5 5 3 #2007 4F9 A
1672-6553/2007/05(3)/271-7

oo s ERF R

JOURNAL OF DYNAMICS AND CONTROL

Vol.5 No.3
Spe. 2007

EREEFHNEZSEHMERBISET RS

BRA  EKIE

Bl sk

(EHERFEEARTERR, LI 100084 )

BE NSWORES RS MIZSM R0, 48 T =B B2 Wi 75 ik , 56 — I Boifl E nl e 07 X 38, 56 — i Bt
il AT BEAR A B0, 35 — B B T REB PR OT RO B M R L. 4 1 T — i T R R AR 22 O 4R 15 F 4 KDL,
FHF 0 5 AT RE 0 DX 38R s SR PR S {0 7 et T RE B0 B0 5 2R FH — PR AE R U3 7 W i P P L
ATE G0 7 i e M D 0], AP 088 e R A S S S Ak Bt e W 2 SR D B UL 4 R0 € A T =it
Pt A IR 2 BB AT . 455K, =B BAR 52 Wik BT 02 W K5 2 R 25 44 (45 5.

KA —prBitnzenk, i,

51

il

ATAFR , RS BEATR B A5 (i B I Py F 7S 52
it 8 BSA [ A A0 2 AR SRR R R O A R, DI
17— R AN THRREA I, K85 2 Al 45
AR RRE R ) RIS BIF RN S /D TSRS
23 (B4 HA 5 S S O A R 2 T[] A T S i R A 4
PR 2R RS LR T 00 2 v L AL
PR RAILE , SRR I 8 22 1) 435 ) i B s 0t 0T i 52
FIHAL. MR I RO N A 2 — 2 is i,
AR R0 LR R B T
PREVFFERIB 2T IR e Bt R 2R B 12
W, DN S B AR SCHR Y T — PR TR SRR 1Y)
=B B2 bs, B SR IE RO fE AR FDI ) E it
A3 DX, % 8 FH 458 4% 7 A0 1) ek 2 7 T RE A £
TG, B R R SR BERE 23 A 4 5 T 5 £
TR BE . AR [ 5K AR 7 7 B 2 o 2 P 7 i
Mo R SRR R o BT 2R AU, T =Rl 3
BRI =B B 2 Wi se il 1 iz .
1 =HrERHmisE %
L1 R RISHEER

W05 | BN BERE A AR AL , H B3SO RAs
) DO 2 R R BT 3 B I 8 19 5 W Sk 3 T o I i A
FEAEXE LA IS 2. o IR 2R X 5 J38 R P8 2
BN T LAAT LA AL RS 25000 B (LA I A5

2006-12-30 Y45 1 F5,2007-03-13 U F & e i.

il f

RGP, KBS [RINAEHY

T
F=3Ltee (1)
=1w?

Ko, HEHEHS @ B, o, A5 @ Bl siAk B
IH—AEIRAY, m S REESEL

PR G AR R B 0 30 o Fy A F, D
PR3 5 A5 R B R AR AR

AF=F,-F, (2)

WAkl oy A DR, A DA Ry — A F
GG A XN B A, 2% T4l A S B R
KAk 8 B FDI(Flexibility Difference Index )/

=

m S
Fpr=L§45% (3)

mi=1 S,
o AS, LS, BN RE AF FLF, 5 AN 5
{5, m RAEF A A EL AS, F0S, AT B A7 5
[ERy G

AS. 0 )
AFz[AU][O OFAV] (4a)

S, O
F=m[0 O]MT (4b)

Aoy XIS FDIL R, W2 X kA 45 10 Y AT RE A
HER.
12 #HpEMLmEE

i 1% & 7 7] & ( Damage Locating Vectors,
DLVs) A TR G 2R BRI 22 AF A9 AR 22 fiff 14]
i, DLVs B AT HE i m 1L, B DLVs A5 S 4

# JUaUTH A AR EE S T A BT IUH (8041002) [H 52 A AR BLA 2 R E R (X)) A VEUFZEITH (50420120133)



272 B N % 5 B M

¥

2007 4F55 5 &

TP BN FH T S M I, 5405 B 00 B g e & 0
DLVs ] iy AF Zp SE A 2, 06 22 B A0

AS,;

max (AS;) =P (5)
Ly,

max ( ;) =P (56)

MIAE (4a) o AV, R0 7 1) . 2K (5) by,
T F v T L
PREMAE— B0 5N ) ¥ sk i, B AR R e
TER J) o FAEFITCF- N I, FRAER ) Rbr i, 1E
Lb T ER IO AR R B (BRALAR B N AR fig ). kit
PEIGOUT , 45 21 23 AT BT B RRE . 728
N My, + M. + MM, M, +M, + M, M,
o et aa v s O
Ao, AL 300 R B OCHR I T AR AN S A R, VM
A3 Rl RV T AR 2.3 4 A O A A 32
BT, IR O g 430 R AT ER IR A i RN 2 .
SR IE WAL B RURRE I 1 R AE Z2 A 45455 78
I A R BATTERAE Y Sy 81 4 BT IE I

16 B BVRHE N J1 2R
~ (Tj
O'j:ml?x(a_k) (70)
. e o
Lzlmlax(o'ij)

st ndlo G E B N, o, BT DLV S
T TR ) o, K BT RRUEE R J. 4
= q, WIHESS j ¥IEH 0T RS T, g R
ST B (.
1.3 S ERSES R

SV BT A5 05 BV S T3 0 T 0
B2 H BT | 30T H R MR K S B, 5 4 B4
I AR T 3 1o 168 1F A B TE R o ) e 5
A PRITHH RS 2505 SO 2 0 ) e
AN, DA BRTTR AR T 18 I LS55 T
F. KRGS T T 2 1 g A 28 P 5/ — T A 0, 2
E24E 0,0 AR EGE L™

J(0) = | Woe(0) |2 =2(0) " We(0)  (8)
e W R o (0) KA IRITH RIS 255 5
A SR, 25 b PSSR &, (0)7 3N
4(0)] [MW)‘}‘A-]

Sk(e) =
:(0)

(9)

¢A(0> _¢k

S A A ARSI K R S A R T

(B, by by A3 b TR IS A 0 — R
HLABE 0 FUS I W E AR I K S 5 I
W M, T HESE 3] £, (0) il £, (0) XHEIE S 4t 60 1
T R -
del _ON, ;oK

—=——=¢, — 10
20, = 09, =P 9. (10a)
382. ad)k . d)s T 0K
— = — = ——p. — 106
a0, a0, s=1,s%#k Ay — A, ' agid)k ( )
6284 ~ aZAk ~ n 2 y
30l(90] B 60169/ - s=1,s#k (Ak _As)
r 0K r 0K r K
= —d, ] . (10
(¢, aej(bk)(qbs E)Hi(m) + ¢, 801-89]-(151” (10¢)
a’e) _ 3, _ 5 S 47 x
80i80j 601601 s=l,s#k/\/f - A,
(K 9 K 869N, 06, oA, 00,
a0, 06, 96, a0, 90, 00, 90, 090,
9K Iy Iy
) - M —— 10d
aeiaej‘b") i 90, aei) (104)
¥ £(6) —Fr Taylor J& I, 15
e=¢g,+S,P, +%S2P2 (11a)
e=(& e, eh,en) (11b)
Plz(AalaAeza"',Aer)T (Ilc)

P, =((46,)° 20,09, A6,00, (A6, )" ,+++,(46,)")" (11d)

20, 00, 0,
20, 90, a0,
S, =| A (11e)
a0, 90, a0,
L 00, a0, 00, |
80? 06,06, 96,00, 302 ('963
Fs e de ds i
06 90,00, 96,00, 06 06"
S, =| P S (11/)
ae, e, o€, dd, €,
g 90,00, 90,00, 98 o
azsf,, c')zaf,, azaf,, azsf,, 828;,
| 08 96,00, 90,00, oF° o0 |




553 3]

LRIR AT - [E SR T 2 S A5 A R 512 WLl 2 B 273

2, e, A B TET RS 2505 SO 2 8
PRI S, .S, 40 31k — A — B4 1 6k
REERE  m WA, r WIS IE SR, A, = 60, -
0 MK (8) T Wy

1 1
J(A6) = | WT(80+S1P|+?SZP2 ||§ (12)

A (12) R A TE #UR Y Newton — Gauss J5 ik
Kef Aoy P LR 0, = 0, + A6, ST £
AR, AT DA (12) SKRAFHY 0 3810 (9) iR
2 ERUEHNEZLEBMERGICEHE
P AT
2.1 ERUAEBEHNEZLEEEE
EREE T 2008 AL iz E IR E 7, H

B A R R s [ 2 A ST T SR A [T, A<
332.3m, J57%H 296. 4m, THU 7 Ay B [e [52] SIAA B 1) #5 TE
BT, 5 e A, e 68. Sm, BRI A e 40. 1, J2 2
FAM 1 185, 3m , 55 127. Sm' ™ IR 355 E45
P FIR E5 48] , EA5HE I TR M T AR AL 8, T AR
TR R 1 PR SETOR AR A i 24 ARMTARAE SOK,
W TR, HIZRFERUGE A P1 ~ P24 MR 523 26

i, G 22 A AT AR L B al R T 3 (L
I eGSR W S AEARIC, W0 T1 -9 FoRA: 1
SO SCHEGE) 4 KT AR GEAEER G B T (2
4394 TTA [ TTB ' TI9A F1 T19B). YR 2544 43 A5 T Tt
R IATTIRSE 27 AR T EEN R A R

P15

P21 1
P20 prg P18

BT ERAE SR o R85 8 R 2

Hg. 1 Plan of main structure of steel roof of National Stadiumd

2 EZREEHNE G
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D > Number of  Mode
amage Potentially damaged elements .um E_}r ° oces a(%)
pattern iteration  selected
Pattern 1 Element 1 in column P8 4 Mode 3 15.1
Element 5 in column P3 15.7
Pattern 2 5 Mode 3
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SIMULATION ANALYSIS OF SEISMIC DAMAGE DIAGNOSIS ON
THE STEEL ROOF STRUCTURE OF NATIONAL STADIUM *

Ji Xiaodong Qian Jiaru Zhou Yibin
( Department of Civil Engineering, Tsinghua University ,Beijing 100084 , China)

Abstract  In order to diagnose the damage of long-span spatial steel structures, a three — stage damage diagno-
sis approach was proposed. In three stages, the potentially damaged regions, potentially damaged elements, and
damage severity were successively determined. A flexibility-matrix-based damage index FDI (flexibility difference
index) was developed to determine damage regions, the damage locating vectors method was utilized to locate
damaged elements, and the second-order eigensensitivity analysis was employed to estimate the damage severity.
Then according to the results of elasto-plastic time history analyses of the steel roof structure of National Stadium,
three damage patterns were simulated. Furthermore, numerical simulated analyses of damage diagnosis of the
steel roof structure of National Stadium was carried out. The result showed that the three-stage damage diagnosis

approach could effectively diagnose the seismic damage of long-span spatial structures.

Key words three-stage damage diagnosis method, damage index, damage locating vectors, sensitivity a-

nalysis, long-span spatial steel structure
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