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Variation ratio of dissipated energy of fatigue failure for
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Abstract: In order to provide the research basis for evaluation of long term performance of porous
asphalt pavement, this paper studied the fatigue performance of porous asphalt mixtures with
high viscosity modifier. Two kinds of aggregate types for porous asphalt mixture with high
viscosity modifier were studied through four-point bending trabecula fatigue test under different
strain levels, and the process of fatigue failure of mixture was analyzed based on the attenuation
of stiffness modulus and dissipated energy method. The curve jump point of dissipated energy
variation ratio at each cycle stage was employed to make the failure criterion for mixtures, and the

fatigue life predication model was established, which including the parameters of the plateau value
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(PV) of variation ratio of dissipated energy and volume parameter of mixtures. The results show
that the attenuation status of stiffness modulus of porous asphalt mixtures with high viscosity
modifier still stays at stable stage when it failures under strain control mode, is inapplicable as
the criterion for fatigue failure of this material. There is a good relativity between traditional
accumulated dissipated energy and fatigue life shows a little dispersion, it can not demonstrate the
energy variation in the damage process at low strain level. However, the variation curve of
dissipated energy can clearly reflect the damage process of the three stages during repeated
loading fatigue. The variation ratio of dissipated energy at stable stage reveals that the energy
needed by the damage of material itself during energy transformation has a fixed ratio in the
whole damage process. The plateau value of variation ratio PV demonstrates the capacity of
materials against the fatigue failure, and has a good relation of power function with fatigue life.
The established fatigue life prediction model can reflect the nature of fatigue failure of materials
and its fitting result has a higher correlation coefficient. 3 tabs, 6 figs, 22 refs.

Key words: road engineering; porous asphalt mixture; strain control; variation ratio of dissipated
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Tab.1 Gradation composition of porous asphalt mixtures
.- ARG FLFLAR (mm) T 3l 5 5%/ %
“ | s 13.2]1 9.5 |4.75|2.36|1.18| 0.6 | 0.3 [0.15(0.075

PA-13
100 | 92 | 65 | 30 | 12 91 7 7 7 6

(XM)

PA-13
100 | 97 | 72 | 13 | 11 10 | 8 6 6 5

(HMD)
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Fig. 1 Four-point bending fatigue test system and

temperature control box
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Tab.2 Results of four-point bending fatigue test of porous asphalt mixtures
AR AT/ 105 - WA 2 A I ) /kPa WIHRAETHAE Wo/| RTFFEIAE Wi/ YO N ﬁﬁ&ﬁﬁﬁzﬁ
So/MPa (M] +m %) (MJ *m %) et PV
XM-1 1071.5 852. 80 2.88X10 ¢ 2.734 3 13 871 8.34X10°
XM-2 1701.5 1 365.50 4.18X10* 1.528 7 5156 8.71X10°
800 XM-3 1149.7 922.40 3.08X10* 3.374 7 16 265 7.98X10°°
A XM-1-2 934.4 751.20 2.57X10* 2.558 4 15 000 8.15X10°°
XM-4 1671.5 666. 32 7.95X10 ° 1. 500 4 21 000 3.51X10 %
400 XM-5 1644.9 654.65 8.81X10° 16.125 1 246 928 1.40X10°°
XM-4-2 1158.6 461. 80 6.64X10° 3.908 1 65 000 2.43X10°°
HM-1 1289.4 1 037.90 3.89X10 ¢ 1.246 3 4979 1.29X10*
HM-2 1297.4 1 039. 80 3.49X10 4 1.966 1 8 505 9.00X10 °
800 HM-3 1544.1 1 241.90 4.47X10¢ 1.3313 4 359 1.30X10*
ey &= HM-2-2 1315.1 1 054. 80 3.30X10¢ 1.650 1 7 200 1.00X10*
HM-4 1 881.6 750. 57 1.09X 104 6.816 7 87 001 9.50X 106
400 HM-5 1099.2 437.93 6.70X10° 14.215 8 292 500 1.41X10°°
H-4-2 1468.4 587.43 8.84X10° 5.520 4 89 711 1.52X107°
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Fig. 3 Relationships between cumulative dissipated

energy and fatigue life of porous asphalt mixtures
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Tab. 3 Fitting results of fatigue life prediction model for 72‘ ;-% X mk :
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