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Abstruct 

During the last decades by increasing vehicle number and 

weight on roads, road pavement has been subjected to greater 

damages which in many cases occurred even before expected 

pavement service life. Rutting is one of the major destress 

mechanism in flexible pavemet placed due to that increasing 

tire pressure and axial loads further to climatic condition such 

as increasing of temperature. This study aims to evaluate the 

effect of binder types and differential of temperatures on the 

HMA mixtures in term of rutting resistance in four steps. In 

the first step, rheological properties of different binders (80-

100, 60-70 and PG76) were assessed by using DSR test to 

identify the gradation of the binders and comprehend of the 

rheological properties of binders in addition to conventional 

tests. In the second step, HMA cylindrical specimens (100 

mm) was prepared by utilizing Superpave mix design. 9 

samples were prepared for each type of binder in order to 

determine the optimum asphalt content (OAC). In the third 

step,  mixtures which contained different types of binder was 

exposed to the repeated-load indirect tension test at variable 

temperature levels (30 ˚C, 40˚C and 50˚C) in order to compare 

the resilience behavior of HMA under the influence of 

temperature variety as well as forecast the performance of 

mixture with variable types of binder. Finally, repeated load 

axial test (RLAT) was performed using MATTA machine to 

identify the potential of rutting for HMA mixtures. 27 HMA 

specimens each 9 samples contain different type of binder 

were tested, Three testing temperature levels (30 ˚C, 40 ˚C 

and 50˚C) were considered, (1Hz) loading frequency and 100 

KPa axial stress was repeated 3600 times.The results from the 

DSR test, resilient modulus test and the RLAT showed a trend 

that the HMA mixes that contain stiffer asphalt binder (higher 

elasticity) had superior performance under three different 

temperatures and considerably improved their rutting 

resistance. 

Keywords: Hot mix asphalt, Rutting, Repeated load axial test, 

Indirect Tensile Test, DSR 

 

 

INTRODUCTION 

Transport of goods and people safely and smoothly is the 

reflection for local and national development in whatever part 

of the world. The transportation business involves a number 

of professionals from diverse disciplines and with different 

expertise and receives a huge portion of the public investment, 

hence, improving the performance of pavement has taken 

place in recent studies. The most common form of failure in 

flexible pavements is permanent deformation (rutting). 

Rutting is caused mainly by shear deformation in the material 

due to repeated wheel loading, the generated tensile strain 

under traffic loading or variation in temperature results in 

cracking [1]. Furthermore, rutting is one of the most common 

deformations due to the accumulation of small amounts of 

unrecoverable strain resulting from applied loads to the 

pavement [2]. Rutting demonstrates in the three consecutive 

stages. Primary Stage—High initial level of rutting, with a 

decreasing rate of plastic deformations, predominantly 

associated with volumetric change; secondary Stage—Small 

rate of rutting exhibiting a constant rate of rutting change that 

is also associated with volumetric changes; however, shear 

deformations increase at increasing rate; and tertiary Stage—

High level of rutting predominantly associated with plastic 

(shear) deformations under no volume change conditions 

[3].The most common road surface construction is asphalt 

mixtures material and its components consist of bitumen, 

filler, fine and coarse aggregates, and air voids [4]. Bitumen 

behaves as a glue to adhere the aggregate skeleton. Different 

proportions of these components generate various types of 

asphalt mixtures of different behaviors. Over time, asphalt 

pavement’s efficiency and its riding quality degrades to the 

circumstance of failure. Many mixture characteristics have 

significant effective on the rutting susceptibility of a 

pavement, though a comprehensive relationship of such 

characteristics to rutting has proven to be quite elusive. Binder 

and aggregate consider as most important characteristics 

which believed to affect the rutting performance of asphalt 

pavements.  

As a bitumen is a viscoelastic material, its properties vary 

with time and temperature. The viscous part of bitumen’s 

behaviour that is responsible for the irrecoverable and 
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permanent deformations. Moreover, for design purposes, 

asphalt is traditionally handled as a continuous and linear 

material. When a continuum is assumed, the distribution of 

the components is considered uniform on a bulk scale. 

Nevertheless, at a microscopic scale asphalt is a highly 

complex heterogeneous material with a random distribution of 

components, that under loading creates a non-uniform field of 

stresses and strains [5]. Experience shows that stiff binders 

with large aggregates typically are more resistant to rutting 

than mixes containing finer aggregates and higher binder 

contents [6]. 

Repeated load test which is more closely simulates actual 

traffic loading. The dynamic-creep test was developed to 

estimate the rutting potential of asphalt mixes. The dynamic-

creep test is thought to be one of the best methods for 

assessing possible permanent deformation of asphalt mixtures 

[7]. Recently, many researches were carried out Repeated 

Load Axial Test to evaluate the performance of asphalt 

mixture mixed with convential binder or modified binder such 

[8] [9] [10] and other studied used RLAT to investigate the 

relationship between mode of asphalt mixture compaction and 

resulting mechanical performance in terms of stiffness 

modulus, permanent deformation and fatigue resistance such 

[11]. 

 

MATERIALS AND METHODS 

Aggregate and Asphalt  

Aggregates (coarse, fine and filler), asphalt cement were all 

the primary materials used in this research to satisfy the 

requirements of dense graded gradation in Hot mix Asphalt 

(HMA) mixtures. All the properties of the used materials were 

measured for the further analysis purpose. Lab trials were 

taken to determine the volumetric and engineering properties 

of the mixtures according to the specification referred to 

Malaysian  Public Work Department (PWD), ASTM and 

ASSHTO guidelines in order to look into the influence of 

asphalt cement into the hot mix asphalt mixture. Asphalt 

binder with the grade of (80-100, 60-70 and PG76) are used in 

this expermential study. The conventional tests have been 

taken away to evaluate and confirm the characteristics of the 

asphalt binder.Table 1 below shows the binders’ physical 

properties. Moreover, the aggregates were used in this study 

based on the requirements that fulfill the specifications of 

Malaysian Public Works Department ACW14 for wearing 

courses. Table 2 below manifest aggregates’ test results. The 

median gradation was regarded as the target gradation. The 

average of high and low percentage passing limit for each 

fraction was selected as Figure 1 presents. 

 

Preparation of samples 

In this study, Superpave mix design was utilized to prepare 

HMA cylindrical specimens (100 mm). 9 samples were 

prepared for each type of binder in order to determine the 

optimum asphalt content (OAC), two samples for each  

percentage of binder content was prepared. The rang of used 

percentage was (4, 4.5, 5 and 5.5% for binder 80-100 and 60-

70) and 4.5, 5, 5.5 and 6% for binder PG76. In addition, four 

loose samples for each asphalt content were used for 

theoretical maximum density (TMD) value by referring to 

ASTM D2041. Moreover, Superpave gyratory compaction 

had been used to compact the samples to the desired number 

of gyration which would eventually provide the volumetric 

properties of samples such as air void, height, and density. 

After that, all the volumetric properties were tabulated, drawn 

and analyzed to identify the appropriate asphalt content that 

achieves 4 % air voids. Variable values of OAC for three 

types of binder that fulfill approximately 4 % air voids have 

been shown in Table 3 below. Furthermore, the rest of the 

requirements such as VMA and VFA have been accomplished 

to satisfy the specification as specified in Superpave 

volumetric mixture design requirement depending on the 

nominal maximum size of aggregate. Thus, it can be summed 

that there were twenty-seven samples which had been 

prepared with OAC in order to fabricate the rutting evaluation 

at three different temperatures. 

 

TESTS PERFORMED 

Dynamic Shear Rheometer Test 

Rheological Tests on binder by Dynamic Shear Rheometer 

(DSR)  

The rheological tests for the samples were performed in a 

dynamic shear rheometer (DSR). Temperature sweep tests 

(from 40 ºC to 82 ºC)  were applied under a controlled-stress 

of 120 Pa according to ASTM D7175 to grasp the viscoelastic 

behavior of each type of binder (80-100, 60-70 and PG76). 

The loading frequency was selected as 10 rad/s (1.59 Hz), 

Thus, the complex modulus (G*) and the phase angle (δ) were 

obtained. G* vs. temperature for each binder illistrated in 

Figure 2. These two parameter were presented to understand 

the viscoelastic behavior of different asphalt binders, when, 

G* is a measure of the total resistance of a material to 

deforming when repeatedly sheared, δ is an indicator of 

relative amounts of recoverable and non-recoverable 

deformation. 

 

Performance Grade 

The Performance Grade (PG) categorizes the used bitumen in 

asphalt pavements relative to its rated performance at different 

temperatures. Dynamic Shear Rheometer test was used to 

identify the performance grade (PG) for each binder by 

measuring a rutting factor, G*/ sin δ, which is a measure of 

asphalt binder’s stiffness or rut resistance at high and 

intermediate pavement service temperature. The PG of these 

bitumens was determined according to Superpave testing 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 17 (2017) pp. 6841-6852 

© Research India Publications.  http://www.ripublication.com 

6843 

protocols. Figure 3 shows the performance grade for all used 

binders. 

 

Indirect Tensile Test 

The resilient modulus test has become popular with many 

laboratories due to its simplicity and applicability to test field 

cores, and is the most common method of getting out the 

stiffness modulus for hot mix asphalt. The dynamic creep test 

was developed to estimate the rutting potential of asphalt 

mixes. This test was conducted using the Asphalt Universal 

Testing Machine, MATTA in accordance with the procedures 

outlined in ASTM D4123. Twenty-seven specimens which 

contained different types of binder have subjected to the 

repeated-load indirect tension test at variable temperature 

levels (30 ˚C, 40 ˚C and 50˚C) in order to compare resilience 

behavior of HMA under the influence of temperature variety 

as well as forecast the performance of mixture with variable 

types of the binder. Since the process is non destructive, tests 

can be replicated on a specimen to evaluate conditioning as 

with temperature. Furthermore, the parameters that used were: 

0.4 poison ratio, 100 ms loading pulse and 1000 ms loading 

and rest pulse with 2 kN as applied load were selected for test 

operation. The final value of resilient modulus was found by 

computing the average of two Mr values measured in two 

perpendicular directions of each specimen since the procedure 

is nondestructive.  

 

Repeated Load Axial Test (RLAT) 

The resistance of the asphalt mixture specimens to permanent 

deformation was determined by means of the RLAT using a 

direct axial compression testing configuration. The test 

consists of applying a number of load pulses to the flat faces 

of the specimen and recording the resulting deformation. The 

axial strain obtained at the end of the test is used as a measure 

of the specimen’s resistance to permanent deformation. The 

RLAT protocol can be seen in BS DD 185: 1994 and BS DD 

226: 1996. In this study, MATTA machine is utilized to apply 

repeated load axial test (RLAT) to the cylindrical specimens 

with an approximately diameter of  100mm and thickness of 

70mm. Prior to conduct the test, all specimens were placed at 

controlled temperature chamber for 3 hours to reach the 

uniform temperature. In the test, the specimen is positioned 

vertically between the upper and lower steel loading platens, 

which are slightly wider than the specimen. The repeated load 

is applied axially, while the vertical deformation of the 

specimen is measured by two LVDTs mounted on the upper 

loading platen as shown in Figure 4. The input parameters for 

testing are temperature, specimen thickness and diameter, 

applied stress and number of load pulses including these from 

the conditioning stage. The test parameters are shown below: 

 Test temperature (30°C, 40°C, 50°C). 

 Test duration 3600 cycles. 

 Loading pattern 0.1 s loading followed by a 0.9 s 

recovery period per cycle (frequency of 1Hᵹ). 

 Axial stress 100 kPa. 

 Conditioning stress 10 kPa for 60 s. 

The permanent deformation performance of the asphalt 

mixtures was quantified by means of the ultimate percentage 

strain after 3,600 cycles, although the rate of strain 

_microstrain per cycle_ over the linear phase of the 

deformation response can also be used [12]. 

In this expermental study, the repeated load axial test had 

performed to assessing the potential of rutting for HMA 

mixtures. RLAT was conducted at 27 HMA samples with 

100mm diameter (Each 9 samples contain different types of 

binder) to clarify and make the worthy comparison of binder 

type on HMA mixtures performance under varying degrees of 

temperature (30˚C, 40˚C, and 50˚C) as the temperature one of 

the significant parameters that affect the behavior of viscous-

elastic materials. The results that obtained from RLAT are 

studied, examined, tabulated and graphed based upon four 

essential qualitative parameters. 

 Total permanent strain (%). 

 Number of cycles at minimum strain 

 Creep Modulus value and 

 Slope of Steady Region 

 

RESULTS AND DISCUSSION 

Resilient Modulus  

The resilient modulus values that obtained from indirect 

tensile test showed HMA mixtures with PG76 binder type 

have high resilient modulus values in comparison with HMA 

mixtures with 80-100 or 60-70 generally in all temperature 

levels as figure 5 showes below. Hence, the only valid 

variable parameter of this test is the temperature, the test 

measures the horizontal recoverable deformation, the less the 

recoverable strain, the more the resilient modulus is. From the 

data of resilient modulus versus temperature presented above 

shows that the resilient modulus of samples with 80-100 

reduced by 39%, samples with 60-70 reduced by 37% and 

samples with PG76 reduced by 30% when the temperature 

increased from 30ºC to 40ºC. Furthermore, it also shows that 

the resilient modulus of samples with 80-100,60-70 and PG76 

each lowered 77%, 67% and 59%  when the temperature 

heightened from 40ºC to 50ºC. The HMA mixtures were 

ranked according to their drop in resilient modulus as shown 

in Table 4 below which notice that the lower loss value, the 

better performance. 
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Total Permanent Strain 

Total permanent strain that obtained from RLAT had been 

employed to measure the performance of mixtures as the 

lowest value indicates that the mixture character has better 

resisting to permanent deformation (rutting). Other than that, 

the result of assessing the HMA mixtures in term of 

susceptibility of rutting based on total permanent strain at 

3600 pulses depended on average results from three samples. 

It can be noted that increasing the temperature caused a 

significant growth in the final accumulated permanent strain 

for all samples despite the differences in quality of binders as 

Figures 6, 7 and 8 illustrate. However, the different types of 

used binder still take place at which mixture has smaller total 

permanent deformation. Deep insight shows that the HMA 

mixtures prepared with binder PG76 have the less final strain 

at each temperature level (30˚C, 40˚C, and 50˚C) comparing 

with HMA mixtures made with 80-100 or 60-70 binder. This 

phenomenon can be explained by the viscosity and the 

stiffness modulus of the bitumen, which decreased at higher 

temperatures.  

 

The  Number of Cycles at Minimum Strain  

Numbers of a cycle at minimum strain caused by HMA 

mixture is the second essential indicator of rutting 

performance. Given that the rational it has become another 

key factor of the study was because during the process, 

probably,  when the HMA mixture caused a higher number of 

cycles at minimum strain, the resistance to permanent 

deformation would be as well constantly higher. In brief, the 

numbers of cycles at minimum strain presented in Figure 9 

displays the average results of three mixtures, each of them 

derived from RLAT. At the same point, the number of cycles 

at minimum strain, for all types of HMA mixture, was 

decreased when the temperature was increased. Furthermore, 

the number of cycles as demonstrated in  Figure 9 shows that 

the mixtures prepared by the application of the PG76 asphalt 

cement are more resistant to permanent deformation compared 

with the virgin mixtures. 

 

Creep Modulus  

Creep Modulus is a qualitative parameter used in making a 

comparison between asphalt concrete samples’ performances 

under different temperature levels. The applied stress which 

was equivalent to 100 Kpas was constant whereas the strain 

was variable by the number of the cycle. The strain at 3600 

pulses was adopted to get the value of creep modulus for each 

sample. If the sample had a low value of accumulated 

permanent strain, the creep modules would be high which 

means its performance of that particular sample would be 

better for withstanding the permanent deformation (rutting.) 

Figure 10 manifest the average creep modulus for duplicate 

HMA mixtures prepared with different binders (80-100, 60-70 

and PG76) under various temperature degrees (30˚C, 40˚C, 

and 50˚C). Furthermore, the creep modulus of mixtures that 

obtained from RLAt has been combined with the shear 

complex modulus of binders gained from DSR at the 

reference temperature (40˚C) to study the probability of 

predicting the performance of mixtures early. 

From the results, it can be remarked that the creep modulus 

for mixtures have reduced while the temperature is going up 

regardless of the types of binder used. In general, the dynamic 

creep at 30˚C is much higher compared to the corresponding 

value at 50˚C. The positive effects of using modified binder as 

PG76 can be seen from the overall results. Generally, 

specimens that contain binder PG76 have better performance 

than specimens mixed with binders (80-100 or 60-70) while 

the performance of the specimens with 60-70 is better than 

with binder 80-100. Additionally, the creep modulus of the 

mixtures and the complex modulus of binders in Table 5 

indicates that there is an obvious correlation between RLAT 

and DSR which are both of them classified the mixtures with 

PG 76 and binder PG76 have higher value and more honest 

performance to resist rutting comparing with other binders 80-

100 and 60-70. 

 

Slope of Steady Region 

The parameter of steady region slope was used in order to 

predict the effect of binder type and the temperature on the 

characteristics of permanent deformation in two ways as 

follow: 

- The Line Slope of Permanent Strain Between 1800-

3600 Pulses 

The evaluation is established upon the strain rate over the 

second 1800 cycles because, first, it is particularly clear the 

strain curves at 1800 pulses and at 3600 pulses looks almost 

straight. Second, the test was not taken till the specimens 

reached the fail state. Low slope values are indicative of 

mixture that accumulated strain slowly; as a result, better 

performing mixtures have smaller slope values. Table 6 

exhibits the slopes of strain rate line for mixtures contained 

three different types of binder in various temperature degrees. 

In general trend, it can be seen that the slope of strain rate line 

for mixtures is going high while the increase of temperature 

consistently. Moreover, the results signalize that the mixtures 

with binder PG76 have the lowest slope comparing with other 

mixtures at all temperature rates. In other words, HMA 

mixtures with binder PG76 have superior deformation 

resistance when the temperature increased. 

 

- Fitting Power Function (a, b and 𝑹𝟐) of The 

Accumulative Permanent Strain Curve. 

During the primary stage, the plastic axial strain accumulates 

rapidly but at a decreasing rate. In the secondary stage, plastic 
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axial strain accumulates at a constant rate (in log log space), 

while it accumulates at an increasing rate in the tertiary stage. 

In other words, the slope and intercept from the steady-state 

stage are used to determine the coefficients of the transfer 

functions [13]. The logarithmic relationship between the 

number of repeated loads and permanent strain is essentially 

liner over a range of load application. In this part of the study, 

the comparison has been made exclusively between asphalt 

mixtures according to the values of intercept (a) and slope (b) 

for accumulative permanent strain line to evaluate rut 

resistance at different temperatures level (30˚C, 40˚C, and 

50˚C). Figure 11 below illistrates the concept to determine 

power functions.Tables 7, 8, and 9 present the basic 

parameters estimated from the power function used for each 

mixture. Low values of intercept (a) and slope (b) are 

desirable as it gives an indication the accumulated strain 

increased at a low rate which is better  rut resistance of 

mixtures. The results recorded that the specimens contain 

binder PG76 had lower intercept (the “a” value) and lower 

slope (the “b” value) of accumulated permanent strain line 

which is exhibited better permanent deformation resistance 

compared with mixtures contain binder 80-100 or 60-70. 

 

CONCLUSION 

In this paper, it was attempted to characterize the rutting 

behavior of asphalt mixture under dynamic load, and finding 

the relationships between the deformation and other mix 

properties. The outline of the evaluation was based on two 

stages, the first stage was to assess the quality of binders by 

grading them according to the superpave system and to 

understand their rheological properties. The second stage was 

to evaluate the performance of HMA mixtures that contained 

different types of binder in the similar condition to 

comprehend the behavior of mixtures under various levels of 

temperature.  

From binders test results, it was indicated that binder PG76 

has the superior behavior throughout all tests and levels of 

temperature comparing with other types of binder. Next, the 

binder with penetration 60-70 has placed as the second binder 

according to its testing results. Moreover, the binder with 

penetration 60-70 is more acceptable in most situations since 

it is widely used as well as it is low-priced comparing with 

PG76. Lastly, the binder with penetration 80-100 was the 

weakest binder according to its earlier fail comparing with  

others when the temperature increased. 

Based on results obtained from resilient modulus test and 

repeated load axial test (RLAT) which were employed in 

order to assess the susceptibility of mixture towards the 

resistance of permanent deformation (rutting).  The results 

showed that the mixtures performance were generally in line 

with the results obtained from asphalt binder tests which is as 

the temperature increased— the decreasing of elasticity of the 

binder drive the asphalt binder to be less resistant to 

permanent deformation. HMA specimens contained binder 

PG76 was ranked as the best specimens that can resist rutting 

most perfectly in this study following with  HMA specimens 

with binder 60-70 and  HMA mixtures with binder 80-100 

respectively. In other words, using modified bitumen (stiffer) 

in hot mix asphalt increases the efficiency of asphalt mixtures 

to resiste rutting. However, by increasing the temperature, the 

final strain of all specimens increased. This behavior is 

resulted from high sensitivity of bitumen in asphalt mixtures 

to temperature. 

 

Table 1: Physical Properties of Binder Asphalt 

 

Test Standard Type of Bitumen 

80/100 60/70 PG76 

Penetration@ 25˚C 

(0.1mm) 

ASTM D 5 82 64 31 

Softening Point (˚C) ASTM D 36 44 51 73 

Flash and Fire Point Test ASTM D 92 242/283 

 

255/302 

 

273/335 

 

Rotational Viscosity Test 

(Pa.s) @135 ˚C 

ASTM D 4402 358 

 

412.6 

 

1460.4 
 

Rotational Viscosity Test 

(Pa.s) @165 ˚C 

ASTM D 4402 121.87 

 

140.37 

 

399.5 

 

 

 

 

 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 17 (2017) pp. 6841-6852 

© Research India Publications.  http://www.ripublication.com 

6846 

Table 2: Aggregate Test Result 

 

Aggregate Tests Standard Requirment Value 

Los Angeles Abrasion Test (ASTM C131) <30 19.8% 

Aggregate Impact Value BS 812-112 

 

<15 8.7 

Bulk Specific Gravity ASTM: C127 - 2.608 

 

 

Table 3: Summary of the Volumetric Properties 

 

Binder type OAC % % Gmm @ 𝑵𝒊𝒏𝒊 % Gmm @ 𝑵𝒎𝒂𝒙 Air voids % VMA % VFA % 

80-100 4.9 88 97.7 4 14.62 72.6 

60-70 4.7 88.2 97.5 4 14.74 72.9 

PG 76 4.6 87.2 97.8 4 14.70 72.8 

 

Table 4: Drop in Resilient Modulus of HMA Specimens during an Increasing of Temperature from 30˚C to 50˚C 

 

Type of Binder Drop in Resilint Modulus (%)  Rank 

PG76 59 1 

60-70 67 2 

80-100 77 3 

 

 

Table 5: Comparison between Creep Modulus of HMA mixtures and Complex Modulus of Binders 

 

Types of 

Binder 

Creep Modulus for HMA Samples  

from RLAT (MPa) 

@ 40 ˚C 

Rank Complex Moduluse (G*) from DSR 

(MPa) 

@ 40 ˚C 

Rank 

PG76 61.34 1 0.152 1 

60-70 26.38 2 0.0439 2 

80-100 19.41 3 0.034 3 

 

Table 6: Slope of Strain Rate Line Over Second 1800 Cycles 

Types of Binder Average slope for 3 HMA Samples  Rank 

@ 30 ˚C @ 40 ˚C @ 50 ˚C 

PG76 0.005 0.01 0.044 1 

60-70 0.016 0.019 0.035 2 

80-100 0.012 0.026 0.04 3 
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Table 7:  Fitting Power Function of Accumulated Permanent Strain Line at 30 ˚C 

Types of Binder Fitting Power Function of  HMA Samples  Rank 

Intercept (a) Slope (b) * 𝟏𝟎−𝟓 ( 𝐑𝟐) 

PG76 0.0389 1.5 R² = 0.92180 1 

60-70 0.0776 4.7 R² = 0.93996 2 

80-100 0.1236 7.5 R² = 0.85978 3 

 

Table 8: Fitting Power Function of Accumulated Permanent Strain Line at 40 ˚C 

Types of Binder Fitting Power Function of  HMA Samples  Rank 

Intercept (a) Slope (b) * 𝟏𝟎−𝟓 ( 𝐑𝟐) 

PG76 0.00719 2.8 R² = 0.929 1 

60-70 0.1977 5.9 R² = 0.859 2 

80-100 0.2566 8.3 R² = 0.861 3 

 

Table 9: Fitting Power Function of Accumulated Permanent Strain Line at 50 ˚C 

Types of Binder Fitting Power Function of  HMA Samples  Rank 

Intercept (a) Slope (b) * 𝟏𝟎−𝟓 ( 𝐑𝟐) 

PG76 0.1826 5.8 R² = 0.875 1 

60-70 0.3707 11 R² = 0.859 2 

80-100 0.3826 13 R² = 0.876 3 

 

 

 

Figure 1:  HMA (AC-14) Gradation Limits by Percent Passing 
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Figure 2: Complex Shear Modulus at Varying Service Temperatures for Original Binder. 

 

 

Figure 3: Complex Shear Modulus at Varying Service Temperatures for RTFO Aged Binder. 
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Figure 4: Repeated Load Axial Test Instrument 

 

 

Figure 5: The Resilient Modulus versus Temperature 
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Figure 6: Total Permanent Strain for HMA Mixture Contain Binder (80-100) Penetration Grade By RLAT 

 

 

Figure 7: Total Permanent Strain for HMA Mixture Contain Binder (60-70) Penetration Grade By RLAT 

 

 

Figure 8:  Total Permanent Strain for HMA Mixture Contain Binder PG76 By RLAT 
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Figure 9: Number of Cycles at Minimum Strain Comparison 

 

 

Figure 10: Creep Modulus Comparison 

 

 

Figure 11: Logarithmic Relationship Between Permanent Strain and Number of Loading Repetition. 
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