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Research on the interaction effect of embedded sensor and asphalt mixture

LIU Zhao-hui', XIA Hong-wei', LIU Li'**

(1. School of Traffic and Transportation Engineering, Changsha University of Science & Technology,
Changsha 410114, China; 2. National Engineering Laboratory of Highway Maintenance Technology ,
Changsha University of Science &. Technology, Changsha 410114, China)

Abstract: In order to study the interaction effect between embedded strain sensor and as-
phalt mixture, the finite element model of beam specimen embedded with strain sensor un-
der [our-point bending loading condition was established by using ABAQUS [inite element
software. The effects of load size, sensor pull rod length and sensor encapsulating material
modulus on mechanical response and stress concentration of asphalt concrete beam specimen
and sensor were analyzed. The results show that after the sensor is embedded in the asphalt
mixture beam specimen, the stress concentration phenomenon occurs in the beam speci-
men, which is located in the asphalt mixture contacting with the sensor flange. But the
stress concentration coefficient is small, the maximum value is only 2. 95. The sensor also has the
stress concentration phenomenon in the pull rod, and the maximum value of the stress concentra-
tion coefficient is 26. 83, which is much higher than that of the beam specimen.

Key words: road engineering; strain sensor; asphalt mixture; interaction effect; stress con-
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Fig. 1 3D model and mesh division
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Fig. 2 Horizontal stress profile nephogram

of beam specimen
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Table 1 Stress calculation results of beam

specimen with different loads

far %/ kN 01 /MPa 0o /MPa a
3.4 0.709 0.288 2.46
6.8 1. 417 0.575 2.46

10. 2 2.127 0.863 2.46
13.6 2.835 1. 151 2.46
17.0 3.550 1.438 2.47
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Table 2 Stress calculation results of beam

specimen with different pull rod lengths

WA FFRKE/mm &, /MPa 8o /MPa a
50 3.292 1.811 1.82
60 3.362 1.790 1.88
70 3.423 1.766 1.94
80 3,441 1.737 1.98
90 3.487 1.702 2.05
100 3.550 1.438 2.47
110 4.228 1.616 2.62
120 4.096 1.566 2. 62
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Table 3 Stress calculation results of beam specimen with

different sensor encapsulating material modulus

BB /GPa 81 /MPa 80 /MPa P
10 2.545 1.566 1.63
30 3.439 1.566 2.20
50 4. 096 1.566 2.62
70 4,214 1.566 2.69
90 4. 284 1.566 2.74
110 4. 407 1.566 2.81
130 4.533 1.566 2.89
150 4.613 1.566 2.95
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Table 4 Stress calculation results of

sensor with different loads

i 3 /kN 81 /MPa 80 /MPa a
3.4 4.095 0.316 12. 96
6.8 8.296 0. 631 13.15

10. 2 12.583 0.947 13. 29
13.6 16. 837 1.263 13.33
17.0 21. 085 1.578 13. 36
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Table 5 Stress calculation results of sensor with

different pull rod lengths

WA E/mm 81 /MPa 8o /MPa a
50 14. 677 1. 607 9.13
60 16.535 1. 604 10. 31
70 17. 955 1.599 11.23
80 19. 213 1.593 12. 06
90 20. 231 1. 586 12.76
100 21.085 1.578 13. 36
110 21.813 1. 569 13.90
120 22.432 1. 558 14. 40
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Table 6 Stress calculation results of sensor with different

encapsulating material modulus

HAM B R /GPa 81 /MPa 8o /MPa a
10 6.561 1.558 4.21
30 14. 889 1.558 9.56
50 22.432 1.558 14.40
70 26.261 1.558 16. 86
90 30.773 1.558 19.75
110 34,797 1.558 22.33
130 38. 454 1.558 24. 68
150 41. 808 1.558 26. 83
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