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APPLICATION OF RANDOM IMPERFECTION MODE METHOD IN
STABILITY CALCULATION OF SUSPEN-DOME
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Abstract: Initial geometrical imperfections affect the stability of a suspending-dome obviously. To apply the
proper initial geometrical imperfections to a suspen-dome through a random imperfection mode method during
calculating structural stability is the main purpose of this paper. Firstly, the overall stability of a rib type 2
suspen-dome, considering different initial geometrical imperfections, was analysed through the consistent
imperfection mode method. Then, how to select the variance value in the random imperfection mode method was
discussed, and at the same time, the overall stability of the rib 2 type suspen-dome considering 210 types of initial
geometrical imperfections were analysed through the random imperfection mode method, the magnitude of the
imperfection considered is all 1/300 span. Results show that the structural stability is sensitive to initial
geometrical imperfections, the stability factor considering initial geometrical imperfections is about fifty percent
of perfect structure. When the consistent imperfection mode method is selected during calculating structural
stability, the structural stability is probable to estimate by some times of calculations considering different initial
geometrical imperfection distributions. Thus it is proposed that the random imperfection mode method could be
adopted to calculate structural stability according to the initial geometrical imperfections when the structure has a
large span and a complicated form.
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Table 3  Stability factor under random initial geometry

imperfections

e A

4.8 43 3.4 3.8 4.8 4.6
52 53 5.4 4.7 4.6 4.8
4.2 4.5 4.3 43 4.6 4.8
4.7 4.8 4.3 39 4.5 4.2
39 4.6 4.5 43 53 4.1
4.5 4.8 4.2 4.7 53 4.5
4.0 5.0 4.9 4.4 5.0 4.1
4.9 4.0 39 4.9 4.0 43
5.1 4.8 4.8 4.0 4.1 5.1
35 3.7 4.9 4.6 5.5 5.0
5.4 4.8 4.7 4.8 43 4.5
43 43 4.6 4.8 4.5 5.4
43 39 4.5 4.2 3.8 53
4.6 43 5.3 4.1 5.1 5.0
4.2 4.7 5.3 4.6 4.8 4.9
5.1 4.6 4.8 3.8 3.7 3.7
52 39 5.1 4.4 4.5 4.0
4.5 4.9 4.9 52 5.0 4.5
5.4 43 4.5 3.7 5.1 4.6
53 4.1 52 4.7 4.8 4.8
5.0 4.7 5.1 4.5 4.0 4.7

5.5
43
4.5
3.8
5.1
4.8
3.8
5.0
4.6
3.8
4.9
43
4.1
4.7
39
4.9
4.9
43
4.7
4.7
5.0

4.9
3.8
4.4
4.2
4.2
4.0
4.8
4.8
3.8
3.7
3.7
5.0
4.8
4.3
4.5
3.7
5.1
4.6
4.6
4.7
4.8

4.8
4.1
4.7
3.5
39
3.8
4.0
5.1
4.4
4.5
4.0
4.9
5.1
53
52
4.7
4.9
4.8
4.7
4.0
4.6

4.6
4.5
4.4
43
3.7
4.7
4.6
4.9
52
5.0
4.5
43
4.2
4.6
5.1
4.5
4.0
4.7
5.0
4.5
4.8

NG IEWIIR LT GG Po=8.6; ft/ME: P,=3.4; fRAAH: P,=55;

THMHE: P, =4.56; FEABRHEZE M T A TH $=0.466577

HP 4 TDAE AT Sl e o i) — 4
SHARFRIALE, BILSERN E 2 2 R E A
G .

HIZ 3 ATLLE Y, BT v gs R s MiE ok
3.4, NAEEVIIRGBELAT S5 RIN 39.5%.
R RBIBRAE A 5.5, AR B 54k
RI¥ 63.95% HAEIME K AT T T H 25 R
(K] 53.02% . JX W Ui B 1 S5 KRR JLART h BE 65 A A
I8, RN IS BE 1/300 FIAIEE LA B I 5 454
(¥ 5 52 TR BUR AT B4 JUAT BB 410 T ik &
HBEA 50% /547

1 95%IFRIE RIS P, = P, ~1.6455-4.33, F
F ER 545 SO0 — Sk f B - SR 2 1 8 A
FERB 5.1, 3.4, 200 3.4, 29, 46, 44 527
BATMER P SERE 0T, S5 R ILER 4.

x4 BREFUMOBRATEE
Table 4 Probability confidence level of each stability factor

B ERES EVES ERES EEES

T R 5.1 3.4 2 3.4
HER AT 5EFE/(%) 12.36 98.85 99.99 98.85
EES ERES EXES ENES ERES

Fa R 2.9 4.6 4.4 2.7
M2 ] 58 P/ (%) 99.99 46.5 63.42 99.99

HH 4 7] LUE O T AREh R ki, Al HT i i
RS HAS R ILAI UG LA Sk B R e AR o AR, F)
FH— S0k P RIS V2R H 45 0 S AR o J B S 1 A
SERIWIAG JLART S B o0 A BB J5 TF B LR R SR AR e
R HRER 0 FEE N 12.36%, Wit i ke i1
Uy P Al e o SR SN 7ot 58 I
Py DL S5 K B s xR e it ASE 2454 DAy JE A s ik B 1
MRS G E AR R T EE N
99.99%, HA% ik 210 PPk 45 b 18 e MBS AR
XU I — Sk A S TE T, R S5 R S AR
X S IS AR A 5 ) IR A0 4y L ART 58 B 23 AT B
i, TR AR AR RO DA A ] SEHLPEAS
ghpyfise e, (HES M EIAEE R B T RE

— BB B AR A Ay S R — R SR A s SR
G AT B/ IME, IR HB BRI A T
KR E R EIL R, N TR, HEBAE
(R Ra R, SR A — Sk ARV E I 4f T LA
RIS, 146 JUART BB R 23 A0 55 /NS RG EAT 23 Afont
Lb, A REMLEI T e A 2, R St 8.
2K FH B LT B AR AR V2 AT 4T 4 BB 1) 25 FE
THERERO, AREFE IS INAF & LBt ot. B



T’

7

2 183

CAH ATAEH T g i RROE B, o S B, Rl et
HRESTHIIIAR I ae e, AETHRO I ER, BERE
i 2 PP AL SR O RE VERE,  SREMBIANIR 944
B A7 b G e v i sl v AN AT A A
A, ARG AT IR I, bR s
o Jt R AR AR AR R, o WD A8 5 A A 5
RS E PERE -

4 it

(1) SESCE TS R L 1 7 R T 45 h ) e AR Y
Jixt RS A D W4 T LART SR e o AR A i SR A 454
MIRE P AR B A e T A FIE.

() Y, LS L L
90 7 1R A0 ek e B R D 65 A i AR FRD S5 X 0 Je i A6
AR AT SR AR et b B 25 v 3 P 45 R RSO PR R
AL

(3) SRR E TR RE XS A0 4 L AT ik e 4 O i
&, HIER/NAEEE 1/300 HT4 JUAT B J5 45
IRSRE R BN 5 35 S5 R REUE R 50% /i Ay

(4) S5 KR (R A e S o Tt o A 24 2 3 s 5 g B o
AR EBE R, BrEUR ATV R R B LB S
TN RO . SR 2% (2 IR G R A TR
Gy HT R e A A B PP A FOAR e M RE

SE K-

[1] Kawaguchi M, Abe M, Tatemichi I. Design, test and
realization of ‘suspend-dome’ system [J]. Journal of
IASS, 1999, 40(131): 179—192.

(2]  WREERS, #AME, HAT K SKSCE AT RES

I K% 92 A3 M 7 (0], R AR AR, 2009,
41(12): 1—17.
Guo Jiamin, Dong Shilin, Yuan Xingfei. Morphological
analysis of suspend-dome structures and its practical
analysis method [J]. China Civil Engineering Journal,
2009, 41(12): 1—7. (in Chinese)

[3] BR&ME, Z5PH, BT, WO B2 S T[], LA
TFR2ER, 2005, 38(5): 34—40
Chen Zhihua, Li Yang, Kang Wenjiang. Analysis of
lamella China  Civil

suspendome  systems [J].

Engineering Journal, 2005, 38(5): 34 —40. (in Chinese)
JRIFZAR, TRIGEIE, 3558 2008 Bz 5P BIRTHIK L
W 5 G5 AL B AAREE 70 B h TR S B TR S M T 9 ], 22
I 4544, 2006, 12(4): 8—12.

Zhang Ailin, Zhang Xiaofeng, Ge Jiaqi. The research
about influence of initial geometrical imperfection in
badminton arena for 2008 Olympic games suspend dome
stability analysis [J]. Spatial Structures, 2006, 12(4): 8 —
12. (in Chinese)

TR, BRI, Mg gtz M), dbat: BE R
#t, 1999.

Shen Shizhao, Chen Xin. Stability of lattice shell
structures [M]. Beijing: Science Press of China, 1999. (in
Chinese)

e T, WS R BB PR B 5 TR R P U
TN, W24 (D22 R), 2005, 39(11): 1685—
1689.

Gao Boqing, Xie Zhongliang. Sensitivity analysis of
cables to Geiger dome structure [J]. Journal of Zhejiang
University (Engineering Science), 2005, 39(11): 1685—
1689. (in Chinese)

PR, MR, AT 4. 5SS R S i 2 BT
(=0): Ju i B 2 BRERTTVA[D). B 4544, 2006, 12(3):
11—17.

Yang Lianping, Lin Zhibin, Qian Ruojun. Buckling
analysis of reticulated shells-tracing methods to buckling
path [J]. Spatial Structures, 2006, 12(3): 11—17. (in
Chinese)

% BT AR SR AR R IR RS E 2 M 7T [D]. re
H AREERE, 1999

Ma Jun. Theoretical and experimental study on the
non-linear stability of the sheet-space structure system
with imperfection [D]. Nanjing: Southeast University,
1999. (in Chinese)

IR, WU, WAL RIS LSS M]. et
AR HCE HEAE, 2001.

Sheng Zhou, Xie Shigian, Pan Chengyi. Probability
theory and mathematical statistics [M]. Beijing: Higher
Education Press, 2001. (in Chinese)

Low Sui Pheng, Mok Sze Hui. Implementing and
Journal of
2004,

applying six sigma in construction [J].
Construction Engineering and Management,
130(4): 482—489.



