The infiltration index 

principles of miscellaneous control and old blacktop cement 

binders are inside usual limits of (+2 and -2) and their hotness 

susceptibleness is mainly rational. Nevertheless, it maybe 

seen that Erbil cover exhibit rude infiltration index as 

distinguished to different binders however the getting along 

periods. For control cover (before getting along), the (PI) of 

Erbil cover is (- 0.64) that is inferior that of Daura and 

Nasiriya binders by (63.8 and 66) % individually. 

Aforementioned scrutiny can signify lower hotness 

susceptibleness of Erbil cover and more rightness for use in 

concreting work when distinguished to different binders. 

Still, as the getting along ending increases, the infiltration 

index increases for Erbil and Daura binders while it decreases 

for Nasiriya cover. This maybe from the lower flexibility of 

Nasiriya cover before and later deteriorating (117 and 65) cm 

that signify lower volatiles and larger asphaltene content as 

distinguished to Daura (144 and 87) cm and Erbil (132 and 

79) cm individually. In another way, the rate of increase in 

negative (PI) advantage is (0.09, and 0.48) % for Daura and 

Erbil individually, while (PI) negative principles decreases 

by 0.18 %. Specific verdict display bettering in the fighting 

to hotness difference following in position or time growing 

up for Nasiriya cover, while the condition of Erbil and Daura 

cover decline subsequently growing. Specific judgments suit 

Sarsam, [26] work. 

The structure nomograph, Camper der Poel, [27] is used to 

decide the inflexibility modulus of blacktop cement 

established the test hotness, moment of truth of stowing, ring 

and sphere softening point and hotness susceptibleness 

(seepage index) for blacktop cement. The inflexibility 

modulus of differing blacktop binders was persistent at 

hotness of 60 o C, utilizing a alone stowing period of 0.02 

second. Moment of truth of stowing is nearly 0.02 second that 

t is had connection with the conventional traffic speed (50–

60 kph) in accordance with Crucial Interstate Research 

Program (SHRP) as subpoenaed by Chaser and others, [28]. As 

manifested in Figure 4, even though the binders have the 

unchanging seepage grade of (40-50), they exhibit 

miscellaneous inflexibility modulus principles of (78, 80 and 

140) kN/m2 for Daura, Nasiriya, and Erbil binders 

individually before growing up. It maybe famous that the 

inflexibility modulus increases during the whole of the 

deteriorating process. This concede possibility be accredit the 

stiffening of cover following in position or time constant 

deficit of volatiles. The inflexibility modulus increases by 

(118, 112.5, and 193) % afterwards seven hours of growing 

up for Daura, Nasiriya, and Erbil binders individually. 

Related verdicts were stated by Sarsam and Lafta [29]. 

The reduced hotness attitude of blacktop binders has existed 

from the Turning Beam Rheometer (BBR) test. The BBR 

measures a cover’s glide inflexibility that is an clue of allure 

opposition to warm breaking. The slink inflexibility 

performance at miscellaneous developing periods is shown in 

Figure 5. It maybe noticed that lurk inflexibility principles 

before and following in position or time deteriorating are 

inside the disadvantages of Superpave. It maybe eminent that 

the glide inflexibility increase accompanying growing the 

becoming older periods for all blacktop binders examined in 

this place study. The growing in lurk inflexibility refers to the 

case that slumping process converts the blacktop thickness to 

very hard and tense material. Erbil cover exhibit the maximal 

slink inflexibility of 145 MPa between Doura and Nasiriya 

binders accompanying (136.8 and 125.4) MPa individually 

before maturing. Following in position or time undertaking 

growing up, the lurk inflexibility increases by a rate of (81.8, 

74.2, and 84.4) % for Doura, Erbil and Nasiriya individually. 

This is further advocating the prior demeanor of Erbil cover 

as superior kind at everywhere hotness between added 

examined binders. Sarsam and Al-Sadik, [30] stated related 

conduct. 
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