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Research on the damage model of asphalt mixture under synergy action of
freeze-thaw and loading

ZHANG Qian', L1 Ze', WEN Zhiguang®, HOU Zhenhua®

(1. School of Civil Engineering, Xi'an Univ. of Arch. & Tech., Xi'an 710055, China;
2. Baotou Highway Burea, Baotou 014030, China)

Abstract: Aimed at a study on the frost resistance of asphalt pavement in cold areas, three new conceptions are put forward, i.e.
freeze-thaw variable, loading variable and the synergistic effect based on meso-damage mechanics and macroscopic statistical sto-
chastic damage theory. The damage constitutive relation and damage evolution equation of asphalt mixture under coupling action of
freeze-thaw and loading are established, and the damage degradation mechanism of freeze-thaw and loading asphalt mixture under
the influence of freeze-thaw cycles, strain and bitumen aggregate ratio are revealed. It is shown that the mechanical properties of
asphalt mixture in cold regions are greatly affected by freeze-thaw variable, loading variable and the coupling effects. The total
damage of asphalt mixture presents obvious nonlinear characteristic under the coupling effect of freeze-thaw and loading. The dam-
age evolution rate law along the way of freeze-thaw and loading is different. Freeze-thaw cycles and bitumen aggregate ratio have a
great impact on the damage variables, but the reduced amplitude of damage variables and damage rate is significant, and it tends to
be constant after 20 cycles. It is an effective way to increase the optimum asphalt aggregate ratio for improving the durability of as-
phalt mixture coupling of freeze-thaw and loading in cold areas.

Key words: road engineering; damage model; stochastic damage mechanical; synergy action; microscopic damage; constitutive rela-
tion
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Tab.1 Gradation of AC-13 asphalt mixture

38 3T 51 5 4L () B3 3 /%

7 1]
ARRH 16 132 95 475

236 1.18 0.6 03 0.15

0.075

AC-13 100 95 76.5 53

26.5 19 13.5 10 6

*z2 HERE

RS R38R

Tab.2 The tensile strength of asphalt mixture under freeze-thaw conditions

S /% : : _ TNEEoMPs : :
0k 3 7R 9, IS, 20k 25k 30
45 10.09 9.51 8.96 3.68 8.33 7.81 6.63 6.67
5.0 10.94 10.60 923 9.19 8.41 7.91 8.28 8.11
5.5 14.65 13.02 1180 11.85 11.16 11.88 11.73  10.65
6.0 11.10 10.58 1027 10.10 1028 1036 10.03  9.70

6.5 10.50 9.83 9.46

9.42 9.46 9.53 9.10 8.99
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Tab.3 The ultimate tensile strain of asphalt mixture under freeze-thaw conditions
25 A 6,,/107
W % —_nheR
0K 3k T 9% ISk 203k 25k 303K
4.5 2.878 2.789 2.657 2.545 2534 2478 2379 2.356
5.0 2.987 2.827 2445 2.588 2419 2411 2478 2.468
5.5 3.313 3.214 3.112 2987 2890 3.020 2.998 2.897
6.0 3.314 3.245 3247 3.083 3.045 2997 2973 2.894
6.5 3.185 3.131 3.038 3.017 2904 2901 2.890 2.878
=4 FERERFRMBITIERE
Tab.4 The limit stiffness modulus of asphalt mixture under freeze-thaw conditions
) R E/MPa
/% — ‘ \ T \ \ ‘
0K 3K 7K 9K 15 Ik 20 ¥k 25 Ik 30 ¥k
4.5 35053 34112 33735 3410.0 3285.6 31504 2786.4 2 830.8
5.0 3878.2 3750.1 37749 3551.0 34782 3279.6 33414 3286.3
5.5 4200.3 40514 37919 3968.3 3 860.5 39347 3911.0 36773
6.0 3376.4 32604  3262.0 3275.7 3275.6 32557 32747 32526
6.5 3296.1 31394  3113.0 3122.1 3216.8 31973 3 148.8 3123.7
x5 AMEERGRESY
Tab.5 Parameters of damage model under freeze-thaw and loading
I L /% =
’ 0% 3% T 9% IS 20k 25K 30 &
4.5 — 36.02 2589 3641 15.56 9.41 4.36 4.68
5.0 17.48 29.77  37.04 11.35 9.15 5.98 6.71 6.04
5.5 27.61 9.75 17.49 11.87 1522 14.05 7.50
6.0 — 28.60 1527  33.03 6966.97 1248.45 136.54
6.5 186 966.3  20.53 1749 1844  85.06 286.65 21.87 18.61
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Fig.1 Damage model evolution curves of asphalt mixture
under freeze-thaw and loading
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Fig.2 Damage evolution rate distribution curves of asphalt
mixture along loading
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Fig.3 Damage evolution rate distribution curves of asphalt
mixture along freeze-thaw
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Fig.4 Relation curves between tensile strength
and freeze-thaw cycles
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