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Test Standard test result
Viscosity Test at
135°C (cSt) ASTM D2170 364
Penetration Test
(dm) ASTM D5 95
Ductility Test (cm) ASTM D113 100
(ng;en'”g point ASTM D36 456
Flash point (°C) ASTM D92 290
Specific Gravity ASTM D70 1.015
Table 1. Properties of virgin asphalt binder
b Slasia Y J gl
Test Unit 60.70 Standard
Penetration mm.10 68 ASTM D-5
Softening % 49.3 ASTM D-36
point
Ductility cm 120 ASTM D-113
Specific gr.cm3 1.0207 ASTM D-70
gravity
Flash point % 200 ASTM D-92
Loss on % 0.08 ASTM D-6
Heating
Solubility in 9% 99.7 ASTM D-2042
TCE

Table 2. Specification of binder
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Fig. 4. Fracture path observed for the SCB specimen after
fracture test
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samples.
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Kavg m Ko Kimin Air void
0.856 3.399  0.8924 0.5076 4%
0.6554  2.127 0.679 0.4738 7%

Table 4. Three-parameter Weibull distribution parameters
determined for the tested asphalt mixture with different air
voids contents
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K
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Fig. 6. Correlation between the air void content and the mean
fracture toughness values of tested HMA mixtures[6]
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Kis 7%  K: 4% Py Test
0.4742 0.6365 0.025 1
0.5318 0.6995 0.075 2
0.563 0.7222 0.125 3
0.563 0.7588 0.175 4
0.5764 0.7644  0.225 5
0.588 0.7744 0.275 6
0.6184 0.7877 0.325 7
0.6209 0.8095 0.375 8
0.6246  0.8407 0.425 9
0.6481 0.8415 0.475 10
0.666  0.8617 0.525 11
0.6714 0.8782 0.575 12
0.6745 0.9031 0.625 13
0.6754 0.9235 0.675 14
0.6855 0.9241 0.725 15
0.7113 0.9241 0.775 16
0.7409 0.9383 0.825 17
0.7831 0.9865 0.875 18
0.818 1.0115 0.925 19
0.8736 1.1433 0.975 20
Table. 3. Fracture loads and f_racture toughness of SCB
specimens
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Table. 7. Values of the two-parameter Weibull prediction
model

)J}MJMWJW‘L;\M(AJV)LSLAJKJ
V I gl aiw s U Al byl Jaols g %ll
Aas e OLES A s

A slad do s VL b (gl an p i e e VIS

. Experimental data, air void 4%

v Experimental data, air void 7%
= Weibull distribution 3-parameter, air void 4%
Weibull Model 3-parameter (Predicted ferom air void 4%)
Weibull distribution 3-parameterair void 7%

Probability of fracture

Mode | fracture toughness (MPa.m"® )

Fig. 7. Prediction of probability curves for three-parameter
Weibull model
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Table 5. Three-parameter Weibull distribution parameters
determined for the prediction model
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Table 6. Two-parameter Weibull distribution parameters
determined for the tested asphalt mixture with different air
voids contents
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7%
Parameter -
Exp. Predict Error Ccov
Kimin 0.4738 0.4055  -14.4%
Ko 0.6790 0.7130 +5%
Kavg 0.655 0.6816 +3.9%  0.1286

Table 8. Comparison between the experimental data and
predicted values of three-parameter Weibull model
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Parameter
Exp. Predict Error cov
Ko 0.6802 0.7149 +5.1%
Kavg 0.6554 0.6759 +3.1% 0.1345

Table 9. Comparison between the experimental data and
predicted values of two-parameter Weibull model
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Abstract:
This paper describes an evaluation of low temperature cracking of asphalt pavement and its propagation
agents. Low temperature cracking is one of the noticeable deterioration of asphalt pavement in cold climate
regions. This work employed a repeatable semi circular bending (SCB) fracture test to evaluate the low
temperature fracture resistance of asphalt mixtures, additionally a large number of edge cracked semi
circular bend specimens containing 4% and 7% air voids are used and subjected to symmetric three-point
bending load at -10 °c to measure fracture toughness. The effect of air voids on pure mode | asphalt fracture
are investigated experimentally and Linear Elastic Fracture Mechanics, its assumptions and effective crack
tip parameters introduced, which is used in asphalt fracture mechanics. Then fracture toughness as a main
parameter of fracture in the asphalt mixtures is calculated and various methods with different specimen types
for determining the fracture toughness of asphalt has been viewed and Asshto suggested method has been
discussed, which applied to the experimental part of this work. According to the statistical principle, the
experimental results were analyzed by Weibull statistical distribution model in order to present the prediction
models for each asphalt mixture with different air voids. The two-parameter and the three-parameter
Weibull distribution function was applied to air voids data, Thus compared these two functions. Within the
statistical analysis, the probability function for brittle fracture suggested by Wallin using a Weibull analysis
that have the three parameters, Kin, m and Ky ,all of which predicted in this study.
The analysis of the results also revealed that Weibull distribution model is one of the most appropriate
function for disscussing the volumetric properties of asphalt mixtures.Furthermore, a statistical analysis
illustrated that Weibull model is also able to predict the statistical parameters for each set of test data , By
preliminary data from the tests and also a well- defined Transfer Coefficient from the previous experimental
data that the other researchers obtained through their studies, can be predicted the three-parameter and the
two-parameter of Weibull statistical model such as K., and K, which have significant role for asphalt
fracture mechanics. In addition to the parameters of Weibull distribution, the average fracture toughness or
the average stress intensify factor for asphalt specimens can be predicted from this type of the statistical
analysis.
In conclusion, this paper emphasises on the statistical and the experimental aspect of asphalt fracture
mechanics that has investigated Weibull distribution model and the ability of this model to predict the
important fracture parameters and the average stress intensify factor from a determined experimental data
based on volumetric properties such as air voids. Finally, by investigating the errors for different models that
suggested in this paper, indicatin the suitability of this model to predict the actual values of asphalt fracture.

Keywords: Mode | Fracture of asphalt, Weibull model, Low temperature Cracking,
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