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Viscoelastic-Plastic Damage Constitutive Model of Asphalt
Mixture Under Cyclic Loading
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(School of Resources & Civil Engineering, Northeastern University, Shenyang 110819, China. Corresponding
author; ZHANG Jun, E-mail; zhangjunl1242@ sohu. com)

Abstract: In order to better describe the viscoelastic-plastic stress-strain relationship of asphalt
mixture during damage process, and to clarify the effect of dynamic cyclic loading on the damage
constitutive relation of the mixture,a viscoplastic element was connected in series to the Burgers
viscoelastic model based on the classical viscoelastic plastic rheological theory. According to the
strain equivalent principle of damage mechanics, a viscoelastic-plastic damage constitutive model
of the asphalt mixture was established, which can reflect the dynamic cyclic loading characteristics
and consider the influence of loading frequency. Then the indirect tensile fatigue tests were carried
out to study the effects of loading frequency, ambient temperature, stress level, asphalt dosage
and asphalt type on the stress-strain relationship of the mixture, and to calibrate the model
parameters in order to verify the validity of the model. The results show that the model can not
only better describe the damage constitutive relationship of asphalt mixture under dynamic cyclic
loading, but also can reflect the influence of loading frequency, ambient temperature and load
level on the stress-strain relationship of the mixture. Because the meaning of the parameters in the
model is clear and regular, it deserves further research and promotion.

Key words: road engineering; damage constitutive model; indirect tensile fatigue test; fatigue
damage; damage evolution model; cyclic loading
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Table 2 Aggregate composition of AC —13 mixture
i FL B 42/ mm 16 13.2 9.5 4.75  2.36 1.18 0.6 0.3 0.15  0.075
H AR/ % 100 9.5 76.5 53 37 26.5 19 13.5 10 6
A RTL % 100 93.3  76.7 527 322  24.2 17.8 11.6 9.9 7.9
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Fig. 3 Schematic diagram of loading waveform(10 Hz)



% 10 # RORE . VAR BAEA T B E R AA 00 £E TR M AR A4S KA AR A 1501

0.7) F1 2 B Fhs (838 3L 5T 7 SBS Bl SR B TR 3 AR LA 4
Wit ) 5 FibAT, 3 27 Al ik, 0 9 4, dl SRBULFIA.
3 A PATI A

I o7 RSN AT Z A, W TR A A [ i B
T HERAS B RR E  AE AP T 00 4 AT gk
R 50 mm/min, 45 R 413K 3 PR,
3.2 HIEHLERSEIITHERMITLL
3.2.1 BiRIS%

TEIATER o (1) /N T 305 TR A R R BR B )
o W BRLR A A7 () Burgers B 75 B4R 2
(IS HCA 1, ,E . 00 B,y BIET7FFEAT N5 T 24 faf
#H oo (1) RTIRAEBRN J1 o, B, B8k b5
AR AR, T B AR E S A 1, L E,.,
Moo s MypsByY, A BIEFF56m N, X BIRA R
BRI 7, 38 Gonzdlez %51 i B 45 R EL o, =
50 kN/m”. S/ I Origin $#R10 A 52 X Bl 4 EHF-UV BERARES LB RS

B UREMA BRI SR, S5 R 4 ~ £ 7. B Fig. 4 EHF-UV electro-hydraulic servo fatigue
test system

®3 IERAMBREEXRER
Table 3 Splitting strength of asphalt mixture

KR/ T -15 0 15 30
3.9759 2.8798 1.317 1(&3%) 0.5307
,4 3.278 3(4:3%) 2.8829 1.596 5 0.5570
Jzo Al 3/ MP:
BYARIE/ MPa 4.1587 2.9917 1.5882 0.5187
3.9779 2.989 8 1.678 1 0.608 7( &%)
BE LU BE 34 {8/ MPa 4.0375 2.9360 1.6209 0.5355
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Table 4 Model parameter values under different frequencies

\E/C NI Wi/ He N; n, E, Mye UM 181y Ax10°
5 489.0 49.25 123.4 131. 1 40328.7 0.2664 295.8
15 0.5 10 975.9 36. 24 33.83 49.44  70722.5 0.3012 217.7
20 2203.1 74. 89 0.210 72.05 91228.9 0.3208 186.2
*5 AEEETHERESHNE
Table 5 Model parameter values under different temperatures
N 1
Wi%/Hz N JTH WmEE/C N; 7, E, MNye M, Ax10°
1+B+vy
-15 19654.4 4269 1372 0.000395 8138383333 0.1770 0.208 1
10 0.5 0 8878.7 756.7 22.50 0.3139 134201833 0.2597 2.085
) 15 975.9 36.24 33.83 49.44 70722.5 0.3012 217.7
30 555.0 3. 647 3.421 5.830 2168.0 0.4302 824.4
*6 AR THERSHEVE
Table 6 Model parameter values under different stress ratios
§ 1
WE/C MFE/He NI N; m, E, M My 1 Ax10°
+B+y

0.3 5227.6 53.14 4.790 57.83 1011027.0 0.2583 37.59

15 10 0.5 975.9 36.24 33.83 49. 44 70722.5 0.3012  217.7

0.7 276.7 44. 44 0.256 7 54.15 6029.2 0.3521 1301.1
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Table 7 Model parameter values for different asphalt types

1

W EEE/ % Wi N; n, E, Mse UM 1 Ax10°
+B+y
477 Eesiiting 975.9 36.24 33.83 49. 44 70722.5 0.3012 217.7
' SBS ¥tEiE 20623 154. 09 0.9807 890. 94 792944.6  0.2808 70. 6
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