CHELEC I A W oE T B ¥ i Vol. 38 No.1
2016 4 2 H CHINA EARTHQUAKE ENGINEERING JOURNAL Feb., 2016

ETFRMBERNEUEINRNES
CIEYE% i

FMHE, T OF, FE?

(L= K2 KR SR B 2B 1AL BB 4430025 2. =K% HAR S ES 2. WL B8 443002)
HE. AT E ST Clough—Penzien I F L ah R AR K EED HAR B4 E L4
PR EHIRGE LS FE, REXRBIAFTH(EARER T RFLEFREED LS
B AKENTFRL, RRAEFRAMATREENGERT- ST &, 2 R ERLE MR ELIT
A E s REABHAES, BIREAMHRAESG N RITAZ R E R B S B AR 4
VoI IRIEAR L T R0 A M, RE LSBT E R kAT BIALAS A A AR AR e
R AL B B 5 AT 5 B T S R A
X EF; 2T MEFTERLT H; M MR E; TEE
hESES: 0324;TU31L3 MEAR SR A XEHS: 1000—0844(2016)01—0109—07
DO1:10.3969/].issn.1000—0844.2016.04.0109

Stochastic Responses and Reliability Analysis of Structures
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Abstract: This paper proposes a new probability model for the fully nonstationary ground motion
acceleration process, and provides a kind of seismic input for structures for use in seismic re-
search. First, based on the Clough-Penzien power spectrum of the stationary ground motion
process, we establish the evolutionary power spectrum of the fully nonstationary ground motion
process. Most importantly, the evolutionary power spectrum considers not only the nonstationary
intensity, but also the nonstationary frequency. Then, based on the seismic design building code
(in China), we identify these parameters in the evolutionary power spectrum model for different
site conditions. Meanwhile, we applied the spectral representation-random functions method to
generate an ensemble of 152 representative samples, and assigned each representative sample a
given probability. This method uses a few basic random variables to express the original seismic
ground motion process. Next, we obtain second— order statistics and the seismic response spec-
trum of the representative sample ensemble, and compare them with the target values. The re-
sults show that the general characteristics of all 152 representative samples coincide well with the
target values. In this study, to verify the superiority and effectiveness of the proposed method,

we used ANASYS software to conduct a dynamic time-history analysis of a concrete framework.
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Finally, by combining the recent probability density evolution method with the control criteria for

the displacement angle, we performed a stochastic dynamic response analysis and reliability calcu-

lation for the concrete framework.

Key words: ground motion; fully nonstationary; probability density evolution method; structure;

stochastic response; reliability

0 3|8

7% M TH iz B BA AR R i BEALYE . B AT TR T
e Tz A Y R B AR K 2 R R R
R St B L N BB B e Hb 52 B 10 A0 R R T R R
Q] A BT SR R R % A S AR %) b 52 gl ek
TR, — R M AR Bl BE AL B B S ) R A
H AL 0L 5t B AR A SRR B Y E B Ak R
7~ /NI 53 8 Hilbert-Huang 728 4t #1 Wigner-Ville
Sy A AF . AR % 2R R 7 ik b, Shinozuka 48 R =
RS 7 Ty A AR DL IR P B R Bl i B s Li-
ang S REE AR RE RS T T AR PR M R shad AR
B — A1 R R 7 1 5 TR AR AR D JL T Priestley
AR A B LG B bR U I A R R R R
SRR R B B R A R AR Ik SRR RIS Y
B VR AR TER R, DESPHET — R
B T il 45 T8 1 /N U o B DA I 3 B XA 5
SR AR A AT B R L (RN B R R K
231 IAF 5 A BE B O PR X DLXHE S VR RS A Y
B4R 40 A . Hilbert-Huang 28 ) # 57 78 2 B 51 25
J3fif A Hilbert 3% 23 87 SE il b, HAT 1 b 09 4 PR
S AH I v e BCHE K BRL N WK R Dk, Wigner-
Ville 43475 38 it 5% B 1% R 6% K 1 7% 20 1) AE &2 4 A
FORTERR G BB B h 47 N TR S A& L A
o 32 HE 0 B B 2 28 ST A TR AT S S 0 B N
TR RE I . Al & B0 A R0 M 348 5 B R 6 42 R
AR MR B A OF AR R R R A G Y A B O
o RE B BE AL R L 2 B B TR R AL 2 1 2= 5 ) —
SO (B e

A SCHL R FH ARSI 42 0 0 8 BOo i AL R 1 A0
il R g5 A PR R st 2 1Y Clough-Penzien
Ty B AR g ST 5 R A 3R 4 3R 7 A 7R B i
TR ) Y AR Ty R R AT, I AR 4 3R [ BAT I CRE B HUE
PG ) (GB50011-2010) 107, 3 17 jii A8 T K 3% 45
AR S EOR W5 5 [A] B SR T SCRR (11 ] 9E 7 A2 b 72
Bl ad BB 1% F R -BE AL R BT VR L AR R S A
PUR BT T MR A AR PERE A B 5 5 B 5
FZ D7 A AR T FE AR R 6 45 5 Bl IR
B BT AL IR R AT — AN HE SR 25 K BE B R

o7 S 51 3 A 5 05 T S BE TR
1 FFREIEMERT-HEIEHTE

MG K& R R IC RGeS %
PR 52 2 2 {9 AR SF A2 0 7 sl i R G RO X,
() o AR~ £ 4 52 2l o 2 o R A 0 33 e m

N
X, ()~ D) ./25¢, (trw)hw -
r=1

[cos(wkt)Xk —+ sin(wkt)Yk}

Kl 0 =kAw s Aw N B TR DK N O #0
TR S, (s XU Y A8 ) 38 5% 25 B8 o1 580, il
B Sy, (t,w)=Sx,(t,0)=0 K FKM.

ERDOF.X, 5Y, (k=1,2,,N) HtrifEIE
SEREPLAL 5 R

E[X,]=E[Y,]=0, E[X,Y,]=0,
E[X,X,J=E[Y,Y.]=0, (2)

K E[ « ] #aREEME;6, F Kronecker-delta
w5,

D B TR N i 51 8 35 5 F X iR 22
H
J:‘DJTSXg (¢t w)dtdw

Ao, =NAw g #BUBOA T S M52 i 72 19 5
ZLINH]

XT3 C2) fr s I bR EE SZBEALZ B (X L Y, )
(B=1,2,- N), Al #4340 T W BEHL R E R IR B .
BATE P A br i IE RN &= X, 5 Y, 451
PN AHE IS AR Z & 0, 5 0, 1K,
R BE L pR L

X, =cos(nB;) + sin(n®,) ,
Y, =cos(n®,) + sin(n®,) ,(n =1,2,+++,N)
1)
Hor A E S B AL & 0,81 0, FEX A0,
2n ] LS Ar A . A G Bk . 2 () JIT R 3 0 A o G E
ZREHLAE R (X, .Y, (n=1.2, N LR (2) Y
aAF .

.
J ng (¢ ,w)dtdw

0

e(N)=1— 3



438 % 1l

SRR LA 4 A R M TR AR 5 K WL I8 5 T B AT 11

30 (0 A BB AR U IE S BEALAE B (X, LY, ) (n
=1,2,, NDJ& . AR I8 SCHR L 14 09 77 25 8 A o 1
LR R (X, Y, ) (n=1,2, -, N) % & Pk
5580 2 A ol 30 (1D T 1 A v TE 2E REALAS B { X,
Y, (B=1.2,,N),

2 FFRMEFHMBERNET

2.1 EETIHERE

T Fo b 7R B B AL ok AR AR AR v, 4 IR0 D
BT M AR 2RV X b RR B A R B S e, B
A R ) PR S, J2 H AT Hb AR TR R N R 12
() Hh 752 Bl B AILASE Y . SR 4 1 0 ikt 2 KT b R Hh
132 20 AR 5 &, A B S W Bk 5 b 78 50 1% 000 3% Ay
PE o [R) 7 20 A A J A B R R A S R A
R VR 22 E X G R IS AT T . AR SCGEH]
Clough il Penzien # H} it XUt 38 F M s 455 0000, HL
Ty 5 5% B pR N
wy + 46 0iw?
Sle) = (w0 —w?)’ +4€win’ )

4
w

(0 —wi)’ +4&iwio’
K& A0 B i B 2 i s 5 AR B R
o, SCHRC16 J U o =0.1w, . & =&, 50, &, 431
hy 1 2 1 1 R R TR AL L — B 0, T o,
=2n/T, TF8 H o T, G A RREJE 0], &, FTR
FASCHRL16 JEE I A BUE 5 Sy SR % 58 B IR 1 S it b
2 Bl s g AR, )RR

2

S, = % mox (6)

v [ @5'+25j}

Ho s . N BE AL HRE B 06 B0 B (PG A B BI{H 5
SRy AR T, U 5 S B 5 1 S R 4L
BHRME.

XA 4R PR RS Sl Bl AL AR A, R AR
L% L E Mb AR B B R R AR M R B ) & AR AR AL
SRS b Bl A R 0 AR TR — T R R

Sx, (1) =A"(t.w) + S(w) <)
Horr S (w) 2 V- F0 M 5% 22k B2 1) Dy 238 3% 5% 5 ok 4,
W) PR s A (aw) R AR ST I ] oR 5L, AR SCHE L
ARG I 5 H A 8 s el AR A 48 50 A o R AT
Alts0) =U(tw) » g(1) —e Maig (1) (8)
KU o) HIEECE WA H R 0, M2, R
TH o e 53500 JC & A0 T 51 A B8R 5 R ] S
B JE b AT DR 88 A SCHW 0, = w, .0, = T M

Sy (5

T i Bk B RS ]

AR SCRR T8 T T A1 7o B8 A i 91 80 0 Aok 5 Dok e
P2 9o =0, B0 U (zhw) =1, 98 i 58 Bt 1B 1L 1
SJVEHIE L. I DR g ARAEJEA BTN 1 8% U (s
o) FRAE R 6 K, T g o FRAE TR R pR L, 98 U
(o) L — SE IR R AR T . 98 1 R B g (o) sl ik
B

g@)—[zemﬂlt)}d (9
For e Dy Rt BIL M 7 200 B0 sk B2 1 B A) R B0 1] 5
d SV A (o) JEAR B S

A8 b R AR P AR M R Bl i A Y 38 A R A
HHERGURBOT A — B ECRRPUR BT
) (GB50011-2010) " rh AL 25 i 37 30 2 331 g 111 2%
BT > 4O S A R AR FE 0 O T, =0.55 s,
SERIABELJE LD 0,05, BRg B B 20 O VLB, 503t 25
A Hb RN Ry 0.2 o 7N RV b 5% 2y g A Jon 3 2 3 (.
A =196 cm/s” o XF T b A 4 AR P B M 52 2 g
T A 3878 T AR A S HORE Nk 1 PR .

x1 EEDEXEERISHY
Table 1 Parameters of the evolutionary power
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Fig.1 Evolutionary power spectral density function
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Fig.2 Generated representative sample function of

nonstationary ground motion acceleration process
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