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Mechanical response measurement and simulation of full scale asphalt pavement
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Harbin 150090, China; 3.Liaoning Provincial Department of Transportation Highway Administration, Shenyang 110005, China)

Abstract; In order to explore the mechanical response of asphalt pavement under the vehicle load, researches on
the mechanical simulation method and the characteristics of internal mechanical response of asphalt pavement were
conducted based on the full-scale accelerated test of asphalt pavement in Liaoning, China. Fiber bragg grating
sensors were utilized to measure the mechanical response of the surface course bottom, the base course bottom and
the top surface of the subgrade respectively. Viscoelastic parameters of asphalt mixtures were obtained through
uniaxial compression dynamic modulus testing. Elasticity moduli of the base and subgrade were back-calculated
through the FWD deflection basin. The distribution of the contact surface between the tires and the pavement surface
was also measured. The sensors were calibrated through uniaxial compression dynamic modulus and four-point
bending dynamic modulus testing. Based on the measured input data, a mechanical simulation model of the
pavement structure was developed with the finite element software, ABAQUS, in order to analyze the mechanical
response of pavement structure under different loading positions and speeds, then a subsequent comparison was
made between the measured and calculated mechanical response data. The results indicate that the developed model
can reasonably simulate the three-dimensional responses of the asphalt layer, the longitudinal and lateral response of
the bottom of semi-rigid base, as well as the compressive stress on the subgrade surface. The viscoelastic property of
the asphalt mixture induces the elastic aftereffect which leads to the asymmetry of the mechanical response curve.
Amplitudes of the asphalt layer three-dimensional responses, horizontal responses of the bottom layer of the semi-
rigid base and compressive stresses of the subgrade surface are all raised with the increase of temperature and the
decrease of loading speed.

Keywords: pavement engineering; accelerated pavement testing; viscoelastic three-dimensional finite element;
pavement mechanical response; simulation model

SR T 45 A 0 2 SO T R T B TR T 2 -

gajaﬁﬁg: 2?14%11-%& | BT ITA IR AR R A R st e
SMA . 174 2CERHE I (201507) Ty -
EEF: KM (1982—) 3B it S LRI OPHT PRI A ORGP (AR | o R i

BISHEE . [T215  renjunda89@ 163.com. R TR R0 e=d oy B = S R DA A B & ST - 1]



42 . MmoR E L

AP NEE S

5 48 %

SEFRE ST AL SR, Bl 2 S 3 il 3k A0 A A ek
BRI, 6 2548 1 Sh A RHE B S EE S E R
SR 1 245 BT 5 e LA R 25 1T 10 7 B T 114 1
RERG 27 T 5 A 48 1) B0 A5 0 1 AT 6 1 4
A 3240 8 43 M7 5 5 43 SR R K2 - B8 43 A RS Bt
PEITHT. RS AT HT I35 56 1 77 65 1 2 R 1R R
ZEF I EEA B 2 L) B Hamiton JRBH | 22 F& 1% T 285 #4)
BEJE G52 . Xof T % i 25 44 e A BELJE , il T P
=R R LR S Er NN LR e S Y /A= wa A e
JERECT . IR BB BFGE B R  , 1%07 k 1 E H
s e — AR E. X TR SR 2 BT O 1, B AR R
Wi IR ARG SRR P | 20 W% 245 44 BELJE RSP 1) 5%
M), SR RS SAS KRG G 2R B 7 TR B R R S S 4005 |
NGRS AR HERR T (B BHLJE S 50052 |, B 4
i R TR AR S bR TARIRAS i 5 S BLA
B BEE BRT, R AR Bt A B 5T
ATh45= BA AE 22 Pk A AT B B, Bl 2 -5 S A %o
LU FNSGAIE , 2 18 ELA Ry BRAE kLA LR UE 56 T 7 27
7 AT B A B T T R

I R AT A EE SRS e DL T
R A 5 LR O 8 TR RO 2 56 45 4 S A
FENI G ST T BT S0 S0 = 4 R OT )y AR
AL OCRHE NI 7k, 19 800 5 R AR R S
A FWD 25350 45 5 A 31 3 2 R0 4 6 Y gk
B i s SO T 0 R 1 A MLS 66 Jn#k 5 it
TEMRIr R A SR AT YoM IR | X &5 44 P 3
Y0 N R AT S W 3 S A S S X
LU, XoF BT ST ) B T D 2 0 AR A A T 300 ; ik —
O3 T I TR 8 ) PN 3 2 i oy A e e HG A2 LR AT
TR G 1) 5

1 BEEWSRE T Fm LN E

iz BRI A8 A (1 g T B 7 I T 25 A T =X
ST 5 mx40 m Jsk X5 B, 1550 B % 1 45
¥4 3.5 em SMA13+6 ecm AC20+8 ecm AC25+20 cm
IKPERRE AT +20 em KPeFE AT +15 em AR
WR+13E. SR MLS 66 Ik fin 5305 R e, % 6 i
PEATINE IG5, MLS 66 AT H AT 3 IhRE, 1K
RN U BL T S A R R N R B K 2K
HEEA 6 000 /h, A2 T 22 km/h AT 43K E

SR RE AN IS 11 285 K4 PN 1) 0 2 0 g, 6 i
FAR IR AT T CEF AR ) N ARG IR AR K A 5
BAL IR I B 1 15, X 1T 2 0 L 2 JEC 30 1) = [ 17
A5 T A BT N Sy AT SR AR [ B S Ao SR 42 % 1
SER PR IR IR R . AR IR U I 2 B rp oL A
W, R A A T2k, 2k 150 kN. g &

AL F5 1 RN R 2 9 F 7 €, I 2RO F8 Ao 48 5 T AU
U7 B T A& R AT IfT 1 L7 ; i 28 2 45 for 2%
L ETVs iy RN (VA R VA (S22 N T

JIT SR FH 1 6 27 ST B AR AR i (— Sl 50 ~
70 GPa) 5 HFIRA R & (— M 1.0~ 1.2 GPa)
FHZEREK, w5 i A% SR A 1 A7 7 L BRF 30 DX 11 17
TG RN AR TR A A, BN e 2 RS A s
(EAEEZE S MPEI C L L s 5 0 7 1R A 6t
V) B 0] 25 T 44 Rl A e A 6 T v o PR ) i B T
fill. BT T T S PR B0 AL B A B R AR T
REJTIEATITAL , ANl 1.2 PR,

B1 BEHEHSEERE

Fig.1 Dynamic modulus of uniaxial compression test
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Fig.2 Dynamic modulus test of four-point bending
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Fig.6 Dynamic modulus master curve of AC20
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Fig.7 Dynamic modulus master curve of AC25
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Fig.8 Shift factor of time—temperature
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Fig.9 Vertical strain of asphalt layer bottom
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Fig.10  Longitudinal strain of asphalt layer bottom
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Fig.11 Transverse strain of asphalt layer bottom Fig.12  Longitudinal strain of water stabilized gravel bottom
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Fig.14 Compressive stress of soil-based top
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