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Viscoelasticity study of asphalt mixture deformation under repeated loading

WANG Hu, ZHANG Huatao
(School of Science, Chang’an University, Xi'an 710064, China)

Abstract: In order to study the viscoelastic deformation response of asphalt mixture under
different temperatures and different stresses, a method based on triaxial repeated load test
to evaluate the anti-rutting ability of asphalt mixture was proposed, and the development
law of asphalt pavement rutting was predicted. The semi— sinusoidal load is used to simu-
late the actual vehicle load on the road. Based on the viscoelastic five—element eight-param-
eter model, the mechanical model which can be applied to the triaxial repeated load test is
derived. Combined with the test results of the triaxial repeated load test, the original 8.5
software was used to fit the three—axis repeated load test data to obtain the corresponding
physical parameters. The flow numbers under different temperature and stress conditions
were calculated and compared with the measured flow values. The results show that the
higher the temperature and the higher the stress, the larger the permanent deformation of
the mixture and the smaller the rheology. Under the repeated load, the correlation coeffi-
cient of the parameters of the permanent deformation viscoelastic mechanics model of as-
phalt mixture is over 95%. The model can effective reflects the permanent deformation

characteristics of the asphalt mixture.

:2018-12-05
(2013JM7002)
(1959—), . , s ,» E-mail: wh89@
chd.edu.cn



18 ( ) 2019 3

Key words: road engineering; asphalt mixture; permanent deformation; viscoelastic me-

chanical model; triaxial repeated load test; flow number

’ 7o
5 . 3 (L) = ——7—""— H
. 75 (1) atZ*/)t—f—c( i
(3] Peng ™'  Huang 5 sasb.c )
[5] ) 2 o
N b ’
, [6] .
’
. t7l Bur- g
t (1 _ eﬂ-h‘z,r'r]'z ) eﬂ(zﬂo >
gers g e (1) =0, [—O + +
m E,
: 2
. [8] Burgers at,’/3—0bt, /2+CZ<>:|O (2)
o
b
:6(>\f\f(>\E1\771\Ez\772 E\Y]
b
b
b
b o
o o
E, \r JofF 1
’ E,
Tl 2
’ ° ==l Il 4
()
1
1 Burgers
Fig. 1 Burgers model
1.1
Burgers R s UTO
b
o b
, . Burgers
2
b b
Fig. 2 Five-unit eight-parameter model
o 1.2
do de e
— =q — o @YD)
G+p13t q‘at+qzaz2 , .
:P1.q1.q2 E i o

Burgers ( 1 )



16 1

19
0ol ool <1+6 :—llr\' (i 1)1'1') (8)
J - by ; ( ) JrE% td 0
sin —, t t 1\ (
5 — 0o Lo ~ ¢t x to . (3) Vf
1 0, ty <t <T N ,
N
200 ;T ER,Ve,N — 2 ER.Ve,j —
T = tot+ty, ’;'
| oot
: ) d—en )
’/1< 7 ) "
’ E] ‘”;1,
e ) (14en™), (9
o 2at} btt 6rlcty + mlaty — 12at}
. = =—y= 5 .
i T s T 3por wo 3pom
;— Ey Ey
(= Dio, E nt(»(l—O—e?(})e’ﬂT
K=" _ . (10)
m 1 £l
7s (1) = 7’11<7T2+1]§t5>(1—em—r)
T D N ’
alG—Dity+r P—b[G—Dit,+c]+c° . . Fex .
PN = v, N WVe.N —
! soa N —6,8 N>+, 7N +a,a(1—e ¥ (11)
" 2 t?
e :J AR ML [ R 2
7]3,‘('[') 7T7]0
3 2
[zadotoizbﬁoto}(iil)_’_ . [12] ’
o o 10
dat} '
2 <2cto+at3—bt§— a2(>o (5) ty=0.1s,
T T
” . ty=0.9 s, 0.3,0.6,0.9 MPa,
. 1
., N : : ’
) 2a0,t8 N(N —1)(2N —1 ’ ’
N J O‘(Z‘ dz': aocolo ( )( )+ FN .
7]31(T) 7T77() 6
[2&0‘01"3 _Zbo'otgi|N(N—1)+
0 0 2 ’ ’
oo . ,  dat} ; ’ ’
<2Ct()+at()_bt(J_7Z>No (6) N
7-[-77() T ’ b .
1 [10]
- _ —E.¢
J@=pgd—emim, 2 AC—13 .AC—16, AC—20 [
Boltzman s i ,AC—16 Fy , AC—13C ,
N AC—20 o
, Origin 8.5
to . do (z)
ERVeuj :JO Jt—G—1T—<] Ud: dr =



20 ( ) 2019 3
1
Table 1 Physical parameters of the model
/ 7]0/ a/ b/ E./ 7 /
B
C /MPa (GPa * s) (X107 6s72) (X110 3%s 1) MPa (MPa « s)
30 0.3 60.168 0.995 1.31 0.604 14.3 7 389.0
30 0.6 15.773 0.388 0.35 0.208 11.0 926.0
30 0.9 7.902 0.668 0.64 0.139 10.7 1 685.0
40 0.3 9.617 5.382 2.38 0.513 5.1 531.0
40 0.6 3.653 71.450 8.72 0.494 9.2 163.0
40 0.9 1.648 926.780 39.90 0.604 2.6 135.0
50 0.3 4.409 9.089 3.26 0.465 2.8 295.6.0
50 0.6 2.781 155.370 13.10 0.533 1.3 176.0
50 0.9 1.238 4 400.000 52.60 0.561 1.1 118.0
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Table 2 Measured flow number and calculated flow number

(1]

[2]

Fx Fx

30—0.3 10 000 10 089
30—0.6 7 250 7 020
30—0.9 3610 3 680
40—0.3 4775 4 668
40—0.6 1 065 1085
40—0.9 365 348
50—0.3 3215 3 185
50—0.6 790 805
50—0.9 160 141
:30—0.3 s 30 C ,

0.3 MPa;

D )

o

2) AC—16 , Origin 8.5 ,
, 30,40,50 C
O.3v0.690.9 MPa
3) ,
Fx
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