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Ultrasonic evaluation and prediction of asphalt mixture damage

under the coupling effects of water-temperature-radiation

CHENG Yong-chun, ZHANG Peng, WANG Ye-dan, TAO Jing-lin, JTIAO Yu-bo
(School of Transportation, Jilin University, Changchun 130025, Jilin, China)

Abstract: The laboratory water-temperature-radiation cycle test was designed and carried out to simulate
the damage of asphalt mixture caused by the environmental factors of rain, high temperatures and sun-
shine. The ultrasonic changes were determined while passing through the asphalt mixture specimen un-
der different temperatures and water contents in different process of water-temperature-radiation cycles.
Then, the damage of specimen was assessed preliminarily based on the ultrasonic changes. The splitting
strength and freezing-splitting strength attenuation were defined as the damage parameters. Besides that,
the regression prediction model of the ultrasonic velocity and damage coefficient of asphalt mixture was
constructed by using the Support Vector Machine (SVM) to predict the asphalt mixture damage in dif-
ferent conditions. This ultrasonic evaluation and prediction method can assess the damage of asphalt mix-
ture specimen without destroying the specimen itself. The results show that the preliminary judgment of
the asphalt mixture damage degree under the water-temperature-ultraviolet cycle can be determined by
the changing of the ultrasonic waveform and spectral characteristics. The ultrasonic damage assessment
based on support vector machine theory indicates that the maximum and minimum value of the correlation

coefficient are 0. 97 and 0. 90 respectively, and the average prediction error is 4. 53 % , which reflected the
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high accuracy and stability of this method. 5 tabs, 6 figs, 17 refs.

Key words: road engineering; asphalt mixture; water-temperature-radiation cycle; ultrasonic de-

tection; support vector machine
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Tab.1 Crushing value and abrasion value of coarse aggregate

Ei-R RN TR E
FEREAE/ % 11.7 <28
JEREAE/ %6 23.5 <30
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Tab.2 Technical index of mineral powder

8 ifLRF/mm | R/ % | BIEIR(E
0.6 100 100
A 0.15 94.5 90~100
0.075 80. 2 75~100
FK RZEL 0.78 <1
FME /(g em™?) 2. 741 >2.50
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Tab.3 Modeling process of specimen

NGRS SRR AR S 52/ )| A/ %
A 75 5.5
B 75 5.0
C 75 6.5
D 50 5.5
E 90 5.5
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Fig. 1 Simulation system of precipitation
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Fig. 2 Processing method of specimens
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Fig. 3 Ultrasonic testing method of asphalt mixture specimen
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Tab. 4 Changes of ¢ and f
- A AR KR -G IR R B (U 19 @B A AL 1
ETRE 2 4 6 8 10 12
A 26.5 | 24.4 | 37.1 | 69.0 | 66.8 | 78.2
B 63.2 | 88.2
a C 16.4 | 32.8 | 37.5 | 35.2 | 61.9 | 66.7
J=48.22 kHz D | 76.7 | 91.6
E 29.5 | 24.3 | 36.8 | 61.9 | 70.4 | 74.1
A 9.8 | 11.6 | 16.3 | 25.2 | 30.9 | 34.6
B 10.4 | 10.3 | 19.0 | 27.5 | 34.2 | 39.3
8 C 9.4 | 12.5 | 11.7 | 20.2 | 19.7 | 31.6
— D 12.3 | 15.7 | 21.2 | 17.6 | 32.9 | 37.8
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Fig. 4 Waveform and spectrum before and after the damage
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Fig. 5 Scatters of ultrasonic velocity and damage coefficient
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Tab.5 Regression and prediction results of SVM

B | | ST | ReRE| ARSC | TN | I RR A | R
| WS (BT C|S8e| REC |\ /N | i/ | /%
A [16.00 | 0.18 | 0.93 | 22.69 | 22.94 | 1.09
B 4.00 | 4.00 | 0.95 | 24.68 | 26.07 | 5.33
20 C C 2.83 | 1.41 | 0.96 | 18.27 | 16.82 | 8.62
D [11.31 | 2.83 | 0.90 | 39.88 | 39.02 | 2.20
E 2.00 | 2.00 | 0.91 |25.38]26.12 | 2.83
A 1.00 | 1.00 | 0.90 | 25.15 | 22.94 | 9.63
B |16.00 | 2.83 | 0.95 |27.24 | 26.07 | 4.49
0C C 2.00 | 1.00 | 0.92 | 16.92 | 16.82 | 0.59
D 4.41 |11.31 | 0.92 | 36.88 | 39.02 | 5.48
E 1.41 | 1.00 | 0.93 | 26.13|26.12 | 0.04
A 2.00 | 1.41 | 0.92 | 21.42 | 22.94 | 6.63
B 1.00 | 1.41 | 0.92 | 25.89 | 26.07 | 0.69
—20 C| C |11.31 | 1.00 | 0.95 | 18.15|16.82 | 7.91
D 1.41 | 1.41 | 0.97 | 40.02 | 39.02 | 2.56
E |16.00 | 8.00 | 0.93 |25.75|26.12 | 1.42
A 8.00 | 2.00 | 0.92 | 20.78 | 22.94 | 9.42
B 2.00 | 2.00 | 0.91 |27.41|26.07 | 5.14
17k
C 0.50 |11.31 | 0.93 | 15.85 | 16.82 | 5.77
D 5.66 | 2.83 | 0.97 |40.92 |39.02 | 4.87
E 1.41 | 0.71 | 0.95 | 27.66 | 26.12 | 5.90
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