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Solution and analysis of dynamic response for layered transversely

isotropic structure of concrete pavement
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Abstract: Considering that concrete pavement structure has certain transverse isotropy property due to
its formation process and other reasons, in this paper, the dynamic stiffness matrix of deflection basin in
frequency domain is obtained by using Fourier integral equation transformation method, and then the dy-
namic response of deflection basin in time domain under dynamic load of Falling Weight Deflectometer is
obtained by using mixed variable algorithm. The algorithm can be expressed analytically in horizontal di-
rection, and precision in computer sense can be achieved by precise integration algorithm in vertical di-
rection. Numerical examples verify the accuracy of the proposed algorithm. On this basis, extensive
parametric analysis is carried out for bottom boundary condition of the pavement structure and the trans-
versely isotropic property, so as to provide reliable analysis for engineering practice.
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Table 1  The material properties of the layered pavement

structure
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5.3.3 RAEMUEGRMENE JREZE RN
R RIRE, HS5 ML AL, T UK
J2 AR L A% 1) [ ek g e ok B e 45 40 30 7 e 7 i
0 T T =N~ 9 = i1 B2 B S0 i S O N I ]
P 35 J2 M O UL A% 1o ] L RO A% 1 )
BB n=E,/E, > MR 0.5, 1.0, 1.5F12.0PUF
L. MR A SCHE B B3 X U ffss 4 43 501
EAT V1SR4 2] % T 2 R 235 4 2 T 25 000 4L 1 6 A%
N, OB PEERAE (r=0.0 m) R RS ISR B DL R A -
=2. 0 m L Bl 9 I e Ko A e 1o 2 il il 2%, an &1 8
Fim. BERIIL, SH)EMHEE, IKEZ 5528
A5 T ] 1 g A T 6 18 3 ) {7 8 B R i 1 1) 5%
M) FEASHH W], % fe K AE 1 28 1k iR B SE A AR )
(ERNELPRY 9=y PRI NG Ry =R e A I ReNs|
FEIEJZE), R8I, B n i L, FRR
WA RS N2 AE 1O mys N EEAR KA TP, £

1.0 ~2. 0 m 715 Bl PN A9 52 M 2 AR I S 1)

5.3.4 ReF @i A EAfELERINE G R
Ve e SR T IR T A5 AR )2 1 SRy A O 4% ) [
e P 55X I T 45 K B0 g e 07 B S e, BT
B2 REEZE UL R b 3 1 4R IE T 2 R R4S )
] PE R 0, A8 0L 45 1w [A] 4% 3R 8K n=E, /E,, 50 57 B A
0.5, 1.0, 1.5F12. 0BG &L FIFHA SCHE HY 1Y
S, X DU O 4 S AT TS AR ) B i 2R
ERI R VAN AN, VR (7=0.0m)
(A B BRI 157 A B2 A r=2. 0 m Y15 [ N 19 B R B
Wi 07 22 26, AR 9 firaR . AT L, 2 [
7 LR TR — 2549 )2 R4S [ [ M 8 R, B
PRGN AR RIS R . &Y /N T
1 X A2 #% M 1 A 52 0] LE R s M n KT T 1
B, s /N .

(a) FEHEAL(r=0.0 m)fi A B A0l B B

350
y ——n=0.5
c \ ——n=1.0
= 2501 ——n=L5
] 7N\ ——n=20
£ 200 \ .
R
24 5
o 1504 .
E 100- .
® :
= 50 N i
o S
0, i
750 T T T
0.00 0.02 0.04 0.06 0.08
i )/s
(b) T KB [ h 75
T T T
3501
——n=0.5
3007 ——n=1.0
| ——n=15
g 230 ‘ ——n=2.0
2200
b X
% 150 \\
K 100+ ~ .
50
O_
-50 r ; .
0.0 05 1.0 15 2.0
5 /e A FE RS /m

19 R THIZEAL EATOULAS i[RI R P B 18 30 i B2 A 52

Fig. 9 The influence of the transversely isotropic property of
the layered pavement structure on the dynamic response of the

pavement



118 Rl K2R (ARBIERR)

50 %

6 45

AR SCH AR 23 A8 #0071 R A5 21 1 BN 2
UL T W BERE e, TR F TR A 78 B B0k S
TAYUR BN IO R, SR AR AR BRI 18] [ 1
J2 AR i v 45 K A B 3 e 280 T A e L 52 A
7o RS IEAS SCI 2 HERR M A SR b, X A
JEG P 300 50 25 P R 25 A 5 TR 45 ) J= 4 R UL 4% 1] [
ST T 2RO, AR

S Lk :

1] e, FEAWT, 254 FWD R T B w45 H R

R AR [T, RIBF R 4 (H SRR
fi), 1996, 24(5):520-524.
FENG X, TANG B M, LI J H. Nondestructive evalua-
tion with FWD on structural bearing capacity of asphalt
pavement [J]. Journal of Tongji University(natural sci-
ence), 1996, 24(5):520-524.

(2] AEHEDE, WHCRK, 5KH T FWD S 8 R T %

AT J2 RO S50 B R A5 TR SR A [T ], rh 2 B 24t
2001, 14(2): 9-12+17.
RENR B, TAN Y Q, ZHANG X N. Solution for solving
asphalt pavement multilayered viscoelastic body surface
deflection in the FWD dynamic case [J]. China Journal
of Highway and Transport. 2001, 14(2): 9-12+17.

[3] DURBIN F. Numerical Inversion of Laplace Trans-
forms: An Efficient Improvement to Dubner and Abate’s
Method [J]. The Computer Journal, 1974, 17 (4) :
371-376.

(4] 5IE, BRI, AR, JET 400 - BB A A A PR o)

18 AN SF- K % T sl g e 2o AT (D). A R AR AR,
2013, 35(S1): 232-238.
LU Z, YAO H L., HU Z. Dynamic response analysis of
rough pavement under vehicle-road system coupled vi-
bration [J]. Chinese Journal of Geotechnical Engineer-
ing, 2013, 35(S1): 232-238.

[5] PICOUX B, AYADI A E, PETIT C. Dynamic response
of a flexible pavement submitted by impulsive loading
[J]. Soil Dynamics & Earthquake Engineering, 2009,
29(5):845-854.

[6] HAMIM A, YUSOFF N 1M, CEYLAN H, et al. Com-
parative study on using static and dynamic finite element
models to develop FWD measurement on flexible pave-
ment structures|[J]. Construction & Building Materials,
2018, 176:583-592.

(7] Fgrwe, 2220, P B P WA 2 250 AR 2 RE 1 T

1) b B0 320 5 A1 % o T 45 449 50 g v 1 A
FE R, A TR S PR b 2R M A S W
FEREOL, oA B E O R A AR, AN RERT
B0 3 D P (O BR = 1] 5

2) ST 2 AL J2 R TEZ W7 B RO 1) [ 1 S
Xt 1T 3 7 R L R A, (EURFE R AR R R
AR LA 3, S R, R TR PR
% T AEIE

MIFEDIELT]. AR TR, 2018, 43(5):213-216.
WANG J Z, LI H. The method to evaluate structure—
load—carrying capacity of semi-rigid base [J]. Highway
Engineering, 2018, 43(5):213-216.

(8] AR, JR LM, pilE, 45 R R X ity 5
e npiE it ALININE UIIPNC S = QEF/SEs
SEHR) L 2009, 48(6) :42-47
HU L L, SUW G, LU H, et al. Influence of overlays’
thickness on the mechanical properties of asphalt pave-
ment based on broken—and—fixed concrete[J]. Acta Sci-
entiarum Naturalium Universitatis Sunyatseni, 2009, 48
(6):42-47.

[9] LI M, WANG H. Prediction of asphalt pavement re-
sponses from FWD surface deflections using soft comput-
ing methods [J]. Journal of Transportation Engineering,
2018, 144(2): 04018014.

[10] GRENIER S, KONRAD J M, LEB@UF D. Dynamic
simulation of falling weight deflectometer tests on flexi-
ble pavements using the spectral element method: for-
ward calculations [J]. Canadian Journal of Civil Engi-
neering, 2009, 36(6): 944 - 956.

[11] AL-KHOURY R, SCARPAS A, KASBERGEN C, et
al. Spectral element technique for efficient parameter
identification of layered media. 1. Forward calculation
[J]. International Journal of Solids and Structures,
2001, 38(9): 1605-1623.

[12]  REH, BB, X, 55 T =408 oogin
M A5t B I RG] A L TRSEmR,
2007, 29(7) : 1060-1064.
WU CY, GEXR, LIUXY, et al. Inverse dynamic
system for pavement structure based on 3D spectral ele-
ments [J]. Chinese Journal of Geotechnical Engineer-
ing, 2007, 29(7) : 1060-1064.

[13] STONELEY R. The seismological implications of aelot-

ropy in continental structures [R]. London, England:



5 4 1]

S ROULAS (i) [R] P TR I e g 1T AR 45 A 30 g o 1o SR A5 0 B 115

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Royal Astronomical Soc. Monthly Notices, Geophysi-
cal Supplement, 1949, 5:343-353.

SYNGE J L. Elastic waves in anisotropic media [J].
Journal of Mathematics and Physics, 1957, 35(35) :
323 - 334.

BUCHWALD V T. Rayleigh waves in transversely iso-
tropic media [J]. Quarterly Journal of Mechanics and
Applied Mathematics, 1961, 14 (4):293-317.
WANG Y, RAJAPAKSE R K N D. Dynamic of rigid
strip foundations embedded in orthotropic elastic soils
[J]. Earthquake Engineering and Structural Dynam-
ics, 1991, 20:927-947.

RAJAPAKSE R K N D, WANG Y. Green’s functions
for transversely isotropic elastic half-space [J]. Jour-
nal of Engineering Mechanics, ASCE, 1993, 119 (9):
1724 - 1746.

SHODJA H M, ESKANDARI M. Axisymmetric time—
harmonic response of a transversely isotropic substrate—
coaling system [J]. International Journal of Engineer-
ing Science, 2007, 45: 272 - 287.

KHOJASTEH A, RAHIMIAN M, ESKANDARI M, et
al. Asymmetric wave propagation in a transversely iso-
tropic half-space in displacement potentials [J]. Inter-
national Journal of Engineering Science, 2008, 46:690
- 710.

BB, WIEAR . 3D BOULAS 16 [F) P s B AR RS A A A
JZIEl1]. A TR, 2013, 35(2):717-720.
AlZ Y, HU Y D, Uncoupled analytical layer—element
for 3D transversely isotropic multilayered foundation
[J]. Chinese Journal of Geotechnical Engineering,
2013, 35(2):717-720.

LIN G, HAN Z, LI J. Soil-structure interaction analy-
sis on anisotropic stratified medium[J]. Géotechnique,
2014, 64(7): 570-580.

SRS, MR, F/NSC, AF L ROULAS m] [R] 1R IR
R P R LA S g W R A R AR (). T

(23]

[24]

[25]

[26]

[27]

[28]

FisA4le, 2016, 38(6): 1117-1124.

HAN Z J, LIN G, ZHOU X W, et al. Solution of dy-
namic stiffness matrix for rigid strip foundations embed-
ded in layered transversely isotropic soil [J]. Chinese
Journal of Geotechnical Engineering, 2016, 38 (6) :
1117-1124.

B, MR, TE/NIC. = MR REILAS 1) [ 1R 2R b
SEAT B RS AR R BOR I [) ], A TR R, 2016,
38(12): 2218-2225.

HAN Z J, LIN G, ZHOU X W. Solution to Green’ s
functions for arbitrary points in 3D cross—anisotropic
multi-layered soil [J]. Chinese Journal of Geotechnical
Engineering, 2016, 38(12):2218-2225.

MASAD S, LITTLE D, MASAD E. Analysis of Flexi-
ble pavement response and performance using isotropic
and anisotropic material properties [J]. Journal of
Transportation Engineering, 2006, 132(4):342-349.
XIREUR, BRI, WA, 45 . B T ROULAS ml [ 1R Y
WiT5 B M EH)Z 1200 0], W Rl (A 4R
R , 2017(5):101-108.

LIUNY, YANKZ, HU Y B, et al. Mechanical analy-
sis of asphalt concrete overlay over old asphalt pave-
ments considering cross—anisotropy properties [J].
Journal of Hunan University (Natural Sciences) , 2017
(5):101-108.

GAZATAS G. Strip foundations on a cross—anisotropic
soil layer subjected to dynamic loading [J]. Geotech-
nique, 1981, 31(2):161-179.

GAO Q, ZHONG W X, HOWSON W P. A precise
method for solving wave propagation problems in lay-
ered anisotropic media [J]. Wave Motion, 2004, 40:
191-207.

RUGE P, TRINKS C, WITTE S, Time—domain analy-
sis of unbounded media using mixed—variable formula-
tions [J]. Earthq Eng Struct D, 2001, 30 (6) :
899-925.

(REHE TigE)



