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Visco-Plastic, The asphalt concrete behavior through the Visco-plastic and Visco-
Environment, elastic stages of failure is highly susceptible to the variation in
Asphalt concrete, the temperature of the pavement. In the present work, slab samples of

Visco-Elastic,

Dissipated energy, asphalt concrete were prepared with the optimum asphalt binder

Phase angle, requirement with the aid of laboratory roller compactor. Beam

Deformation, specimens of asphalt concrete were obtained from the prepared slab

Stiffness. samples and tested under the influence of dynamic flexural stresses
for fatigue 1life at constant strain level of 750 microstrain.
Specimens were tested at three testing temperatures of (30, 20, and
5) °C. The variations of the behavior through Visco-plastic and Visco-
elastic modes in terms of phase angle, permanent deformation, flexural
stiffness, and cumulative dissipated energy with the testing
temperatures have been assessed. It was verified that at the end of
the Visco-plastic stage of failure, the energy dissipation of the
mixture increased by (2, 1.5, and 29) folds at the testing temperatures
of (5, 20, and 30) °C respectively as compared with the energy
dissipation at the end of the Visco-elastic stage of failure. The
phase angle declined to (55, 20, and 30) ° at (5, 20, and 30) °C
testing temperatures respectively at the end of Visco-plastic stage
of failure as compared with that at the end of Visco-elastic stage of
failure. The flexural stiffness at the Visco-plastic stage of failure
declined by (60, 80, and 92) % at (5, 20, and 30) °C testing
temperature respectively as compared with the flexural stiffness at
the Visco-elastic stage of failure.

1. Introduction

Selecting reliable material properties for construction of flexible pavement is vital in the design and
structural analysis. The appropriate material properties can enable us to evaluate the expected state of
stresses and deformation in the pavement layer. The selection of suitable properties of Asphalt concrete
mixtures changes when considering loading time, rheological characteristics, and thermal conditions. Fatigue
life of asphalt concrete pavement depends mainly on the durability of the mixture constitutes. Mackiewicz
and Szydio, 2019 [1] addressed two methods for identifying the visco-elastic parameters of asphalt concrete
mixtures. The dynamic test and the static creep test have been implemented with the aid of the four-point
bending beam test. The course of the creep curve (for static creep) and fatigue hysteresis (for dynamic
test) have been included in the prepared model. The analysis of test results indicated that the creep and
fatigue parameters are dependent on the loading time, testing temperature, asphalt content, and the methods
used for testing. The viscoelastic behavior of asphalt concrete mixture can present its prevailing mechanical
properties as addressed by Alam and Hammoum, 2015 [2].

Micro-mechanical modeling has been implemented to investigate the macroscopic behavior and properties of
asphalt concrete mixtures. The relationship between interaction within the microstructure and the individual
constituent material properties was monitored. The developed model allows the calculation of the complex
modulus and phase angle of asphalt concrete mixtures from the mechanical properties of its constituents.
Alamnie and Hoff, 2022 [3] stated that significant progress was made to predict the damage in asphalt
concrete. The fundamental theories of visco-plasticity, visco-elasticity, micromechanics, and continuum
mechanics were applied to develop the material models through the mechanistic approach. The permanent
deformation advancement models have been reviewed. Liu et al., 2022 [4] assessed the influence of annual
average ground temperature and the temperature annual range on the asphalt pavement layer thickness. The
variations in the thermal parameters of the asphalt concrete pavement layer were investigated. It was
concluded that the experimentally obtained temperature fields data of the pavement were compared with the
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numerical calculation data for verification, and that the test results were in close agreement. Xiang et
al., 2024 [5] characterized the visco-plastic deformation of aged rubberized reclaimed asphalt mixture with
the aid of Hamburg Wheel-Track test. The work focused on the analysis of overall deformation and visco-
plastic deformation.

The influence of material compositions on visco-plastic deformation was analyzed. The dynamic stability,
which was derived from fitting curve of visco-plastic deformation, could accurately evaluate visco-plastic
deformation characteristics of asphalt concrete. Chen et al., 2021 [6] presented a tendency of stiffness
change which can be used in evaluation of the fatigue failure points in the laboratory and can model the
stiffness of the asphalt concrete mixture. The variation in the measured stiffness of asphalt concrete
mixture through its fatigue life was investigated by implementing the test at various strain levels and
testing temperatures. It was revealed that the obtained model of development of stiffness could be implemented
to simulate pavement deterioration. Mandula and Olexa, 2017 [7] stated that the asphalt concrete mixture is
described with specific deformation parameters which are negatively influenced by temperature. Increasing
the temperature can affect the behavior of asphalt-bonded materials from elastic to viscous state. It was
observed that the phase angle is affected by the temperature change during dynamic bending tests. Mazurek
and Iwanski, 2017 [8] reported that the stiffness modulus of asphalt concrete mixture is considered as a
fundamental parameter used in the modelling of the viscoelastic behavior of asphalt concrete mixtures when
it is assessed through the range of linear viscoelasticity. The test results from the fitting of relaxation
functions in mechanical and mathematical models are fitted based on the constructed master curves from those
models. It was concluded that the results of the modelling process can provide a view of the importance of
implementation of each relaxation function. Ahmad et al., 2020 [9] evaluated the impact of testing environment
on the dynamic complex modulus and phase angle of the asphalt concrete mixtures under various environment
ranges of (35 to 50) °C using variable frequencies. It was observed that the dynamic modulus of the mixtures
shows its highest at 30°C and gradually decreases at other testing temperatures. However, the high testing
temperature exhibits low viscosity which refers to low phase angle values of the asphalt cement binder.
Hernandez-Fernandez et al.,2022 [10] stated that the asphalt concrete behaves as a linear viscoelastic solid
at small strain levels and exhibits time and temperature-dependent properties. However, Variation in the
loading mechanisms, strain level, and the damage evolution will change the behavior from the linear
viscoelasticity. It was concluded that the interaction of aggregate particles and energy dissipation
characteristics exhibits the essential mechanisms that influenced deviations in the viscoelastic properties
at high temperature. Quan et al.,2022 [11] implemented the fractional viscoelastic model for characterizing
the viscoelasticity of asphalt concrete. The viscoelastic parameters of asphalt concrete were identified
based on the phase angle data, and dynamic modulus obtained through laboratory testing. Stefanczyk, and
Mieczkowski, 2008 [12] addressed that the structural design of the flexible pavement requires the
implementation of advanced models of rheology of asphalt concrete ingredients.

The prediction of the variation in the stiffness modulus of asphalt concrete with variable temperature is
vital for providing the pavement structural layers with the required durability. The most implemented model
for the flexible pavements design is the elastic constitutive model which assumes linear stress-strain
relationship. Keshavarzi et al., 2021 [13] addressed that thermal cracking in asphalt concrete pavement is
one of the most popular types of flexible pavement distress. The associated stresses of the thermal damage
have great influence on the thermal contraction coefficient of the mixture. A mathematical model was
presented for prediction of the coefficient values when the temperature drops. It requires the mixture’s
volumetric properties, elastic modulus, and the coefficient of thermal contraction of the aggregate. The
aim of the present investigation 1is to determine the thermal influence on the Visco-plastic and Visco-
elastic stages of failure and behavior of asphalt concrete. Beam specimens of asphalt concrete will be
obtained from prepared slab samples and tested for fatigue life under dynamic flexural stress using three
testing temperatures of (5, 20, and 30) °C. The variation in the flexural stiffness, phase angle, cumulative
dissipated energy, and permanent deformation will be assessed and compared during the visco-elastic and
visco-plastic stages of failure of asphalt concrete.

2. Materials and Methods
2.1. Asphalt cement

Asphalt cement with a ductility of 136 Cm, penetration grade of 42, and softening point of 49°C was obtained
from AL-Nasiriya oil Refinery for conducting the laboratory part of this work. The ductility and penetration
declined to 83 Cm and 33 respectively while the softening point increases to 53°C after conducting of the
thin film oven test. The physical properties testing of the binder was conducted as per the ASTM, 2015 [14].

2.2. Fine and coarse aggregate

Crushed coarse aggregates and a mixture of natural and crushed fine aggregates were obtained from AL-
Ukhaider quarry. The bulk specific gravity of the coarse and fine aggregates is (2.542 and 2.558) respectively
while the water absorption was (1.076 and 1.83) % for coarse and fine aggregates respectively. The testing
of aggregates properties was implemented according to the ASTM, 2015 [14].

2.3. Mineral filler

Limestone dust was implemented as mineral filler. It was obtained from Karbala quarry. The bulk specific
gravity of the limestone dust was 2.617, while 94 % of the filler passes 75-micron sieve.
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2.4. Selection of the combined aggregate gradation

Dense aggregates gradation which is usually implemented for wearing course pavement layer with 12.5 mm of
nominal maximum size of aggregates as per SCRB, 2003 [15] specifications were selected in the present
assessment. Figure 1 demonstrates the gradation of aggregates.
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Figure 1. The Combined Aggregates Gradation
2.5. Preparation of asphalt concrete mixture

The asphalt cement was heated to 150 °C and then mixed with the combination of the coarse and fine aggregates
and mineral filler which was heated to 160 °C. The 4.9 % asphalt cement binder was the optimum content which
was obtained based on Marshall Test trials. More details of the optimum binder requirement may be found in
Sarsam, 2021 [16]. The asphalt concrete mixtures were compacted in a slab mold of (300 x 400) mm while the
depth of the mold was 60 mm. Laboratory roller compaction was implemented until a target bulk density was
reached according to procedure details by EN12697-33, 2007 [17]. More details of the compaction process may
be found in Sarsam and AL Nuaimi, 2020 [18]. Three Beam specimens of 56 mm height, 400 mm length, and 62 mm
width, were obtained from each of the prepared slab sample with the aid of diamond-saw. The total number of
the prepared slab samples of asphalt concrete was six, while the number of asphalt concrete beam specimens
was eighteen; three beam specimens were tested for each testing temperature. The accepted standard deviation
between the maximum and minimum values was 5 % and the average value of a minimum duplicate specimens was
considered for the analysis for each testing temperature.

2.6. Testing for fatigue life with the aid of dynamic flexural bending beam test

The fatigue life in the present work was monitored as the elapsed time consumed for initiation of failure.
It may also be monitored through the number of loading cycles which cause failure or cause a reduction in
the flexural stiffness to 50 % of its original value. The four-point dynamic flexural bending beam test was
conducted according to AASHTO T321, 2010 [19]. Figure 2 exhibits the test setup. The constant strain level
of 750 microstrain was implemented. The influence of testing temperature on controlling the failure of
asphalt concrete mixture was monitored at (5, 20, and 30) °C environments in terms of the changes in phase
angle, cumulative dissipated energy, flexural microstrain, and flexural stiffness. The beam specimens were
stored in the testing chamber for three hours at the specific testing temperature before practicing the
dynamic flexural stresses. Beams were tested sequentially at various testing temperatures. A similar testing
procedure using dynamic stresses, various constant strain levels, and various testing temperatures was
adopted by Chen et al., 2021 [6].

Figure 2. Four-point flexural bending beam test setup



Sarsam Civil Engineering Beyond Limits 2 (2025) 1993

3. Results and Discussions
3.1. Variation in cumulative dissipated energy

Asphalt concrete mixtures usually store and dissipate the kinetic energy through repetitions of loading and
relaxation processes. For a pure elastic material, the kinetic energy is stored in the mixture when the load
is applied. Maggiore et al., 2014 [20] stated that all the kinetic energy is recovered when the load is
removed; in this case the curves of loading and the unloading coincide. However, Visco-elastic materials
trace a different path during unloading to that when it is loaded, usually referred to as phase lag which
is recorded between the measured strain and the applied stress. In this case, the energy is dissipated in
the form of mechanical work, damage, or heat generation. Dissipated energy can be used to evaluate and
measure the fatigue life of asphalt concrete mixtures. It is calculated by the software of the testing
machine for each loading cycle. The variation in the dissipated energy as the load cycles proceeds can
refers to the visco-elastic and visco-plastic stages of failure by initiation and propagation of microcracks
and macrocracks in the asphalt concrete mixture. Abojaradeh, 2013 [21] reported that the cumulative
dissipated energy is defined as the summary of the dissipated energy in every cycle until reaching the
failure stage of the mixture. Figure 3 demonstrates the variation in the cumulative dissipated energy among
the Visco-elastic and Visco-plastic stages of failure under environment influence. It can be detected that
through the Visco-elastic stage, no significant variation in the dissipated energy among the testing
environment could be observed up to 2 seconds of loading time. However, the energy dissipation increases
gently up to 20 seconds of elapsed loading time, then the visco-plastic stage of failure starts, and the
energy dissipation increases significantly. At the visco-plastic stage, it can be observed that as the
testing temperature rises, the energy dissipation increases. At the end of the Visco-plastic stage of
failure, the energy dissipation increases by (29, 1.5, and 2) folds for the testing environments of (30,
20, and 5) °C respectively as compared with the cumulative dissipated energy at the end of the Visco-elastic
stage of failure. Such behavior could be related to viscos nature of the mixture at low temperature. The
increment of flexibility of asphalt concrete at 30 °C can allow more dissipation of energy rather than the
case at lower temperature.

Higher testing environment exhibited longer fatigue life from the dissipated energy point of view. The
fatigue life increased by (83, and 230) $ to (20, and 30) °C as compared with the case at 5° C.
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Figure 3. Variation in dissipated energy
3.2. Variation in the phase angle

Figure 4 exhibits the variation in the phase angle through the Visco-plastic and Visco-elastic stages of
failure of asphalt concrete. It can be noticed that the fluctuation in the phase angle ranges between (5 to
80) °, (5 to 15) °, and (5 to 50) ° for the testing temperature of (5, 20, and 30) °C respectively regardless
of the stage of failure. However, such high fluctuation in the phase angle occurs at early stages of failure
in a colder testing environment, while no significant variation in the fluctuation in the phase angle could
be noted at higher testing temperature.

No significant variation in the fluctuation of the phase angle for each testing environment could be detected
throughout the failure stages of asphalt concrete. Through the Visco-elastic stage of failure and up to 20
seconds of elapsed time of loading, the phase angle was (65, 25, and 40) ° for (5, 20, and 30) °C testing
environment respectively. However, at the end of the Visco-plastic stage of failure, the phase angle declined
to (30, 20, and 55) ° for (30, 20, and 5) °C testing environment respectively. Under the dynamic flexural
stresses, the behavior of the asphalt concrete mixture is elastic at the start of loading.



Sarsam Civil Engineering Beyond Limits 2 (2025) 1993

750 Microstrain

Phase Angle

1] 20 40 60 BO 100
Elapsed Time (Seconds)

Figure 4. Variation in the phase angle

However, the behavior of the mixture under variation of testing temperature is significant over the entire
range of the testing temperatures. The phase angle declines as the testing temperature increases. At higher
testing temperatures and lower phase angles, the asphalt concrete mixture will exhibit a larger influence
on Visco-plastic rather than Visco-elastic behavior. On the other hand, the higher the phase angle, the more
elastic the material is. Higher testing temperature exhibited longer fatigue life of asphalt concrete from

the phase angle point of view. The fatigue life of asphalt concrete mixture increases by 100 % at (20, and
30) °C as compared with that at 5° C. Similar behavior was reported by Karimi et al., 2017 [22]; Sarsam,
2022 [23].

3.3. Variation in flexural stiffness

Figure 5 exhibits the influence of testing temperature on the variation in the flexural stiffness of asphalt
concrete through the failure stages. It can be noticed that flexural stiffness declines in general as the
testing temperature increases. This may be related to the fact that the asphalt concrete mixture behaves as
an elastic material at low testing temperature, which is mainly related to the viscosity of the asphalt
cement binder, thus exhibits a higher stiffness. When the testing temperature rises, the asphalt binder
becomes soft and exhibits lower viscous nature, leading to the decline in the flexural stiffness. At high
testing temperature, the influence of the interlocking force between aggregates on mixture is significantly
reduced asphalt concrete mixture behaves as a low viscous material. This will lead to a decline in flexural
stiffness. At the end point of the Visco-elastic stage of failure, (point when the behavior of asphalt
concrete changes from Visco-elastic to Visco-plastic), the flexural stiffness declines by (50, 81.2, and
99.3) % at (30, 20, and 5) °C testing temperature respectively as compared with the flexural stiffness at
the start point of dynamic loading. However, the flexural stiffness at the Visco-plastic stage of failure
declined by (92, 80, and 60) % at (30, 20, and 5) °C testing temperature respectively as compared with the
flexural stiffness at the start point of Visco-plastic stage of failure. It can be observed that the fatigue
life of asphalt concrete declined by (50, and 20) % at (20, and 5) °C as compared with that at 30 ° C. This
may be attributed to the reduced stiffness and more flexible nature of the asphalt concrete mixture at 30
° C environment. Such behavior of asphalt concrete mixture could be attributed to the more flexible nature
of the mixture obtained due to the increase of testing temperature. Similar findings were reported by Wang
et al., 2019 [24].

The viscosity of the asphalt cement binder declines as the temperature increases. This will make the asphalt
concrete mixture more flexible and susceptible to flow under the dynamic flexural stresses. Similar behavior
was reported by Sarsam, [23]. It can be revealed that through the visco-elastic behavior of asphalt concrete,
the stiffness of the asphalt concrete mixture is higher, while the mixture exhibits possible screen cracks
because of the fragility of the material regardless of the testing environment. However, through the Visco-
plastic behavior of asphalt concrete, rutting could be detected of the asphalt concrete specimens. The
stiffness of asphalt concrete can describe the dynamic response of the mixture to sinusoidal loading as
stated by Shen and Carpenter, 2007 [25].

3.4. Variation in the permanent deformation

Figure 6 exhibits the variation in the permanent deformation in terms of flexural microstrain through the
failure stages of asphalt concrete under environment influence. It can be observed that there is no
significant variation in the flexural strain among the testing environment throughout the visco-plastic
stage of failure. However, more elapsed time is consumed under the cold environment of the 5 °C test as
compared with higher testing temperatures of (20 and 30) °C throughout the Visco-elastic stage of failure
of asphalt concrete. On the other hand, the flexural strain increases in a sharp trend after the first
second of loading. This may be attributed to the decline in the binder viscosity as the testing temperature
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rises and the reduction of the stiffness of the mixture at higher testing temperature. Similar behavior was
addressed by Blab and Harvey, 2002 [26].
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Figure 5. Variation in flexural stiffness

Table 1 summarizes the effect of testing temperatures on the fatigue parameters of asphalt concrete throughout
the Visco-elastic stage of failure, while Table 2 summarizes the effect of testing temperatures on the
fatigue parameters of asphalt concrete throughout the Visco-plastic stage of failure.

Table 1. Impact of testing environment on Visco-elastic failure stage of asphalt concrete

Testing temperature | 5 °C | 20 °C | 30 °C

Fatigue parameter at Visco-elastic stage of failure

Cumulative dissipated energy (MJ/M3) 0.0020 0.0016 0.0015

Phase angle ° 50 35 30

Flexural stiffness (MPa) 8000 2000 1000

Permanent deformation (microstrain) 700 750 810
900
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Figure 6. Variation in the permanent deformation

Table 2. Impact of testing environment on Visco-plastic failure stage of asphalt concrete

Testing temperature [ 5 °c [20°c [30 °c
Fatigue parameter at Visco-plastic stage of failure
Cumulative dissipated energy (MJ/M?) 0.003 0.0025 0.011
Phase angle ° 30 20 55
Flexural stiffness (MPa) 2000 200 100
Permanent deformation (microstrain) 750 755 750
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4. Conclusion
The following remarks could be addressed based on the limitations of testing and materials.

» At the Visco-plastic stage of failure, the energy dissipation increases by (92, 1.5, and 2) folds for
the testing environments of (30 20, and 5) °C respectively as compared with the cumulative energy
dissipated at the Visco-elastic stage of failure.

» Through the Visco-elastic stage of failure and up to 20 seconds of elapsed time of loading, the phase
angle was (40, 25, and 65) ° for (30, 20, and 5) °C testing environment respectively. However, at the
Visco-plastic stage of failure, the phase angle declined to (30, 20, and 55) ° for (30, 20, and 5) °C
testing environment respectively.

» At the end of Visco-elastic stage of failure, the flexural stiffness declines by (50, 81.2, and 99.3) %
at (30, 20, and 5) °C testing temperature respectively as compared with the flexural stiffness at the
start point of dynamic loading. However, the flexural stiffness at the Visco-plastic stage of failure
declined by (92, 80, and 60) % at (30, 20, and 5) °C testing temperature respectively as compared with
the flexural stiffness at the start point of Visco-plastic stage of failure.

» No significant variation in the flexural strain among the testing environment throughout the visco-
plastic stage of failure is observed. However, more elapsed time is consumed under the cold environment
of the 5 °C test as compared with higher testing temperatures of (20 and 30) °C throughout the Visco-
elastic stage of failure of asphalt concrete.

Recommendations
The study was limited to the loading frequency, aggregates properties, microstrain level and optimum binder

content. Other loading frequency, asphalt binder content, and aggregate properties may be studied in future
work to extend the limitations of this work.

Declaration of Conflict of Interests

The author declares that there is no conflict of interest. He has no known competing financial interests or
personal relationships that could have appeared to influence the work reported in this paper.

References

[1.1] Mackiewicz P., and Szydio A. Viscoelastic Parameters of Asphalt Mixtures Identified in Static and
Dynamic Tests. Materials, 12(13), (2019). 2084; https://doi.org/10.3390/mal2132084.

[2.] Alam S., Hammoum F. Viscoelastic properties of asphalt concrete using micromechanical self-consistent
model. Elsevier. Archives of civil and mechanical engineering. Volume 15, Issue 1, January (2015),

Pages 272-285. https://doi.org/10.1016/j.acme.2014.02.005.

[3.1] Alamnie M., and Hoff I. Advances in Permanent Deformation Modeling of Asphalt Concrete—A Review.
MDPI Materials (2022), 15(10), 3480; https://doi.org/10.3390/mal5103480.

[4.] Liu C., Chong X., Qi C., Yao Z., Wei Y., Zhang J., Li Y. Numerical investigation of thermal parameter
characteristics of the airfield runway adherent layer in permafrost region of Northeast China. Elsevier,
Case Studies in Thermal Engineering. Volume 33, May (2022), 101985.

https://doi.org/10.1016/j.csite.2022.101985.

[5.1] Xiang Q., Alae M., Xu L., Xiao F. Visco-plastic deformation characteristics of accelerated-aging
asphalt mixture containing reclaimed asphalt pavement regenerated with crumb rubber based on Hamburg
Wheel-Track test. Elsevier Journal of Cleaner Production. Volume 469, 1 September (2024), 143264.

https://doi.org/10.1016/j.jclepro.2024.143264.

[6.] Chen A., Airey G., Thom N., Litherland J., Nil-Adiei R. Modelling the stiffness development in
asphalt concrete to obtain fatigue failure criteria. Elsevier. Construction and Building Materials.
Volume 306, 1 November (2021), 124837. https://doi.org/10.1016/j.conbuildmat.2021.124837.

[7.] Mandula J., Olexa T. Study of the Visco-Elastic Parameters of Asphalt Concrete. Elsevier Procedia
Engineering. Volume 190, (2017), Pages 207-214. https://doi.org/10.1016/j.proeng.2017.05.328.

[8.] Mazurek G., and Iwanski M. Modelling of asphalt concrete stiffness in the linear viscoelastic region.
IOP Conf. Series: Materials Science and Engineering 245. (2017). 032029. http://doi:10.1088/1757-
899X/245/3/032029.



Sarsam Civil Engineering Beyond Limits 2 (2025) 1993

[9.1] Ahmad J., Hainin M. R., Shaffie E., Masri K. A., & Shaffi M. A. (2020). Effect of Temperature on
Phase Angle and Dynamic Modulus of Asphalt Mixtures Using SPT. Materials Science Forum.Vol. 1007, (2020).
P. 99-104. Trans Tech Publications, Ltd. August. https://doi.org/10.4028/www.scientific.net/msf.1007.99.

[10.] Hernandez-Fernandez N., Ossa-Lopez A., Harvy J. Viscoelastic characterization of asphalt concrete
under different loading conditions. International Journal of Pavement Engineering Volume 23, (2022) -
Issue 11. https://doi.org/10.1080/10298436.2021.1927026.

[11.] Quan W., Zhao K., Ma X., Dong Z. Fractional Viscoelastic Models for Asphalt Concrete: From Parameter
Identification to Pavement Mechanics Analysis. ASCE Journal of Engineering Mechanics List of Issues Vol.
148, No. 8. May 18, (2022). https://doi.org/10.1061/ (ASCE)EM.1943-7889.0002116.

[12.] Stefanczyk B., and Mieczkowski P. Bituminous mixtures. performance and research [Mieszanki mineralno-
asfaltowe. Wykonawstwo i badania] (Polish), (2008). WKL: Warsaw.
[13.1] Keshavarzi B., Douglas M. Mocelin Y. Kim R. A composite model for predicting the coefficient of

thermal contraction for asphalt concrete mixtures. Journal of Testing and Evaluation 50, June (2021).
http://D0I:10.1520/JTE20210039

[14.] ASTM. Road and Paving Materials, Annual Book of ASTM Standards, Volume 04.03, American Society for
Testing and Materials. West Conshohocken, USA. (2015). www.astm.com

[15.] SCRB. State Commission of Roads and Bridges. Standard Specification for Roads & Bridges, Ministry
of Housing & Construction, Iraqg. (2003).

[16.] Sarsam S. I. Influence of Ageing on Deformation of Asphalt Concrete. Journal of transportation
engineering and traffic management. Volume 2 Issue 3. (2021) . P.1-11. HBRP, DOI:
https://doi.org/10.5281/zenodo.5533866.

[17.1] EN 12697 - 33. Bituminous Mixtures - Test Methods for Hot Mix Asphalt - part 33: Specimen prepared
by Roller Compactor. European Committee for Standardization. (2007).

[18.] Sarsam S., and AL Nuaimi S. Influence of Ageing on Flexible Pavement Interface Bond under Repeated
Shear Stresses. Britain International of Exact Sciences Journal (BloEx Journal). Vol. 2, No. 2, May
(2020), P. 462-475.Doi: https://doi.org/10.33258/biocex.v2i2.219.

[19.1] AASHTO T-321. Method for Determining the Fatigue Life of Compacted Hot-Mix Asphalt (HMA) Subjected
to Repeated Flexural Bending, AASHTO Provisional Standards. Washington, D.C. (2010) .
[20.] Maggiore C., Airey G., Marsac P., A dissipated energy comparison to evaluate fatigue resistance using

2-point bending, Journal of Traffic and Transportation Engineering, KeAi, Vol. 1, No. 1, (2014). P. 49-
54. https://doi.org/10.1016/S2095-7564(15)30088-X.

[21.] Abojaradeh M. Development of fatigue failure criterion for hot-mix asphalt based on dissipated energy
and stiffness ratio. Jordan Journal of Civil Engineering, Volume 7, No. 1, (2013). P. 54-69.
[22.] Karimi M.; Tabatabaee N.; Jahanbakhsh H.; Jahangiri B. Development of a stress-mode sensitive

viscoelastic constitutive relationship for asphalt concrete: Experimental and numerical modeling. Mech.
Time-Depend. Mat. 21, (2017). P. 383-417. https://doi.org/10.1007/s11043-016-9335-7.

[23.] Sarsam S. I. Sensitivity of Phase Angle to Testing Conditions of Asphalt Concrete. Journal of Advances
in Civil Engineering and Management. Volume 5, Issue 2. (2022) . HBRP. DOTI:
https://doi.org/10.5281/zenodo.6645720.

[24.] Wang, H.; Zhan, S.H.; Liu, G.J. The effects of asphalt migration on the dynamic modulus of asphalt
mixture. Appl. Sci. 9, (2019). 2747. https://doi.org/10.3390/app9132747.

[25.] Shen S., and Carpenter S. Dissipated energy concepts for HMA performance: Fatigue and healing,
technical report of research, University of Illinois at Urbana - Champaign, (2007). P.240.
[26.] Blab R., Harvey J.T. Viscoelastic rutting model with improved loading assumptions. Proceedings of

the Ninth International Conference on Asphalt Pavements, Copenhagen, Denmark, 17-22 August (2002).

How to Cite This Article

Sarsam, S.I., Environmental Influence on Visco-Elastic and Visco-Plastic Behavior of Asphalt Concrete, Civil
Engineering Beyond Limits, 2(2025),1993. https://doi.org/10.36937/cebel.2025.1993



