
Accepted Manuscript

Mixed mode tensile - in plane shear fracture energy determination for hot mix
asphalt mixtures under intermediate temperature conditions

M. Fakhri, E. Haghighat Kharrazi, M.R.M. Aliha

PII: S0013-7944(17)31306-1
DOI: https://doi.org/10.1016/j.engfracmech.2018.02.007
Reference: EFM 5865

To appear in: Engineering Fracture Mechanics

Received Date: 12 December 2017
Revised Date: 22 January 2018
Accepted Date: 2 February 2018

Please cite this article as: Fakhri, M., Haghighat Kharrazi, E., Aliha, M.R.M., Mixed mode tensile - in plane shear
fracture energy determination for hot mix asphalt mixtures under intermediate temperature conditions, Engineering
Fracture Mechanics (2018), doi: https://doi.org/10.1016/j.engfracmech.2018.02.007

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.engfracmech.2018.02.007
https://doi.org/10.1016/j.engfracmech.2018.02.007


  

1 
 

Mixed mode tensile - in plane shear fracture energy determination for 

hot mix asphalt mixtures under intermediate temperature conditions 

 
M. Fakhri 

a
, E. Haghighat Kharrazi 

b 
M.R.M. Aliha 

c
 

a
 Department of Civil Engineering, KN.Toosi University of Technology (KNTU), Valiasr St., Tehran, 

Iran 
b
 Department of Civil Engineering, KN.Toosi University of Technology (KNTU), Valiasr, St., Tehran, 

Iran 
c
 Welding and Joining Research Center, School of Industrial Engineering, Iran University of Science 

and Technology (IUST), Narmak, 16846-13114, Tehran, Iran 

 

A b s t r a c t 

 

One of the major issues of hot mix asphalt (HMA) concretes in moderate service 

temperatures is cracking, which may result in asphalt failure. Although several studies 

conducted have focused on the cracking of HMA, there are only few studies that focused on 

the viscoelasticity of this mixture. This paper investigated the effect of viscoelastic asphalt 

characteristic on mixed mode I/II fracture resistance. Various loading rates were applied on 

the specimens in the moderate service temperature to experiment the implications. Edge 

cracked semi-circular bend (SCB) of various HMA specimens subjected to asymmetric three-

point bend loading were tested in this study. Effect of aggregate type, bitumen type and air 

void content were studied on the fracture energy for pure mode I, pure mode II and mixed 

mode I/II with equal fraction of modes I and II. The results showed that the variables can 

significantly affect HMA characteristic specifications on moderate temperature cracking 

behavior. It was observed that the performance grade (PG) of bitumen, aggregate type and air 

void content had considerable effect on the fracture energies of the tested specimens at 

moderate temperatures. Test results also enlightened that mixed mode loading case was more 

crucial than the pure modes I and II conditions of loading. 
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Nomenclature 

a Notch length 

Alig Ligament area 

Gf Fracture energy 

GIf Mode I fracture energy 

GIIf Mode II fracture energy 

GI/IIf Mix mode I/II fracture energy 

KI Mode I stress intensity factor 

KII Mode II stress intensity factor 

M
e 

Mode mixity parameter 

P Applied load 
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