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ABSTRACT 

Many researches used dissipated energy approach to find the changing of the asphalt binder properties through 

repeated cyclic loading with accumulation of damage. In this research time-sweep and stress - sweep tests were used to 

simulate fatigue phenomenon for the different production refineries of Iraqi asphalt binders (Nasiriya, Daurah and Basrah) 

by applying repeated cyclic load of strain or stress at chosen loading frequency and temperatures. The asphalt binders were 

aged by rolling thin film oven for simulating influence of oxidation in the mixing and compaction of HMA, and pressure 

aging vessel to represent long term oxidation life. All the tests were conducted at 10 Hz at intermediate temperatures and 3 

percent of strain that closest to the HMA mixture beam fatigue behavior [1], different mathematical models were founded 

to represent relation of the dissipated energy ratio and fatigue life at constant stress value (150 and 200) kPa for RTFO 

aging and 300, 350 kPa for PAV aging. It was found that fatigue life of Al-Nasiriya asphalt binder more than Daurah and 

Basrah by 67%, 187% respectively for long term aging. In general, it was noticed that the stiffness modulus (G*) values 

accelerated and quickly reached to the failure criteria, as decreased about 55% of the original G* value. 
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1. INTRODUCTION 

Superpave used shear modulus and viscosity 

variables(G*.sinδ)to represent the fatigue efficiency of 

the asphalt, which is refer the total dissipated energy 

through cyclic loading within the linear viscoelastic scope 

before damage take place [1]. Fatigue is considered one of 

the major complexed failure occur in the HMA pavement. 

Fatigue cracks begin and propagate through the asphalt 

binder, so, an asphalt binder associated failure should be 

restraint in the asphalt specification. A large number of 

researchers confirm that it is a mixture issue, however, 

many researchers concluded that it is a pavement 

structural issue [2]. The fatigue parameter G*. sinδ which 
obtained by Superpave performance grade for asphalt 

binder measured by applying small strain in the linear 

viscoelastic range, that leads to lack correlation between 

fatigue of asphalt binder and mixture [1]. Dissipated 

energy approach is introduced by [3] to show the influence 

of repeated cyclic loading on the asphalt binder properties 

through changing of dissipated energy with the 

accumulation of damage. 

 

2. OBJECTIVE 

The objective of this research is to estimate the 

effectiveness of applying dissipated energy method for 

predicating the fatigue behavior modes of the different 

local asphalt binders produce in Iraq, also, this study is 

focused on the changing rate of the dissipated energy for 

RTFO and PAV aging of the selected local asphalt binders 

using controlled-strain cyclic tests. 

 

3. DISSIPATED ENERGY METHOD 

The main theory used for explaining the fatigue 

failure in HMA are decreasing in the initial stiffness by 50 

percent. These theory does not provide an appropriate 

indication of the level and the development of failure in 

the asphalt binder in terms of variation in mechanistic 

behavior under loading formula. To understand the action 

of aging in the asphalt binder on the fatigue execution, and 

to be fit the analysis of reliable fatigue conductance, 

dissipated energy method has been used in this study to 

give a better indicator to simulate fatigue behavior with 

the rate of change in the dissipated energy for each cycling 

loading. 

This approach is presented by [4]to calculate the 

rate of change for dissipated energy as follows: 

  Actual wi=πiσiεi sin δ Calculating  wi=πi σi2G∗ sin δ ∑ win
i=1 = nwc  

DER = ∑ wini=1wn  

 

Wi  = dissipated energy for each load cycle, 𝜎𝑖  = stress value ati cycle, 𝜀𝑖  = the strain value at icycle, 

δ  = phase angle difference between the stress and 

strain signs, 

Wc  = accumulated dissipated energy for n cycles, 

DER = dissipated energy ratio 

n  = total of cyclic numbers, and 

Wn  = the dissipated energy at n cycle. 

 

A large number of studies are used a different 

way to evaluate fatigue behavior depending on the 

changing of the dissipated energy of asphalt binder, [5] 

and [6] were illustrated that the dissipated energy access 

gives a good dependable estimation way for classifying 

asphalt binder behaviors. Figure-1 shows snap for the 

EXCEL sheet which was used for the calculating and 
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analysis rate of change in the dissipated energy to 

represent fatigue behavior. 

 

4. MATERIALS AND TESTING 

 

4.1 Materials 

Four types of local neat asphalt binder’s product 

from three oil refiners (Daurah-Basrah - Nasiritah) with 

two performance grade PG (64-16) and PG (58-22) were 

used in this research, these types of asphalt binders 

extremely have been used in Iraq. The asphalt binders 

were subjected to short-term aging using (RTFO) oven to 

simulate the short-term aging operation through mixing 

and compaction for pavement construction, then subjected 

to pressure aging vessel to simulate long term aging 

through long service life. 

 

4.2 Time-sweep test 
The time-sweep experiment is considered major 

test to assess the fatigue action of the asphalt binder. The 

test can be carried out by the dynamic shear rheometer 

through a small amount of time. This technique can give 

dependable results that correlate well with HMA showing 

(Bahia, Hanson et al. 2001). The DSR was used to find 

time-sweep effort. The test provides shear frequently 

cycling of strain or stress loading at elected loading 

frequency and temperatures.  

Effects of temperature, frequency, strain, and 

stress conditions were measured. [7] Introduced details of 

the binder fatigue tests. The time sweep test technique 

applies a frequent cyclic sinusoidal loading on an asphalt 

binder sample at a constant amplitude, temperature and 

frequency, at failure fatigue life (Nf) can be found by time 

sweep test using control stress or control strain modes [8].  

It can be seen that is a notable difference in the 

magnitude of dissipated energy at fatigue failure for each 

cycle, especially when the fatigue damage progresses from 

crack initiation to crack development. The term (Np) 

which utilized in this technique to indicate transition of 

fatigue crack from initiation to development (propagation) 

through fatigue test measured, which is independent to 

loading mode. Figure-2 shows relation between shear 

complex modulus G
* 

and number of cycles for Nasiriya 

PG(64-16), Daurah PG(64-16), Daurah PG(58-22), Basrah 

PG(64-16) at 200 kPa, 28 
o
C, 25 

o
C and RTFO aging, 

while Figure-3 shows relation of shear complex modulus  

G
* 

with number of cycles for Nasiriya PG(64-16), Daurah 

PG(64-16), Daurah PG(58-22), Basrah PG(64-16) at 350 

kPa, 28 
o
C, and PAV aging, as predictable, G*value is 

decreased in relation to increase of repeating load,which 

point out occurrence of failure, also, it can be seen that the 

percentage of complex modulus increasing with aging 

although the shear stress testing changes from (200) to 

(350) kPa. 

It can be seen that the energy dissipated method 

effectively used for evaluating local asphalt binders,due to 

the difficulty of locating a sharp difference of fatigue 

failure in the control stressor strain tests, the 20-percent 

difference is choosing to mark boundary of exceeds the 

test error that yield a confirmed demonstration of 

failurecumulation. Figure-4 show typical application for 

the amount of dissipated energy with number of cycles for 

Al-Nasiriya asphalt, Np represent the irrecoverable fatigue 

asymptote and the viscoelastic damping asymptote. 

 

4.3 Stress sweep test 

The fatigue phenomenon of asphalt is influenced 

by several operators, like temperature and magnitude of 

loading and frequency. In this research, various stress 

values were utilized to test the asphalt. Figure-5 and 

Figure-6 show decreasing of the shear complex modulus 

G* of Al Nasiriya, Daurah, and Basrah asphalt binders 

with applied shear stress at RTFO and PAV aging. It can 

be seen that increasing of applied shear stress lead to 

decreasing G* quickly at different aging. 

 

5. MODES OF FATIGUE FAILURE FOR 

DIFFERENT TYPES OF LOCAL ASPHALT 

BINDERS 

The fatigue characteristics of asphalt binder can 

be calculated from log-log plots of dissipated energy per 

cycle to fatigue life failure and by obtaining the slope band 

value of a of the resulting straight line, which indicates 

that the fatigue behavior of asphalt binder may be 

predicted using the following empirical power law 

relationship: 

 𝐷𝐸𝑅 = 𝑎 (𝑁𝑝20)𝑏 

 

Where 

DER = dissipated energy ratio 

Np20  = percentage number of cycles that give definite 

indication of damage accumulation 

a and b  = fatigue parameters 

 

Figures (7) and (8) show calculating modes of 

fatigue life failure for the different local asphalt binders at 

RTFO and PAV aging. 

 

6. CONCLUSIONS 
The following conclusions may be concluded 

in this research. 

 

a) The percent of increases in fatigue life for Nasiriya 

asphalt binder to Daurah 9.5%, and 18% for Nasiriya 

to Basrah measured at 200 kPa- rolling thin film 

aging, it can be noticed that no significant differences 

for fatigue life through production and compaction. 

b) When test asphalt binders at 300 KPa and pressure 

aging vessel aging, it can be found that the ratio of 

increasing fatigue life of Al-Nasiriya asphalt to 

Daurahis 67%, while it was increased by 187% for 

Nasiriya to Basrah. 

c) Different mathematical models obtained to simulated 

relation between dissipated energy and fatigue life for 
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Iraqi asphalt production refineries at constant stress 

and RTFO, PAV aging. 

d) It can be seen that G*value accelerated and rapidly 

approach to the failure specification, as decreased 

about 55% of the original G* value. 
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Figure-1. Snap of excel data sheet for calculating dissipated energy. 

 

 
 

Figure-2. Binders Fatigue Results at 10Hz, Control Stress (200 kPa) and RTFO Aging. 
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Figure-3. Binders Fatigue Results at 10 Hz, Control Stress (350 kPa) and PAV. 

 

 
 

Figure-4. Typical Dissipated Energy Ratio with Fatigue Life at Control Stress (200 kPa) and 10 Hz. 
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Figure-5. Resistance of Shear Modulus with Shear Stress for Local asphalt Binders at RTFO Aging. 

 

 
 

Figure-6. Resistance of Shear Modulus with Shear Stress for Local asphalt Binders at PAV Aging. 
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Figure-7. Modes of Fatigue life Failure for the Local asphalt Binders at RTFO Aging. 
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Figure-8. Modes of Fatigue life Failure for the Local asphalt Binders at PAV Aging. 


