.26 10 (2005 10 )
Applied M athematics and Mechanics

: 1000.0837(2005) 10_1183_08

EAR, R4 SRR

(1. \ 400041;
2. , 200092)
(B R 7))
s Ito ;
Markov . s
TU311. 2; 0322; 0324 CA
. (1
[L2]
(1
[3~ 5]
(6~ 101, Tto \
* : 2003.09 23; : 2005.0527
: (50178052) ; (7422)
(1965—), , , ( .Tel/ Fax: + 86.23_68599336; E mail:

zhonggangwang@ sina. com. cn)®

1183



1184

1
1.1
GB50009 2001 (10 m) vio( 1)
svio(t) =9 of(t), %, f(t) (1), Vio 10
m ,a M 5
Vi, hc18ia0.16 : L,
%= u 35 s (@) = 3o (14 2473 (D
w(t) (2) vi(t) = G WitFFi),
Z(t)+ aezXt)+ Bioz(t) = w(t), (2)
s “o” t ; a; = 1. 208 x 1()72V10, Br= 1.645 x 1075‘/%0’ Y1
= 6.2x 107 Vi
1.2
Davenport , vi(t) (i1=1, .-, n)
3 . f L
vag)j = 01%]0. py. (3)
n Gauss wi(t), (2) v;(t)z 9 Y
) wilt) . Efu(1)] = O
vi(t) = Ly, (4)
s 5 Lij E[Uivj] = Rtlb] E[Ui(t)]: 0
Lalji = 0, [ S<min(i,j)* (5)
, vi(t)= 9 Y1*Lijzp(t) wi(t) (2) y
2 Ito
M+*x+ C*x+ Kex= F(1), (6)
, X .M C , K x; F(t)
Gauss | Fi(t) = LWolAi+ YoVio [B BAiewi(e),  Wo :
Y() ; l'ls , IJE 7Ai .
Ui(t) (6)5
M ()
M x()|
I #i)|
L z(t)
0 I 0 0 1(xce)) (0] (o
K -C 0 p |2l JEl o
. 7
0 0 0 7 (1) olt o w(t), (7a)
0 0 - Bl‘l - o1 za(t) 0 L



1185

JEIAILH 0

JFZ,AILH,I JEnAerz
E- éusAiuzim}, (7c)
z L]

V%o
D= Yol v, —R.ggl8(a-016)

41 (7b)

cz(t) = z(t) e Zn(t)}T7 w(t)= {“’1(” “’"(I)}T’I n
wi(t) cdBi(t)/dt = wi(t),t 20,Bi(t) Wiener

y(t) = {x » z Z%T,B(t): {Bl(t) Bn(t)}T, (7)

dy(t) = G(y(t),t)*dt+ [0 0 0 I]+dB(¢),
0 I 0 0 0
1 1 1 1
Gy = |70 TR0 M BB
0 0 - Biel - ai°I 0
3
3.1 lto
(21 (8) Ito \ y(t) Markov
(8) { :
Ay(t ) = R(y .t )*nt+ [0 0 0 I]"*AB({), t €0+ Al (9)
LAy (L) = y() - ¥y = y(i); Wiener AB({) = B({+ At)-
B({),
Ef ABi(t)] = 0, E[ABi(t)*ABi(t)] = 2TAL*5;, (10)
, 8 Dirac  :R(y.,[) (8) G(y(t),t) Runge_Kutta
R(y ., {) = Re(y.{) Ry, {) R(y.{) RAy.{))"=
(R1+ 2’R2+ 2’R3+ R4)/6,
Ri= G(y.,t), Ra= G(y + 0.5M* R, ¢ + 0.5At),
Ri= G(y + 0.5At*Rs, ¢ + 0.5At), Ra= G(y + At*Rs, { + At)*
3.2
(9 / o
Ax(t )= Re(y,t )*At,
AXt )= Re(y . 1) A, (11a)
Az(t/) = Rz(y/,t/)'At,
AX{) = Ry .{)*At+ AB({), ( 11b)
(11a) 3 , (1b) n . (10), Gauss
Nx(1)
Ef 0t )] = Ra(y, ()= at, B[(A2({ ) - B[ ax(()])°] = 27Ae (12)
& *) Dirac , ¥(t) [t/ {+ At] p(y,t|y/,t/)

p(ztl ¥l ), ()=

(20 "(AL)” ”/Z-exp[— (4TAL) ™ e _Z(z;— 2(1) - Ro(y, t’)-m)z] , (13a)



1186

plyel )= pzit ) ) LBt - w(d)+ Ry(y . 0)rae):

iH(S(zl'(t)— zi(f )+ Rzl(y/, t/)'At)'il_lLS(x?(t)— (il )+ Ryg(y/, { )e ar)e

Chapman_Kolmogorov_Smolu chowsk i , y(t)
N
p(y.t)= J.J.J.P(J’Q t)* 1_1[1 (yis ti | yio1, tim 1) dyody 1 --dyv-1),
, dyi = dx1d@rdz1dzx - dxn dndzndzz ti= to+ N*At
p(yo, to) . (Yo o) :

[13]

p(y)= limp(y, )
3.3

) p(y), .
[14]

n

Pz = o .HGXP[_ a(2m(Bizi+ )] = p(z)p"( 2.

, e . > . {x x%'T
{(z 3’ {x &7 »y) % ,

J-J-J.P(Y)ddeRiz = (2

( 13b)

(13c)

(14)

(15)

(16)

(17)

(18)

(19)

. : Nl ey aramz= ez,
4
S:{xi <bi,i: 1, ---,n}, n P:{Pi.'xi: b} o
vP b= Db
i= 1 '
Rice ,
+ \ *
vp = ZL de xa[Jp(x, ) de --dxkfldx?ﬂ---dx%] >,
s J‘P (*) Pi , Pi P .
: i : {x »
Gauss , A= [A1 A9, :
(¢ &"=14 ay{x B" ¢~ NO1], ¢~ N[O, ],
,NJO, ] 0 Gauss . N[O, 03]
0 diag/ 0,%>] Gauss .

P Q7 n Qi . Qi
i, N; = {nli nm}T, llSJ:



1187

n

1 n n
Vo= 240 = = 2L (0 %, % = i o (20)

i= 1 2T i=1
,f(Qi) = fo(x)dx= Z‘P(n)' Q1( Qi) %, ®(*)  Gauss ; Ba(t) n
- 1 Gauss s
1 { 1[ n1 n-1 n1 ]
D Qi) = J. ar— S ;- [2”— ]’ '}d 1--dgn1,
(Qi) o T H- 5 ;:q; j;'.qf ]_;‘.q; q1--dq
. . n—1 .
Ioi( ) Q Q: R
5
1 , B, mo= 27500 kg; EI
= 4.68x 10°N°m?, BA =~ 59.9 m’; d=0.04m, A.= 1.005% 107°
m’, [ = 240m, E=1.6x10"Nem 2, m= 8 69kg'm ', = 52.8;
¢ = 1000 Nesem ' : Vio= 30mes ',
L= 22 a= 0.16 At = 0.125s°
| B
5 1200
, 400 , !
600 s
2 Oy = 150 MPa ?
, . 1
~ 3 Oy= 50 MPa 150MPa 250 MPa ]
. 00
Op , Oo *
1 (09 = 50MPa) 2 (0o = 150 MPa)
x/m 0./m vo/(mes!)  O/(mesl) x/m 0./m v/(mes ) 0/(mes=1)
0.962 0.447 0.0 0.768 0.574 0.282 0.0 0.628
2.34845 0.54999 - 1.49x 1077 0.857 0.489 026005 4.41x10°° 0.58
2.334 0.541 - 7.1x 10 % 0.847 0. 486 0. 260 9.9%x 1077 0. 587
3 ®= 50MPa , 4
° ) 4
Gauss , .
5 Gy= 50MPa 3 vh . ,
, . 6 O

= 250 MPa vh e %



1188

VP
( 3)° ,
.

3 (0= 250 MPa)
x/m o/m  y/(ms')  O/(mes)
0.309 0.159 0.0 0.485
0.2 01654 3.06x10-6  0.4942

0.291  0.163 - 4.5x10°° 0.493

3 (0g= 50MPa)

x/m
1.5 2.0 2.5 3.0 3.5 4.0

0.1
X
& ol RS
' --0-0- BHRIER NN
- kXK
0.001
5 0= 50 MPa o
Ito

1)

0.6 a,/(m*s~ ")

2
a3 Wik
/ \\ -+ Gauss 715
\
/ X
\
/
i 2 3 4
x/m
4 (0p= 50 MPa)
z/m
0 0.2 0.4 0.6 0.8

0.1

lgv} ()

Baman-1:2 2 P
- —ENH

0.01

6 0p= 250 MPa vh



1189

2)

3)

4)

(1]
(2]

(8]
(9]

[10]
[11]
[12]
[13]

[14]

[15]

[ ]

, , . [M]. : , 2000.
Pdl U, N-lle H On fatigue of guyed masts due to wind load[ A] . In: Schuler G I, YAO Fen Eds.
Structural Safety &Reliability [C]. Rotterdam: Balkema, 1994, 1132—1140.
Kahla N Ben. Dynamic analysis of guyed towers[J] . Engng Struct , 1994, 16( 4): 293—301.

, . [J]. ,1993,14(5):2—10.

, , . [J]. , 1998, 26(6): 631—
635.
Yim S C S, Lin H. Unified analysis of complex nonlinear motions via densities| A] . In: Naess A, Krenk
S Eds. Proceedings of the IUTAM Symposium on Advances in Nonlinear Stochastic Mechanics [ C] .
Dordrecht: Kluwer Academic Publishers, 1996, 489—501.
Naess A. Chaos and nonlinear stochastic dynamics[ J] . Probabilistic Eng Mechanics, 2000, 15(1):
37 —47.
, . [J]. ,2002,19(1):34—37.

MA Xing, WANG Zhong gang, DENG Hong_zhou. Theoretical and experimental research on dynamic
behavior of guyed masts under wind load[ J]. Acta Mechanical Solida Sinica ,2004,17(2): 166 —171.
Paola M Di, Ricciardi G, Vasta M. A method for the probabilistic analysis of nonlinear system][J] .
Probabilistic Eng Mechanics, 1995,10(3): 1—10.
Peil U, Noelle H. Guyed masts under wind load[J].J Wind Eng and Industr Aerodyn, 1992, 4:
2129—2140.

, . [M]. : , 1980.

, . [J]. ,2003,20(5): 42 —47.
Liu S C. Solutions of Fokker_Planck equation with applications in nonlinear random vibration[ J] . The
Bell System Technical Journal , 1969, 48: 2031 —2051.

, , , . [M]. : , 1995.



1190

Path Integral Solution of the Nonlinear Dynamic
Behavior of Structure Under Wind Excitation

WANG Zhong gang', CHENG Hua', DENG Hong zhou’
(1. Department of Civil Engineering, Logistical Engineering University,
Chongqing 400041, P . R. China;

2. Department of Building Engineering, Tongji University,

Shanghai 200092, P. R . China)

Abstract: A numerica scheme for the nonlinear behavior of structure under wind exdtation is investi-
gated. With the white noise filter of turbulent wind fluctuations, the nonlinear motion equation of
structures subjected to wind load was modeled as the Ito’ s stochastic differential equation. The state
vector assodated with such a modd is a diffusion process. A continuous linearization strategy in the
time_domain was adopted. Based on the solution series of its stochastic linearization equations, the
formal probabilistic density of the structure response was developed by the path integral technique. It
is shown by the numerical example of a guyed mast that compared with the frequency_domain method
and the time domain nonlinear analysis, the proposed approach is highlighted by high accuracy and
robustness. The influence of the structure non linearity on the dynamic reliability assessment is also

analyzed in the example.

Key words: nonlinear; dynamic response; wind load; path integral solution; white noise; joint sta-
tistical distribution



