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Nonlinear creep model of asphalt mixture and parameter determination
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Abstract: Based on the three-phase creep character and the complete stress-strain curve of asphalt
mixture, the viscoelastic spring of Burgers model was modified and a nonlinear creep model was
established, in which the viscoelastic spring module gradually decreased when the strain
increased. Then, the constitutive relationship of nonlinear model was deduced, and the
expressions of creep strain, creep rate and creep acceleration were also given. Meantime, the
model stability condition and creep rupture time was defined by analyzing the stability of the
nonlinear model, and the parameter determination method was established by the principle of
least square. Finally, the proposed model was verified through two experimental examples. It is
indicated that the nonlinear model can clearly describe the three-phase creep, especially the
accelerating creep stage, and the creep rupture time can also be used as a new index to research
the creep character of asphalt mixture, 2 tabs, 5 figs, 10 refs,

Key words: road engineering; asphalt mixture; nonlinear creep model; stability; parameter deter-
mination

I FR B 8 : 2008-04-10
ELTR :HEXARB¥ELTH(50608006) ;PR TG4 A R A2 5 £ 10 H (2007E223)
EREA KAMM983-), 5, LK LMA , 05, T# 18+, E-mail . zhjiupeng @163, com.



#£28 AW F . HEROHELERETRUVEALLAKAL 25
0 5 & 4 W
. I,__ P g,8

Ui TR A R — OB B b, B T £ 45 F+1E E: E,
BT TG R P B BRI 3
BANEREHOERAREH, AEEHERE B2 Burgers 8%
HHASHE. REXREHHMTBANE LMK e — 5
B IR 1R AR BT A R 5 =
B, ERETFASE, Bl BRARS 7 w1

WU BENATHERERR, REEES R
EHFRAMAAZBHENATELSEH, &
FBUR B0 T 45 T e LR R B R 581, B
B AREERARKEREREL  MELBAERE
BEHRE. A AURFETHEFRSHOFEERSE &
ST —MFEER R b R — R ERE R
FRIEFEREHRERFEN R TR, FX T @
BrRE s AR AR .

1 Burgers 2 % {& IF #9 Burgers 3!

TEBANEMBEHATHEEAELA 1,
1 F5AHinERARHAG R E SRR
Hi%k et SREEFME ¢t MEEMEEMR e,
% 72E i 2R 1] 43 B R 5 SV B B R B IR AR T B R E
AR By B RN E A AR (R AW IRN) BB, BREY M
WE AT R R RN R R BIR) 4 5%t
B FHE 1% OA.AB.BC #MCD B, M4k M %
TER G T IR i ARG IR B B 521 o2, 53318 B.C K
it [OL fy B %

ee E

Q
\_ /\.

H1l HEREGHOEERRHNR
FEHHFREBFEENHNERRERE, HP
Burgers # Z f114 IF &) Burgers B & (/& 2. [ 3) BE B
BRI BRER N EHE MELERER.FFT
AR,
Burgers % fil#& IE # Burgers & %! ) §§ 28 jf

b ]
3 B IEM Burgers #i %l
A% RO B F AKX T TR,
Burgers %

= %0 4 %, % ~E,1/
€ E1+mt+Ez(1+e %) >0
=2 BBy €>0 D
E=—a, _I::Le—fz‘/’lz <0
& 1IF B Burgers 8
=2 +A—,-,B (1—e?) +
L (14 eEn) e>0
E;
L (2)
¢ = %;e'”’ + 2 Eln £>0
. B/ —B't EZ —E,t/ "
=— et 4 —en) g0
€ 0o (Kr " )
e 8.6 2 I R 8% 3 BT AR | % 0 R AR T RLR R

MM ;00 HEERR N E ool 1 M
B E B SRR, p HTH 4 MR
B HTCH 2 KRR RSGA B BRI 4 B
ERBGe REtE],

Burgers B8 f14% iF 9 Burgers BB 0] DA # 3R
BE o M A T AR M W S BT, BB 188 R AE R A
BEEEMBERT, MEE#HRMEST. Bk,
FERB—FENEROBTRSEEHEE,

2 FEMHERTEIRHEHBERSN

VERSHSIBENS - AR RE4RT
T BB, R HHEERN E & AB B,
E, > 0;%E B&,E, =0;fE BCE,E, <0, RB T
BB AR 25 HIBE SR . & SCHE Burgers BLEIR ST 2
VRS U, A g B B B W, WA
E,=—k+b 3

APk HEY 0 APIRBHEEE.
ERE-SHAGT.GERBUKENT 0



26 KEXFFR(AARF IR 2009 #
e z e="—°+bt24‘f"2‘ +"°z ¢E))
IR 13 BEE]  R—Br ZBr S5, T A
3 €> 0.6 0,6 <O.EKH. Ko = O o, RIR
SREFTHR.
N7 (3)A<0,Euao>9i,ﬂ5}itﬁf5ﬁ

% 2
B4 BRBREHEYBES - HEHR
A F AR o5 BERY SRR K e, o BB IR AR YA 4T
B 3 46 465 T [ 2 A0 5 1 00K Ak A 46 1T 52 1 748 4 48 T
BLSTAEINC BT | IR H) B K o1 w6 » TOHE 2
T 3 IR S REEH o, &2 TLHE 4 BYBE F7 . B AE
Hos e JLRST - BEXRN

Oy = 01 — 02 = 03 4
€ =€ tTe +e (5
= G
€1 El (6
0; = Eye, + péz = (— ke, +b)e; + 1é2 7
& =2 (8
T
KD AR
7 de, -
z _lEz +do de (9)
MR WAHTHE 4 A= —4dkso, TH

% 3 M el BT IS .
WA >0, 0 < % PR ER

J’ék_v_ 1 1
Zkez—b VB 2k, —b+vA

)da = jdt

10
ERBWME RN eai0 = 0,3 BLR () R
(6) FA(8), /44

— 0o 200 (1 —_ e‘/A—l/’z ) Oo
E, " p(1—eBn)

—Jad+eRimy
an
AHRAAD WE R—-B . B S8, A ‘I%‘ﬂ

e>0,6>0,6<<0, X FEH, Y5 N2 MY jm<
iR R S KA GBI,
@8 =080 =2 BARTER

4k 2 —_
J(Zkez—b)zd” J a»

BB RORA 1m0 = 0,FBEIR(5) K
(6) FK (8,748

f 4k,
(2ke, — b)? +<¢_)2

ERBMBRMRH im0 = 0, HBEIR(G) K
(6) #Mx,(8), 71§

oo + 200tan(v/— A ¢/27;) 1.0,
V—A+btan(V=A4¢/27)
(15)

a3t R (15) Bf[E] ¢ R—Br . B S50, 7718

_ ao(—A)secz(«/——A_t/Zqz) 40 (18)
2V=A+btan(vV=A1¢/2p))"
¢ = [aob(-A)secz(«/—_At/Zqz) .

(V=atan(y=At/29) — 51/

BIV=38 +btan(vV=2A¢/29) an

Le=0, 0BG BINKIBHR:: K

t* = ;—i%atctan(\/gj)
AP REEME L AR OFEBR) HEHE .,

A

D Ho<e<<t Be>0,6>0,6<<0;

@) Het>t Bf,e>0,6>0,6>0,

RN, AL RZH, R R
AbFREFERB B ARRRMIZE A E
X BHMK R T mH G B X 5 1 #ik
R R R F Y&, kM BB R
WRBRTFRAH 3 MEOSEERSME.c” aTER
MROERESHGEEEREO - HFiEH. BK,
RARMFERFITTEENHT R/ REK, B
HH R A AAEE WM.

3 BRBESHHWER

BRPRE SN SRERBE.HE 1AM, Y
oo fEFI TR L0, B B, 5160 4 T 7T B fA] 52
B B2 = OB BTSN EY 00 5 e O HLMEBINE, .53
ANRES B ksbom o) FELBRPRER
B MR AR M R IR N % Ces o) 52, X RLE— A8

jdt (14)

E—

(18

AARAD . RQ3) A5 FFBHHENTHEe &



28

A, F - HAROAFEEETEVRLLAHAZ 27

'—?Iﬁtﬁfﬁﬁﬂ‘ﬂ’:?‘iﬂ Bp

N
Qhsbogsq) = D, E—e)? (19)
i=1

BN Fe vk 1 R E AL R 8 1 % S SO UE, &
B Qsbym ) BAHR/ME, RAEZSHHR

W _, R _,, R _, 29_

SBE—AREBZI kbpon) BYITHHRIER
B0 ) o8 B 7 X 4% 9 8 5 J 8 I 5 R
HOTR 18— 4 (AR, Ab, Aq s Ane) s NI SR8 —H 37
B 0"t )  FELABE N B Rl A AT — R A
EREREHE . HA 4 MRESHERKXCO FX
T 341 76 K 5 0 8L V9 A 4 B T o 9 ol 2 0 S Ol 2%
MEEBREHMERE R #E WE

2 p— U
R T Q+U
U= ZN)(é,-—é)’ 21
Q= 2(5;_5.‘)2
K6 WAL E{EEKJ%:*SFWE
4 LBISH

HRAFEGHE R R, £ UTM KR4 E
4y BI#E4F SMA1L3 fl ACL3 WA KB W H B S E K
HEEHRET AR CAMRETRARARE, AR
3 0.7 MPa, K108 B % 60 'C,SMA13 R F] SBS K
HH,ACL3 KA AHT0* L@iH#F, K& it

.ﬂlilv
21 BMBAMRAK

A SMAIZELMME

- SMAI3ELR BRI G 2R
— — SMA 134 (F (fBurgersii B 45l & gt &
* ACI3ZMp A
0.5t —— ACI3 L MM R ol A i 28
---AC13ﬁIB°JBurgerSE’Eﬂﬁlﬂl‘i

0 500 1000 1500 2000 2500 3000
T B AF PR /s

5 BERANSERARMARARME
Burgers BRI & B MM, 8F 5 NS HERR.
t=0 WXt NI 00 55 e WIILMERIN E 55445
¥ (A,B,E; ,p) RIFEHE T B/ TR, HIA L&
WHE 5 KRAASCREMER2HHFRSEOEE
2% 3 5080 th 2 vy & BLIF , T2 IE /) Burgers 8
B T Rtk 5 IR R AR AT, U 9 A< 3C4R Hh A9 dE

KUERBBIFRRT 3 B B 1E .
22 EEMRTHYSH

E:/ k/ b/ n/ n/ R2/

RANEE
MPa | MPa | MPa [(MPa-s)|(MPa+s)| %

AC13 104,955 502.07|124. 12| 34 603 396.08 |92.9

SMAI13 |134.36(8 360.36(153.33( 104 260 790.12 |[97.2

BAH WAL/ FHIHA(mm) WAL E /%

£ % 16 13.2] 9.5 |4.75|2.36(1.18( 0.6 ] 0.3 |0.15/0.075

AC13 4,9 |100(96.3(70.1]42.1(29.6(21.0/16.4/11.2] 8.1] 6.4
SMAI3( 6.2 100 [95.4{61.1]30.0123.7(17,5(13.0{11,7}11.2(10.2

GRRARMARES ELRAREGFT . HF
BEREKHT 3B BURAE, TEd A5 #75M.

RS2 = o

oy 20,tan(at)

E,  Z2ap, +btanat)
HELRZEAIBHEXER, MRERRS

BHITHN, BRAMEXRER, THEFRSHE

KUHEREEANSH UEGSHERAE 2R

(RO ;RENELAMAENAE 5. T RABER

£ =

+ ‘:,1—°t (22)

5 & &

(1)3@E 3 % Burgers 45 R, 39 1 30 5% 04 0 o ,
FTHLUREEBNAH TR, Sl THEUEE
AT FGR AR BEIR o (8] B9 %E S, I BL A B/ R K IR
B2y THRAESENHETE.

(2)@E5T 2 P EBIHSTT o RIE. HRRY,
FRUEFLTRBEPRFARRHFTRERSH 3 Bk
MRS B 5 T AR A BRI 8] ¢* AIAE R B R H IR
R R — BT HE AT .

QFEUEERUNFTEEE HENIRE
LREERAR AR EHTRIE; FN ¢ s 51K
ik AR T TR IR R R A A R K R A —
BWABE.

B30k :

References:

[1] #EBEH 20886 GFSHFRENIMLE
AR KER R, 2002,
(F#% 55 R)



#2

|¥F0,.F . BVAMATATRELIBBHD HZOEH 55

[3]

£4]

(5]

span concrete-filled steel tube arch bridge[J]. Journal
of Chang'an University; Natural Science Edition,
2006,26(2) ;42-46.

AN, £ AKX EARRAR L] X
BB TR 2 H,2007,7(6) :80-85.

ZHAOQO Can-hui. In-plane ultimate bearing capacity
analysis of deck-type steel braced arch bridge[JJ].
Journal of Traffic and Transportation Engineering,
2007,7(6) . 80-85.

% FH.EFER.ERK.F KEHNANTRE LB
B R EA RIS, B B¥ER, 2006,
19(4) :65-70. ,

ZHANG Yang,SHAO Xu-dong,CAI Song-bai, et al.
Spatial nonlinear finite element analysis for long-span
trussed CFST arch bridge[J]. China Journal of High-
way and Transport,2006,19(4) :65-70.
BEFE.FX2,5 H.% AMANHERELR
B AR w4 b ], 2 B KE R, 2007,
24(3):56-58.

ZHAO Yue-yu, LAO Wen-quan, FENG Rui, et al.

Effects of leaning angle on concrete-filled steel tube X

Cs]

[7]

[8]

arch bridge’s mechanical properties analysis[]]. Jour-
nal of Highway and Transportation Research and De-
velopment, 2007,24(3) ;:56-58.

HRE, TER, X&H. THFEAMRERE LI
MAMERI]. KEREER: B AR¥EM,2006,26
(5):54-57.

HU Qing-an, DING Peng-cheng, LIU Jian-xin. Effect
of different construction processes on steel-pipe-con-
crete arch bridge stress[J]. Journal of Chang’an Uni-
versity ; Natural Science Edition, 2006,26(5) :54-57.
BAL.BRE . FUR. BHMTRERARERE LB
B At m ] b EA B EHR,2007,2006) .
61-66.

TU Guang-ya, YAN Dong-huang, SHAO Xu-dong.
Influences of depending on mechanical behavior of
trussed concrete-filled steel tubular arch bridge[J].
China Journal of Highway and Transport,2006,2007,
20(6):61-66.

Nazmy A S, Stability and load-carrying capacity of
three-dimensional long-span steel arch bridges[J].
Computer and Structures,1997,65(6) ;857-868.

(E#F 27 1)

(2]

£3]

(4]

(5]

R, H/ANE, NRE. TH RS AR A
HMPERMED]. KPBTRZ2%: ARAB 2K,
2004,1(1):1-7.

ZHENG Jian-long, TIAN Xiao-ge, YING Rong-hua, A
laboratory research on the thermo-viscoelastic consti-
tutive model of bituminous mixture[]]. Journal of
Changsha University of Science and Technology: Nat-
ural Science Edition,2004,1(1):1-7.
EEF . HBRE.REMR.HFSHHFRSHANES
HrgI] KEREZR: ARF¥IR,2002,22(5);
5-8.

YAN Xi-li, FENG Chen-hui, LIANG Chun-yu, Com-
parison of mechanical behavior between bitumen and
bituminous mix[ J]. Journal of Chang’an University:
Natural Science Edition,2002,22(5) ;5-8.

BETA . EHR UERVERGHMERRESHE
EEMERD] FEFK%¥E%#R,2000,28 8 H)).501-
504.

HUANG Wei-dong, LU Wei-ming. Relationship be-
tween rheological indexes and dynamic stability of rut-
ting test[ J]. Journal of Tongji University, 2000, 28
(8):501-504.

AER @A ARNAEERTFNHTFRESHNR

£6]

£7]

£83

£9]

(10]

BB E LT 2 B 38 E P % ,2005,22(11) :54-56.
ZHOU Zhi-gang,FU Bo-feng. Applying the theory of
viscoelasticity to evaluate thermal stability of asphalt
mixtures[J]. Journal of Highway and Transportation
Research and Development,2005,22(11) :54-56.
RS, RER. HiFEREEHAKAZEFHERLI]
o B 2 B 4, 2006, 19(5) - 18-22,

DU Shun-cheng, DAI Jing-liang. Permanent deforma-
tion evaluation index of asphalt mixture [J]. China
Journal of Highway and Transport, 2006, 19(5) ;18-
22.

Witczak M W,Kaloush K, Pellinen T. Simple perform-
ance test for superpave mix design[ R]. Washington
DC: National Academy Press, 2002,

heZ HESHEFRGHBEAEEML R AR
238 KA, 2001,

BEH. PELIARIAHREHFHEERERE
[T, @B LR, 2002,2(2) : 1-7.

DENG Xue-jun. Asphalt pavement stability at high
temperature for the Jiangyin bridge in China[J]. Jour-
nal of Traffic and Transportation Engineering,2002,2
(2):1-7.

KET HHSHERANOSEIEEERNA
[MI. db 7% . A R 3538 i iR 3t , 2006.



