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ABSTRACT 

        The performance of asphalt concrete pavement has affected by many factors, the 

temperature is the most important environmental one which has a large effect on the 

structural behavior of flexible pavement materials. The main cause of premature failure of 

pavement is the rutting, Due to the viscoelastic nature of the asphalt cement, rutting is 

more pronounced in hot climate areas because the viscosity of the asphalt binder which is 

inversely related to rutting is significantly reduced with the increase in temperature 

resulting in a more rut susceptible paving mixtures. The objective of this study is to 

determine the effect of temperatures variations on the permanent deformation parameters 

(permanent strain (p), intercept (a), slope (b), Alpha and Mu) as well as   resilient strain 

(r) and resilient modulus (Mr). To achieve this objective, one aggregate gradation with 

12.5mm nominal maximum size, two grades of asphalt cements (40-50 and 60-70) brought 

form Al- Daurah refinery, limestone dust filler has been used to prepare the asphalt 

concrete mixtures. 30 Marshall specimens were prepared to determine the optimum asphalt 

cement content. Thereafter, 30 cylindrical asphalt concrete specimens (102mm in diameter 

and 203 mm in height) are prepared in optimum asphalt cement and optimum ±0.5 percent. 

The prepared specimens were used in uniaxial repeated load test to evaluate the permanent 

deformation parameters of asphalt concrete mixes under the following testing temperature 

(5, 15, 25, 40 and 60  c). The test result analyses appeared that Mr is decrease 51 percent 

when temperature increased from 5  c to 25  c and then decrease 22 percent with further 

increase in temperature from 25  c to 60  c. Also, the Alpha value decreases by a factor of 

1.25 and 1.13 when temperature increases from 5  c to 25  c and 25  c to 60  c, respectively. 

Finally, statistical models were developed to predict the Alpha and Mu  parameters of 

permanent deformation.                                                                                                            

Key word: Asphalt concrete, Marshall, permanent deformation, Alpha, Mu.                        

                                                                    

 للخلطاث الإسفلتيت  معاملاث التشوهاث الذائميتتأثير درجاث الحرارة على 

       علياء فالح حمذ العاني                                                                          أمجذ حمذ البياتيد.

 قطالبت ماجستير /هنذست طر                                                                         استار مساعذ           

 كليت الهنذست -جامعت بغذاد                                                                   كليت الهنذست -جامعت بغذاد                   

 المستخلص

 حةأثٍش امبةش ىٖةا اىخةً اىََٖةت اىَْاخٍةت  اىؼ٘اٍو ٍِ ٗاحذة ًٕ اىحشاسة دسخت ٗ ػ٘اٍو بؼذة ٌخأثش الإسفيج اىخبيٍظ أداء   

ىطبٍؼةت  ّظةشاٗ اىخخةذد ٕة٘ ىيطةش  اىَبنةش ىيفاةو اىسةب  اىشيٍسةًاُ . تىَ٘اد اىشصة  اىَشّة ّاايًاىسي٘ك الا أداء ػيى

 ا ٍغ اىخخذد لاُ ىضٗخت الاسفيج حشحبظ ػنسٍفً اىَْاطق اىَْاخٍت اىحاسة  ٌظٖشبنثشةفاىخخذد  اىَشّت/الاسفيج اىيضخت
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اىٖذف ٍةِ اُ  . ٗباىْخٍدت ٌؼطً حساسٍٔ امبش ىيخخذد ىطبقاث اىخبيٍظ اىزي ٌقو بانو ٍيح٘ظ ٍغ اسحفاع دسخاث اىحشاسة

ػيى ٍؼاٍلاث اىخإ٘اث اىذايٍَت ٍٗؼاٍةو اىَشّٗةت ٗىخحقٍةق ٕةزا اىَخخيفت حأثٍش دسخاث اىحشاسة  حذٌذٕزٓ اىذساست ٕ٘ ىخ

ٍةِ  (44-34()24-14)رٗ اخخشا   ّٗ٘ػٍِ اسفيج ٍيٌ( 2..4)بَقاط اسًَ اقصىشماً اىٖذف حٌ اخخٍاس حذسج ٗاحذ ىي

( َّةة٘رج 04ىخحضةةٍش) ٕةةزٓ اىَةة٘اد اسةةخخذٍج  .مَةةادة ٍاى ةةتاىَطحةةُ٘ ٍصةةفى اىةةذٗسة ٗقةةذ حةةٌ اسةةخخذاً اىحدةةش اىدٍةةشي 

 ) لاسةةفيخٍتٍةةِ اىخشسةةاّت ا ًاسةةط٘اَّّةة٘رج  (04) ٗمةةزىل حةةٌ ححضةةٍش ّسةةبت الاسةةفيج اىَثيةةى  ىغةةشت حؼٍةةٍِ ٍاسشةةاه

. اسةخخذً فةً  اىَثيىاىْسةبتٍةِ  %4.2±مةزىل ّسةبت ٗبْسةبٔ الاسةفيج اىَثيةى  حةٌ حٍٖ خٖةا (اسحفةاع ٍي40ٌ.قطش ٍيٌ .44

ً º(340140.204402) ذسخاث حةشاسةبةالاخخباس خٖاص اىحَو اىَخنشس ىخقٌٍٍ ٍؼاٍلاث اىخا٘ٓ اىذايًَ ىخيطةاث الاسةفيج 

ً  2º.اىى 2% ػْذ صٌادة دسخت اىحشاسة 24ٌٍِقو بَقذاس  ُ ٍؼاٍو اىَشّٗتو اىْخايح اظٖشث احيٍٗح ىفح٘صاث.ّخايح ا

ػْةذ صٌةادة دسخةت  2ٗ4.40..4ٗاٌضا قٍَت اىفةا حقةو بَقةذاس  ً 34ºاىى  2.% ٍغ صٌادة دسخت اىحشاسة ٍِ ..ّٗقصاُ 

 Muاىفةا َٗؼةاٍلاث اىاخٍشا  حٌ حطةٌ٘ش ٍة٘دٌلاث احصةايٍت ىيخْبةي بقةٌٍ ًٗ ػيى اىخ٘اىً. º(ٗ ً.2-34)º(2.-2اىحشاسة )

 ىيخإ٘اث اىذايٍَت.

1. INTRODUCTION  

       Asphalt concrete which is also called hot mix asphalt HMA due to its relatively high 

mixing and compaction temperature is a paving material that consists of asphalt cement 

(by weight of total mix its content range from 4 to 6 percent while by volume the contents 

range from 8.8 to 13.3 percent from the entire volume of mix) and mineral aggregate. The 

aggregate skeleton role is to withstand the traffic load whereas the asphalt cement acts as 

an adhesive material which holds the aggregate skeleton together. The combination of 

theses materials forms a mixture that has viscoelastic behavior basically due to the 

vsicoelastic nature of the adhesive asphalt cement. A viscoelastic material combines the 

behavior of an elastic solid and a viscous liquid. The proportions of the elastic and viscous 

components depend on the temperature as well as rate of shear. The viscous nature 

increases and the elastic nature decreases as the temperature increases and shearing rate 

decreases, and vice versa.  

     In the structural design of asphalt concrete pavement system, two climatic factors, 

temperature and moisture, are considered to influence the structural behavior of the 

pavement materials. Temperature, either their value which influences the stiffness (resilient 

modulus) and permanent deformation (rutting) parameters as well as low temperature 

fatigue behavior or their magnitude fluctuation within a day which can affect thermal 

fatigue cracking distribution within the asphalt concrete layers.  Whereas in the other hand, 

moisture conditions influence the stiffness and strength of the granular pavement material 

(subbase course and subgrade). Based on aforementioned, the design procedure requires 

the determination of pavement temperature values within the asphalt concrete layers of 

pavement in order to characterize the materials of these layers in the laboratory under 

condition as close as possible to that anticipated in the field. Albayati, 2006 conducted a 

local study to predict the temperature within the asphalt concrete layers at a different depth 

from the pavement surface and for varying air temperatures.  The researcher concluded 

from the developed relationship at a depth of 2cm below the pavement surface, the asphalt 

concrete could reach to a temperature of 60  c when the air  temperature is 50   c. In view of 

this findings, rutting mode of failure perhaps the most probable cause of failure for local 

pavement since this type of failure is more prevalent under hot climate condition.  The 
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permanent deformation (rutting) is defined as the progressive accumulation of plastic strain 

in each layers of the pavement system that occurs under each load repetitions. Excessive 

permanent deformation will eventually result in reduction of pavement serviceability due 

to loss in riding comfort, Bazlamit, 2005.  

Rutting is more pronounced in hot climate areas because the viscosity of the asphalt binder 

which is inversely related to rutting is significantly reduced with the increase in 

temperature resulting in a more rut susceptible HMA mix. Fig.1 shows the effect of 

temperature on log asphalt viscosity for a wide range of asphalt cement grades, 

Puzinauskas, 1979. From this Figure, it is obvious that the viscosity of asphalts vary from 

less than one poise to more than one trillion poises. Within such extreme viscosity range, 

asphalts are transformed from low viscosity Newtonian liquids to materials exhibiting 

shear-dependent visco-elastic behavior, where with decreasing temperature the elastic 

component tends to be predominant .Thus, the gradually changing curvature of plots in 

Fig.1 indicates that the viscosity of asphalt tends to change more rapidly at low 

temperatures, and such change becomes far less pronounced at higher temperatures when 

the viscous behavior is predominant. 

Beside the asphalt consistency which can be characterized by viscosity grading, 

penetration grading or performance grading, the asphalt cement content also has an effect 

on the permanent deformation of asphalt concrete. Based on the indirect tensile strength 

test for dimetral Marshall specimens, Zhaw, 2011, concluded that the asphalt cement 

content variation evaluated in his study has a significant effect on the rutting performance 

of the mixtures. The mixes with lower binder content showed better rutting performance, 

he also stated that even deviations within a small range (±0.25 percent) of binder content 

could significantly have an effect on rutting performance.  

Based on the aforementioned preface, it can be postulated that the temperature have a 

significant effect on the rutting mode of distress in asphalt concrete paving materials, also 

the asphalt cement types (grades) which control the viscoelastic nature of mixture and 

asphalt cement content  have some specific relations to this type of distress. Therefore, a 

need has been a rise to conduct a laboratory tests at temperatures approximately close to 

those which may be encountered in field under local environmental conditions after 

considering the type and asphalt cement content in consideration.     

2. MATERIAL CHARACTERIZATION 

 
      The materials used in this study are asphalt cement, aggregate and mineral filler. The 

properties of these materials were evaluated using routine type of tests and the obtained 

results were compared with the SCRB R/9, 2003, specification requirements. All the 

materials used are locally available and widely employed in the pavement construction in 

the Iraq. 
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2.1 Asphalt cement 

     Two types of asphalt cement were employed with penetration grade (40-50) and (60-70) 

obtained from Al-Durra refinery, south-west of Baghdad. The physical properties of these 

binders are presented in Table 1.                                                                                              

            

2.2  Aggregate 

 

      The aggregate used in the laboratory work is crushed quartz from Al-Nibaie quarry 

which is widely used for asphalt mixes in Baghdad city .The coarse and fine aggregate 

used in this work were sieved and recombined in the proper proportion to meet the wearing 

course gradation type III A as required by SCRB specification, SCRB R/9, 2003. The 

gradation of aggregate with a nominal maximum size of 12.5mm (1/2inch) is shown in 

Table 2 and the selected gradation with specification limits are presented in Fig.2. The 

physical properties of aggregate used are shown in Table 3.  
 
2.3  Filler  

 

      The mineral filler is a non-plastic material passing sieve No.200 (0.075mm). The filler 

used in this work is limestone dust obtained from Amanat Baghdad asphalt concrete mix 

plant; its source is the lime factory in Karbala Governorate. The physical properties of the 

filler are presented in Table 4. 

 

 

3.EXPERIMENTAL WORK  

     The experimental work was started by determining the optimum asphalt content for all 

the asphalt concrete mixes using Marshall design method and thereafter cylindrical asphalt 

concrete were prepared to evaluate the permanent deformation parameters using uniaxial 

repeated loading.                                                                                                                               

3.1 Marshall mix design  

     Standard method of Marshall as in (ASTM D-1559) specifications was used to find the 

optimum asphalt content for compacted asphalt concrete specimens. Marshall test was 

conducted on a cylindrical specimen of 102 mm (4 inch) diameter by 63.5 mm (2.5 inch) 

height. The optimum asphalt content of the mix (shown below in Fig.4 and Fig5) was 

calculated as the numerical average of the values of asphalt contents corresponding to the 

following:                                                                                                                                               

 Asphalt content at maximum unit weight 

 Asphalt content at maximum stability 

 Asphalt content at 4% air voids 
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3.2 Uniaxial repeated load  

The dimensions of the cylindrical specimen used in this work were 102 mm (4 inch) in 

diameter and 203 mm (8 inch) in height. The axial compressive repeated loads test were 

conducted using the pneumatic repeated load system (PRLS) developed by, Albayati, 

2006 (shown below in Fig.3) applied in the form of  rectangular wave with a constant 

loading frequency of 60 cycles per minute. A heavier sine pulse of 0.1 sec load duration 

and 0.9 sec rest period was applied over test duration of approximately 3 hour, history 

loading results in approximately10,000 load cycles or when the specimen fractured. In 

these tests ,repetitive compressive loading with a stress level 20 psi  and the uniaxial  

repeated loading  tests were conducted at five temperature (5º,15º,25º,40º,and60ºc).                                                                                                                      

The permanent strain (Ԑp) is calculated by applying the following equation: 

Ԑp =                                                                                                                     (1)       

where : 

εp = axial permanent microstrain,(in/in) 

Pd = axial permanent deformation and 

H= specimen height. 

 

The resilient deformation is determined at the load repetition 

of 200th , resilient strain ( εr ) is found according to following equation: 

 

               

        (2)            

εr = axial resilient microstrain,(in/in) 

Rd = axial resilient deformation and 

                          
  Mr  = (3)     

  where :                                            

Mr= resilient modulus (psi)                                                              

σ = repeated axial stress (psi)                                                           

εr= axial resilient strain (in/in) , Huang, Y. H. 2004.  

                                                

     The permanent deformation test results for this study are represented by the linear log-

log relationship between the number of load repetition and the permanent microstrain with 

the form shown in Eqn.(4) below which is originally suggested by Monismith et al.,1975 

and Barksdale, 1972.                                                                                                    

4))p = aNᵇ                                                                                                                        Ԑ 

where : 

p = permanent strainԐ 
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N = number of stress applications 

a = intercept coefficient 

b = slope coefficient 

 

4. TEST RESULTS AND DISCUSSION  

4.1 Marshall properties  

    To satisfy the requirements of the experimental design, Marshall mix design procedure 

was performed according to AI`s manual series No.2 (AI, 1981) using 75 blows of the 

automatic Marshall compactor on each side of the specimen which represent high tire 

pressure applied to roadway. Based upon this method, the optimum asphalt content is 

determined by averaging the three values shown below: 

- Asphalt content at maximum unit weight. 

- Asphalt content at maximum stability. 

- Asphalt content at 4% air voids.    

     For each grade of asphalt cement, 15 Marshall specimens were prepared with a constant 

increment of 0.3 percent of asphalt cement content (3 replications for each content). The 

selected asphalt contents to perform the Marshall mix design were (4.3, 4.6, 4.9, 5.2 and 

5.5) percent by weight of total mix, these values belong  to the mix type IIIA of wearing 

course.  

     Fig.4 and Fig.5 show the plots of the Marshall data for each type of asphalt cement, 

from these figures the calculated optimum asphalt content is 5 percent for asphalt cement 

grade (40-50) and 4.6 percent for grade (60-70).   

4.2 Effect of temperature  

       The analysis of the results begins by identifying “sort” variable: i.e., temperature. 

Therefore, the entire data file is sorted according to test temperature. For example, to 

clearly show the effect of temperature on both the plastic and elastic properties the entire 

data is sorted by test temperatures and the mean values of permanent deformation 

parameters are calculated as presented in Table 5.      

As may be seen from Fig.6, the permanent strain, intercept, slope, resilient modulus, 

alpha(1-b) and Mu(a˟b/εr) are substantially influenced by temperature. For example, when 

the temperature increases from 5 to 25
◦
C, the permanent strain and intercept increases by a 

factor of 6.77 and 1.55, respectively. The corresponding reduction in resilient modulus 

(Mr) is 51 percent. Further increase in the temperature from 25 to 60
◦
C, results in 

permanent strain increases by a factor of 6.27 whereas the intercept by a factor 2.57. This 

findings has the implication that the temperature effects on both the permanent strain and 

intercept are not linearly varied, i.e., the highest the temperature the more the rate of plastic 

deformation.                                                                                         

As shown by the values in Table 5 and Fig.6 it appears that the temperature 

influences the slope and the resilient modulus in essentially the same manner.  
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Furthermore, increase in the temperature from 25 to 60
◦
C, results in the resilient modulus 

decrease by 22 percent whereas the slope increase by a factor 1.85.                                        

      When the temperature increase from 5 to 25
◦
C, Mu increase  by a factor of 1.7 and 

Alpha decreased by a factor 1.25, whilst when the temperature increase from 25 to 60
◦
C 

Mu increase by a factor of 1.13 and Alpha decrease by a factor 2.12 . These findings 

besides that related to permanent strain and intercept confirm that the rutting mode of 

failure is enhanced in asphalt concrete pavement in hot summer temperature.                                       

                  

4.3 Effect of asphalt cement grade 

    Fig.7 shows the change in resilient modulus as well as the plastic deformation 

parameters with the variation of asphalt cement type. It can be seen from the presented data 

in Table 6, the asphalt grade has higher influence on the plastic strain as well as the 

intercept coefficient than other parameters. The variation of resilient modulus, slope and 

Mu values changes also with asphalt cement type but to lesser extent. For example, the 

average value of resilient modulus corresponding to asphalt grade 40-50 is almost 1.13 

times the value for asphalt grade 60-70 at 5   C.  The same is applicable to the permanent 

strain which is 1.85 times the value for asphalt grade 40-50 at the same degree.                    

                                                                                                  

 4.4 Effect of asphalt cement content 

        Based on the data graphically shown in Fig.8 and Fig.9, it appears that the examined 

asphalt contents have influence on the plastic response of the material. The higher plastic 

strain is associated with the increases in asphalt content from 4.5 to 5.5 and from 4.1 to 5.1 

percent asphalt for AC (40-50) and AC (60-70) respectively. From Fig.8 it can be seen that 

the increment of 1 percent in the asphalt content type (40-50) beyond 4.5 percent will 

result in 8 percent decrease in alpha value and 35 percent decrease in mu value. Whereas 

for the asphalt cement type (60-70) that shown in Fig.9 the change in alpha and mu values  

are more sensitive for the change in asphalt content, the increasing in asphalt content from 

4.1 percent to 5.1 percent resulted in   a reduction in alpha value about 12 percent as well 

as in mu value about 52 percent.   from the aforementioned findings, one can be concluded 

that the asphalt content variations have more effect on permanent deformation parameters 

alpha and mu when the asphalt cement grade is soft (60-70) as compared to relatively hard 

grade type (40-50). The resilient modulus decreases approximately 16 percent when there 

is an increment one percent beyond the 4.5 percent for AC 40-50, for the AC 60-70 the 

increment of one percent beyond the 4.1 percent resulted in a 15 percent reduction in the 

resilient modulus value.  

4.5  Combined Effect of Variable on Rutting Parameters  

       Table 7 summarizes the trends in the observed data presented in the preceding 

sections. This table provides a qualitative description of the influence of the temperature 

and asphalt cement (type and content) on the resilient modulus and plastic strain as well as 

the permanent deformation parameters.                                                                                                                  
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As shown in Table 7, the resilient modulus, Mr, is heavily dependent on   temperature; 

also it is moderately dependent on asphalt content.                                                                                                          

The plastic strain, εp , is very highly dependent on temperature, The asphalt content 

virtually have low effects on the plastic strain of asphalt concrete which is in turn 

moderately effected by asphalt grade.                                                           

The intercept coefficient “a”, which is directly related to rutting, is highly affected by 

temperature, and moderately dependent on asphalt properties (grade and content). 

Similarly, the slope coefficient “b” or alpha (alpha=1-b) is highly dependent on 

temperature and to a lesser degree on asphalt properties (grade and content).                                                                                                

Mu appears to be influenced strongly by temperature and asphalt content, asphalt grade 

have  moderate effect on Mu.  Fig.10 through Fig. 15 show the histogram of collective 

effects of temperature, asphalt content and asphalt grade on permanent deformation 

parameters as well as resilient modulus.  

   

4.6 Permanent Deformation Parameters Predictive Models: 

       Presented in this section, are the statistical models attempted for the permanent 

deformation parameters alpha and Mu. Stepwise regression technique is used for the 

purpose of model development using statistical software (SPSS version 19). It’s shown that 

Mu can be predicted with moderate accuracy in terms of the variables citied in this 

research (R
2
=0.85). In contrast to alpha, which is predicted excellently in terms of the test 

conditions and asphalt cement properties (R
2
=0.982). The developed models are: 

Alpha = -0.009T+0.167Lnη-0.06AC 

Mu=0.786-1.211√AC+0.242√T-0.021T+0.256Lnη 

where: 

T = test temperature in degree centigrade (
◦
C)                   

η = viscosity at 135
◦
C (cP)     

AC= Asphalt content (percent by weight of total mix)  
    
5.CONCLUSION AND RECOMMENDATIONS    

5.1 Conclusions  

According to the work presented in this research and within the limitation of test 

program, type of testing tools and type of materials used, the following main points are 

concluded: 

 

 The asphalt concrete mixture with resilient modulus (Mr) value of 328036 psi at 

5
◦
C temperature loses approximately 88 percent of its strength in term of Mr 

when there is a rise in temperature up to 60
◦
 C. The variation in Mr value with 
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temperature was shown to have non-liner trend, the asphalt concrete mix lost 

about 51 and 22 percentages of  its strength when the temperature changed from 

5
◦
C to 25

◦
C and from 25

◦
C to 60

◦
C, respectively. 

   

 The results of permanent deformation test support the allegation of "the higher 

the temperature the more the rate of plastic deformation". When the temperature 

increases from 5 to 25
◦
C, Mu increases  by a factor of 1.7 and Alpha decreases 

by a factor 1.25, whilst when the temperature increases from 25 to 60
◦
C Mu 

increases by a factor of 1.13 and Alpha decreases by a factor 2.12.   

 The increment of 1 percent in the asphalt content type (40-50) beyond 4.5 

percent resulted in 8 percent decrease in alpha value and 35 percent decrease in 

mu value. Whereas for the asphalt cement type (60-70) the increasing in asphalt 

content from 4.1 percent to 5.1 percent resulted in   a reduction in alpha value 

about 12 percent as well as in mu value about 52 percent   

 Models were developed to predict the permanent deformation parameters alpha 

and Mu 

                       Alpha = -0.009T+0.167Lnη-0.06AC     (R
2
=0.982) 

                      Mu=0.786-1.211√AC+0.242√T-0.021T+0.256Lnη       (R
2
=0.85) 

where: 

T = test temperature in degree centigrade (◦C)                   

η = viscosity at 135◦C (cP)     

AC= Asphalt content (%)  

    

As an example when: T =25  C ,η = 498 cP , AC=  4.5 percent by weight of total mix , 

Alpha =0.64    and  Mu =0.642 
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Figure 1. Relationship between viscosity and temperature for asphalt cements, 

Puzinauskas,1979. 
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 Figure 2. Aggregate Gradation Curve. 

 

Figure 3. Photograph for PRLS. 
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Figure 4. Marshall plots for mixtures with AC (40-50). 

 

Figure 5. Marshall plots for mixtures with AC( 60-70). 
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Figure 6. Effect of temperature on permanent deformation parameters. 

 

Figure7. Effect of Asphalt Grade on Permanent Deformation Parameters. 
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Figure 8. Effect of asphalt content on permanent deformation 

parameters for AC (40-50). 

 

Figure 9. Effect of asphalt content on permanent deformation 

parameters for AC (60-70). 
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Figure 10. Effect of temperature, asphalt Content, asphalt grade on plastic 

microstrain. 

 

 

 
Figure 11. Effect of temperature, asphalt content, asphalt grade on Mu. 

 

 

 

 
 

Figure 12. Effect of temperature, asphalt content, asphalt grade on Mu. 
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Figure 13. Effect of temperature, asphalt content, asphalt grade on alpha (α).  

 

 

 
 

Figure 14. Effect of temperature, asphalt content, asphalt grade on intercept 

(a).  

 
 

 
 

Figure 15. Effect of temperature, asphalt content, asphalt grade on slope (b). 
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Table 1. Physical properties of asphalt Cement (Baghdad University Lab). 

 

Test 
Test 

condition 

ASTM 

Designation 
Units 

Asphalt Cement 

 

40-50 

SCRB 

specification 
60-70 

SCRB 

  specification 

Penetration 
100 gm, 25 

o
C 

, 5 sec., 0.1 mm 
D5 1/10 mm 44 40-50 63 60-70 

Kinematic viscosity 135˚C D2170 Cst. 433 Min 400 318 Min 300 

Specific Gravity 
25 

o
C 

 
D70 ----- 1.03  1.02  

Ductility 
25 

o
C 

, 5 cm/min. 
D113 cm >100 >100 >100 >100 

Flash Point ---- D92 
o
C 

 
234 232 min 245 232 min 

Softening Point 
(4±1) 

o
C 

/min. 
D36 

o
C 

 
48  46  

After Thin Film Oven Test 

Penetration of Residue 100 gm, 25 
o
C 

, 5 sec., 0.1 mm 
D5 1/10 mm 29  45  

Ductility of Residue 
25 

o
C 

, 5 cm/min. 
D113 cm

 
53 >25 75 >25 

Softening point (Ring 

& ball) ˚C 

 

(4±1) 
o
C 

/min. 
D36 

o
C 
 50.6  49  

 

Surface or wearing course type.   .Table 2 

Opening (mm) Size(in)  %passing by weight of total 

aggregate + filler 

Specification 

limits (SCRB-

R9/3) 

19 3/4 100 100 

12.5 1/2 95 90-100 

9.5 3/8 83 67-90 

4.75 No.4 59 44-74 

2.36 No.8 43 28-58 

0.3 No.50 18 5-21 

0.075 No.200 7 4-10 

Asphalt Cement 

(% weight of total mix) 

5 4-6 
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Table 3. Physical properties of aggregates (Baghdad University Lab). 

No. Laboratory Test ASTM 

Designation 
Test Results 

SCRB 

Specification Coarse Aggregate 

1 Apparent Specific Gravity C-127 2.678 - 

2 Bulk Specific Gravity C-127 2.61 - 

3 Water Absorption,% C-127 0.21 - 

4   Fractured pieces,% - 96 90 Min. 

5 Percent Wear (Los Angeles 

Abrasion),% 
C-131 17.5 30  Max. 

6 Soundness Loss by Magnesium 

Sulfate solution,% 
C-88 3.83 18 Max. 

Fine Aggregate  

1 Apparent Specific Gravity C-128 2.683 - 

2 Bulk Specific Gravity C-128 2.621 - 

3 Water Absorption,% C-128 0.4 - 

4 Sand Equivalent,% D-2419 68.45 45 Min. 

  

Table 4. Physical properties of mineral filler (Baghdad University Lab). 

Property Test Result 

Specific Gravity 2.72 

%Passing Sieve No.200 (0.075 mm) 96 

 

Table 5. Mean values of permanent deformation parameters for different temperatures. 

 

µ α b a 

Ɛp 

(mm/mm) Mr (psi)      C) 

0.28538 0.77683 0.22317 86.8617 848.958 328036 5 

0.37759 0.67583 0.30417 105.462 1989.58 256205 15 

0.48122 0.61817 0.38183 134.983 5755.21 168303 25 

0.49441 0.4495 0.5505 204.233 21197.9 87904.8 40 

0.5476 0.29183 0.70817 347.717 36125 37060.1 60 
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Table 6. Mean value  of permanent deformation parameters with the variation of asphalt 

cement grade. 

 

 

 

Table 7. Influence of temperature, mix components on strain and permanent deformation 

parameters for both grade. 

 

 

 

 

μ 

 

α 

 

b 

 

a 

 

Mr 

 

Ɛp  

60-70 40-50 60-70 40-50 60-70 40-50 60-70 40-50 60-70 40-50 60-70 40-50     c 

0.333 0.24198 0.73 0.776 0.27 0.224 94.02 83.75 313333 355555 1218.75 656.3 5 

0.436 0.36157 0.659 0.7 0.321 0.293 122.6 107.1 242973 278260 3062.5 1000 15 

0.568 0.50546 0.569 0.586 0.391 0.374 183.1 170.9 152381 177777 6687.5 4344 25 

0.615 0.49579 0.4 0.449 0.56 0.551 207.5 177.6 85333.3 100000 27187.5 19875 40 

0.616 0.43207 0.248 0.329 0.752 0.671 359.1 286.9 32000 44444 37187.5 35125 60 

 

Predictor 

variable 

Criterion variable 

Resilient 

modulus 

(Mr) 

Plastic 

strain 

 εp) 

Intercept 

coef. 

(a) 

Slope 

coef. 

(b) 

Alpha 

 

 α) 

Mu 

 

 μ) 

Temperature High Very high High High High High 

Asphalt 

Content 
Moderate Low Moderate Low Low High 

Asphalt Grade Low Moderate Moderate Low Low Moderate 


