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bR Z Oxyz, ] DL [a] A5 5 &) 4k , D) Ak AR A8 4 ou, du, du,
o, = ¢, — +Ch,— +C¢5—; (5a)
x = x, — cl; 9x ay 9z
roe (1) g, 2012%4’022%"'023%; (5b)
—_— ax ay 0z
KASTAERS B AL bR R R T AR R - o=y My O T s
W(x, —ct,y, ,z,,t) = V(x,y,z)e; (2a) o 9y 9z
W(x, = ct,y,2,0) = (oW - cW,)e™; (2D) T = (67 o) (54
. _ Y
l-[/(%1 - Ct’yl 3% J) = (021[/“ - Ziwcqfx - qu,)ela)L, ou u
(20) =G ) )
et A I € B = a2 4 28), (5)
SR £ = S oo
1.3 EAXHRE e w, o, o, 53RN IR AR R x oy 2 ]
EF A AT AR A BN Iy e N7 [R) R MR b L | E’th&,ﬂx\UJ«UZJ},\T“\TU ol R NI
?ﬁ‘@i’@%*fif@ﬁﬁ?ﬁﬁ?ﬁﬂ??E’Jl_ﬂjﬁ‘(éz\ﬁﬁ C113C123C133Cpn v €3 \C33 \Cyq Cs5 1 Cog N IEZE 4% ] S P
Dv w +m((‘227 —2la)C(:;7w _ww) _ q _p, (3) iﬂ%ﬁ‘]9/l\*ﬁﬁjﬂﬁg/ﬁg$'ﬁﬁﬁ
X X
‘ o 2 R BRMKE
-

st 3 DR A B SR AR R YA AR ERRE JEE s m O TG
FIR R Al A7 THT AR P B9 D 50 O R B AR Y
B

Xib T IE A4 1) S P s b R L A T 3y 2 Y
23 0] ), A 77 7

2 2 2

0 & ( ) u,
0 cyy y + Cg aiyz + Cs5 g u,+ (¢, + cg Txay +
ou, ou ou,
D (013 +Csi) P(Czi; - 2iwe —~ —wqu);
O o0x 0x ’
B & & Fi o u,
D666$+02267y2+644g LLT+(C]2 +666)6Tay+
D
I, , du ou )
(623+C44> =plc ; —2lwe—_— —wu|s
D dyoz X 0x
O 2 P 2 i
B(Cﬁ 7 T Cy 5 Ty )u + (e +c5) xﬁ'z
O 2 2
d Ju
D(sz +C44)ﬁ_ (02 5 —21wc¥—w2u),

2.1 REH

S B o 2 R R 3 B SR
‘li‘m ui>(x,y,z) =0,k =0,1,---,(n-1); (6a)
‘lj‘rn ufk)(x,y,z) =0,k =0,1,---,(n-1). (6b)

XA 9 A7 2, BT AT 43 i A IR e, DR
KT AVE 5 LSRR SR P e AR
T EE Ot 2 SR AR MRS I 2 T
(1 30 LR R [ [ Bk R 15 3 35 ' B 4 T )
A I 7 RV I 05 3 120 5 2% A

o.(x,y,0,t) =-p(x,y); (6¢)
7. (x,y,0,t) =0; (6d)
7,.(x,y,0,1) =0; (6e)

u,(x,y,0,1) = w(x,y,t). (6f)
2.2 REBAE
X AR FR %y BY Fourier 28 #asg LUNF -

+0 4o

f j Flx,y,z)e ) dudy;

- -

f(E,m,2) = (7a)



52 BN K 27 2 4R (T 22 JR)

A 8 33 AR 4 g

_ 1 z ei(éﬂm)
flx,y,2) = zi;;;;i;gi.f(§,n, ) dgdn,

(7b)
. €. K Fourier 28 e 244
XA sh 4 75 B (3) OC T 2.y 19 Fourier
4, 15 3

4P
W=7, (8)

AL =D (& +772)2 +m( -8 +2weé - ).
xof s 2 2 ) A R 3l J7 B2 20 (4) [ R 4
Fourier 284t , I 2 5 W B 2

v 0 O0pg w0 g0 0 Bup
50 A, ogjzzg@g So 0 BBE-
Jo o 4,0 0,0 UB, B, oL

o0 P, D, 0 O
iéﬁ%g&z D,, oE'}@:o, 9)
0,0 Ho o »p,0, 0

R A, = - cy3dy = - cy3dy = - 3B, =

—i€(c;, +es5) 3By = —im(eyy +¢4y) 3D, = e, &+

c()ﬁnz +p( - 02§2 + 2wéc - a)z);Dlz = én(e, +

Cos) iDs = oo’ + e’ +p(=E +20éc - w) ;
Dy = & +cym +p( =78 +2wée - 0”).

W (9) YA -

[u, w, w]" =16, 6, 61" (10)

L (10) 47 AT 2 (9) T HRAE 7 72

ad’ +a,A" + a0’ +a, =0, (11)

K. a, = A,A A za, = D, D,D,, — D, D3, ;
a, = D, A Ay, + A A,D,, — A, By, + A DA, —
BlA,;a, = D, ,D,A,, + D,A,,D,, + A, D,,D,; +
2B,,D,B,, - D,/ B3, - A D}, - B1,D,,.

FRAEDTFE (11) B R E— o N oy &, HR
HoxA, A, xA,,(Re[A,]=0,j=1,2,3),7]
KRN

——E - 12;

M= mg, T 0 5 (12a)

DY B, S 1 (12b)
2 T 73, 30°
a XX

A=+ 470 - , 12¢

R A NI
fﬁt}n:@=(_ﬂ+ vy | "

4 "7

XFF 2 = 0 [ IE 3845 ] S Pk~ 25 (6] 149 30 7 4
el i, 2 z — o B u, u, u, PN FE, WH
FETT A2 (9) il -

3

u, =- a.F.e 7, (13a)

A ]ZI 7

o 3

u, =- ZIBije_AfZ; (13b)
j=1

u, = Fe™7*, (13¢)
2.

X = [4,BA; + (B3D,, = B,D ) A 1/A;
B, = [A,ByA] + (ByD,, - B,D,)A1/A A, =
- (A,Dy, + ApD AT = AjALAT + DD,
DDy, F(j =1,2,3) HfiE &R

R F3 A8 A Z [R] B 0% &, W] LAAS 3]
J1A8 R IA A

=

3 3
Do, = —euie 3 afie™ —euin 3 BFe™ -
j= 0=
O 3
E 3 2 )th/.e_AJZ;
i=1
I s
@0-9 =" Clzigz 0"'J’F/'e_AJZ ‘sziﬂ Z IBjFJ’e_)‘J: -
0 T - (13d)
E €2 2 AFe™
0 =
00— 2 N S N
. =- 013152 a/.F/.e v _CzslnzﬁjF/e e
O j=1 i=1
E 3
U Cy z )\jF/.e’A"' ,
=1
_ 3 3
ELT” - 044[ i”’IZ Fe™ + ZB./)‘/'F/‘S?A'Z] ;
j= iz
0
- 3 3
0. = e[ Y arFe™ +ieY Fe™];  (13e)
O j=1 =1
- 3 3
%T” = Cés[ - 1§2 Bije_/\f: —-in 2 ajF/.e_’\Jz] .
j=1 j=1

Pl B oS (6c) ~ (6F) T vy 1Y
Fourier A8 #f , 7] PSR 45 .

a.(£,7,0,1) =~ p; (14a)
7. (£,7,0,0) =0; (14b)
7,.(£,m.,0,1) =0; (14c)
u,(£,m,0,0) = w(é&m,0).  (14d)

B (14a) ~ (14e) LA (13d) ~ (13e),
IR TT R RN -



FEE A IE A4 i S G B R T A8 Bl A A T T Y 2 M) 3 g i 53

p; = cl3i§aj + cz3i7;,8/. + 033/\/-;
4 = oA+ (15)
1, = BiA; +in,
MfrEREF () =1.23) 4:
Fyo=p- (gr = qor) /A,
Fy =p- (qry = qr)/A;  (16)

Fy = l; (q,ry = q,1,) /A,
A A = P3qx7y Y PiqsTy Y Pyqi T T PaqsTy —Piqi T,
— P19275-
W (16) A (13¢) , 75 21 1 5L (1Y 5 18] 7

Mo

;z = %[(qu —qry)e M+ (qry — qyr)e M+

(g1, = qiry)e ™ ] (17)

B xC(8) M (17) 47 AL 58 34 5 2% A
(14d) , 4t b S g BV sk 137 7 1) R/ A

_ l;'A
p = .
A+ L (qyry +q,r5 + @1y = @75 = G517y = q,75)
(18)
M Be B H
o q
w = .
L +A/(qry +qir5 + qo1y = qory = @37y = q,7,)
(19)

XoF HE AR A FH B A 1] 467 240G T o .y 19 Fourier
A g, ml LIRS
—  4q,sin(éb)sin(nl)

h- én '

XFR(13)  (18) ((19) ((20) Ji & T « F y
() Fourier 336 78 # , 5k 7T LA A5 £ 88 5 18 P Ao 28 1
N IE A2 45 1) S A AR A AR AR &R T e g Y R
Wi W T SCE R RA R, A4 1 AR #8 B B 55
Fik

iwt

e

(20)

w = 5 °
iy

+o0 +o0

1
,L,L L+ A/ (qsry +qi15 + o1y = o7 = qs, = qi1y)

&n

3 BHloH

BAIEALIE 1 TR, 45 8 Bl il IR fr 4R
FHN B2 66 i T Al o2 % 52 Wi H0(E 45 2R VR T TE i
FRRTECE K 5 =0.075 m, 1 =0.075 m, W {4
qy =100 kPa, fif # 45 3 [ =16 Hz, B S @ JF ¢ =
35 m/s. BB PEAS B 3.0 x 10" Pa, JAFAEL 0. 15,

dedn. (21)

FE 0.25 m, %5 BF 2 400 kg/m’. + A 3 2 8%
E =50 MPa, u, = 0.25, G = 20 MPa, G =
24 MPa,G, =15 MPa,p =1 815 kg/m’. 5| Afifi it
RIS A ) S SR R L R R, (mo=
1234),%E, =hkE E =kE p. =ku,,
Wy = kg Mk, = 1B AR £ m] A 4.

oy AR B AR K, E X 3 F1 e R 5 i R L
WAk, = 1.2,k = 16, Bk R
¢y ~css ME, g, G, Z I Z UL SCHk[ 14 ].

&2 Fl& 3 43000 ky = 0.8 XU ky IS 1Y
B AL A% i o J7 18] A PIE I (y = 0) Hly J7 [0 B S IE
Kl (x=0), K4 FES S E = 1.2 {UhE
ky B B AR AL RS AE  J5 1) B B 18] (y = 0) FAE y 5
AR (v = 0) , Hdk, = 1 %0 (9 EE #oR
2% 1o ) P L AR I 1 B AR T

0.8

0.6F

0.4}

w/(10*m)

x/m

B2 AEIEE HIRMUEBE x FEAKFE(y=0)
Fig.2 Plate deformation curves in the direction

of x due to different E,(y =0)

w/(10*m)

~02 . . .
-20 -10 0 10 20

y/m
3 AELEHE MiRfBEY FEBKF(x=0)
Fig.3 Plate deformation curves in the direction

of y due to different E (x =0)
M 2 ~5 AT LU Y, AR 0 25 1] 5 4 X A 0
x Fy J7 1) B9 57 58 #R AT BRI WA, 7R« J7 1) B ¢
e, SR f R AL A% 24 H BT Ay A T SE R AR Y



54 BN K 27 2 4R (T 22 JR)

2019 4

0.8

0.6

0.4

w/(10*m)

0.2

02 . . .
-20 -10 0 10 20

x/m
B4 AELEE BECBEx FEBEE(y=0)
Fig.4 Plate deformation curves in the direction

of x due to different E_(y =0)

0.8

—— k=08

w /(10 m)

y/m

5 AELEE, HIRABEY FEBEF(x=0)
Fig.5 Plate deformation curves in the direction

of y due to different E_(x =0)
ZEM, B ANRERR 5 A8y J7 18 B BT Bhs A2
KT y=0 PR BEE k, B E, B30, AR A2 #8
e RAG AT S0, 4% 18] 6] 1k Bk B8 d /N, &y = 1.2 A0
ke, =2 IR ) T B A A T R0 2 2 m S
WAER L. BEE b, WD E. B3I, A0 A8 Y fie K
B0 2980/, 2% 1n] ) 1 ) A (B R Tk, =2 1Y
(L. 8 iy 28 FP L a5 B Ak 1 Al 2 A% it 2R B Y
PRl (AR R B/ I TP 2%, HAE R S8 TN
A G B AR AR AR A O, W] LA 2 50
PR 2 1) B SRR B B el 1 B g A

4 g

BV T B B IR A T IR A 4%
S Pk s 3 b B BR K AR 4 =5[] Bl g i Bz e
120 T 3h A7 B B 08 . X 2 3 i I i
AR T 2% B 0% T Al s 0 A 2 R RRLEE AT T 5 A
SR IFIEAT T 28O B, BE S T R R 2 RO AR

(LR R W L. BB B 5 R R 0. (1) % )8 +
A B 1E 52 4% [] S 1 B T O A ORI AH L
PER BB T iz 5 (2) E, W AR T 2 AR /N i
E, MR B9 5 W AR K, B 2R S 2 A% A A
R UCTT A A S R A

SE

[1] ACHENBACH J D, KESHAVA S P, HERRMANN G.
Moving load on a plate resting on an elastic half space[ J].
Journal of applied mechanics, 1967, 34(4) :910 - 914.

[2] SNEDDON I N, GLADWELL G M L, COEN S.
Bonded contact of an infinite plate and an elastic foun-
dation[ J]. Letters in applied engineering sciences,
1975, 3. 1 -13.

(3] SBdhdh. A ERW S EmB P [J]. 3
iEAE, 2015(2) ;. 87 - 89.

(4] BRI ZE0m, R, B3 £ Wi & 0F T B%
T8l g o7 [T, Wi V0 K5 3 R (L% R,
2009, 43(4) . 777 -781.

(5] OB, 2, 2248, R ah i &0 4F T B A 5
TR SR R B S R [T ], 7Y 2 SR K
FCHRBER) , 2014, 46(2) : 204 —209.

(6] BRIEF XK, &%, B ol /6 H T s
Jyma R B SE[)]. SRSl S e, 2014, 33(16) :
62 -67.

(7] R g e, 2t sl 40/E T 395 5
TS5 AR 7 2r A [T ] BRIE R 2 5 TR iR,
2014, 11(2): 84 -89.

(8] 3kih 473, S Be A, 23 fr #4F F T AR TIE B K
e Hl B Ty o A [T ] KR R 2 2 i (T2
Mz), 2017, 38(1). 11 —-15.

(9] /B B A5 1 [R) 14 40 70 il 5 B 56 BR A 9 32 38
Wah([T]. 25508k, 2007, 29(1) . 42 - 46.

[10] ITOU S. Stresses produced in an orthotropic half-plane
under a moving line load [ J]. International journal of
solids and structures,2016, 100/101:411 -416.

[11] ZHANG C L, WANG B, ZHU Y Z, et al. Research of
dynamic response of orthotropic elastic media under
harmonic loads[ J]. Advances in engineering research,
2016, 65 379 —384.

[12] skdEmi, B, S 2 M. B8 T L& 5t
Hi L T RO AR B 3l Jyom i [T ] A b TR A A,
2017, 39(2): 352 - 358.

[13] REE, ERHN, WAE. B HxitmiM]. b
A N RS L, 1985.

(14] TRBEET, MG 1E 24 1 3 PR A4 RE SR AR A 5 3
ST s &S, 1997, 23(1) : 20 -25.

(F#e4 61 TT)



%13 BT A < G5 R AR R LA T 1 AT R Y 61

Efficiency Analysis of Structural Extreme Response Estimation Methods

HUANG Xiaodi, GU Ying, HE Jun

(College of Naval Architecture and Civil Engineering, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract; The accelerated simulation method based on generalized extreme value distribution and shift gener-
alized lognormal distribution was proposed to effectively estimate the extreme value distribution of structural re-
sponse under random loading. In order to investigate the efficiency of the two accelerated simulation methods in
the estimation of the tail of the distribution of structural extreme response, the parameter estimation process of
generalized extreme value distribution and shift generalized lognormal distribution based on simulated samples
was discussed in detail in this paper. A comparative analysis of these two kinds of accelerated simulation meth-
od about computational cost and accuracy in the estimate of the tail of the extreme value distribution of the ran-
dom variable, the tail of the extreme value distribution of the random response of the linear structure, and the
tail of the extreme distribution of the stochastic response of the nonlinear structure was made. The characteris-
tics and applicable scope of the two accelerated simulation methods were given. In the end, the suggestion on
how to choose two accelerated simulation methods was given.

Key words: structural random vibration; extreme responses; estimation methods; efficiency analysis
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3D Dynamic Response of Infinite Plate on Orthotropic

Foundation under Moving Loads

WANG Bo', ZHANG Chunli"?, ZHU Yanzhi’

(1. College of Water Conservancy and Environmental Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. College
of Information & Business, Zhongyuan University of Technology, Zhengzhou 450007, China; 3. School of Civil Engineering and
Architecture, Zhongyuan University of Technology, Zhengzhou 450007, China)

Abstract; The mechanics model of the infinite elastic plate on orthotropic foundation were established under
the rectangular coordinate system. And the dynamic equations of plate and foundation were derived under mov-
ing loads based on the thin plate theory. By means of the coordinate transformation and Fourier integral trans-
form, the integral forms of dynamic responses of plate and foundation were obtained. Numerical example was
given on condition that harmonic vibrating rectangular load was applied on the pavement plate surface. The
calculation procedure was performed by MATLAB software. Studies were conducted to investigate the effect of
the soil orthotropic parameters on the plate displacements. The results showed that the dynamic response of the
subgrade and pavement interaction could be accurately described by considering the orthogonality of the soil.

Key words: orthotropic foundation; moving loads; elastic plate; dynamic responses



