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Advances on wind-induced dynamic disaster of tensioned membrane structures
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Abstract; To clarify the wind-induced dynamic disaster mechanism of membrane structure, this paper analyzed the
research progress of field test, aero-elastic model wind tunnel test and numerical simulation method of Fluid-
Structure Interaction ( FSI) problems, and discussed the latest research results on the additional aerodynamic force
and aero-elastic instability mechanism of membrane structure. It was shown that by the limitation of field test
equipment, similar theory of aero-elastic model and FSI simulation method, the research on the observation and
simulation of practical membrane structure was still relatively few. As for the aero-elastic instability mechanism of
membrane structure, it was believed that the aero-elastic instability of membrane structures was related to the
vortices formed near the membrane surface, which was manifested as a significant attenuation of the total damping of
the structure. However, the research results were based on the vibration phenomena observation of the simple
membrane structure in the approximate uniform flow field, which was quite different from the actual project. The
following aspects are suggested for researches: similarity analysis method and error correction technique of similarity
theory of aero-elastic model wind tunnel test; key technology of numerical simulation of FSI problem of large-scale
membrane structure ; research on the aero-elastic instability mechanism of membrane structure that based on various
research means including field test, aero-elastic model wind tunnel test, numerical simulation method, analytical
theory, and so on; the wind-resistant design method of membrane structure, which is acceptable for designers to
consider the FSI effect.

Keywords: tensioned membrane structures; wind-induced dynamic disaster; fluid-structure interaction; aero-

elastic effects

SR SR g LG B £ 1 TR 1 B e 25
%7307 R ARRAE B N AMS BT 2 0 5 SR T R4
FEJ A SRR AR ol FL A 32 IRV i g 1 B 9 4
el — 1 R OC I A R I B S T

s HHE: 2016-06-28

E€WA: HXKARPIAES TR E AW H (91215302) 5
MK A ARPEEE 4 (51578186)

EERA: X FHO1972—) B iz, LR

BIS1EE . MRIBIK, chenzhq2004@ 163.com

AE BN, TR RS RS DR A R IR R 3 | 5E4s
P TR DS 28 9 e 1 AR AR A XS KA )
X AT ) e A P B T RR T 9 v (AR K ) TR
S5 AR T BB S5 R e R 11 PR HL v A (R
M P 5 A PRI 45 A DR MR i 30 2 e 35 M e 2 22119
(YIS R S o DN E e P R A 1D S TR E A $ 2
FERRAL L BRI BRI 7 4 R B RN 1) B 1 2 IR 3l
i 2 S B T R 2R B 57 0405 5 TR TR A B



-2 /S =S B A N S ¢

5 49 %

P dom B IL T TR B GEE A BUbLE
L/8~1/7) Ak, — H RS H B0/ N g, B 255
AR THTAR A4 AL IR

ARG T 3 AT A BRGS0 T T A B 5 1
DN S5 ABEH0L I A 5 i S AL B 5 T ) F 5 e
X} A IR 7T 8 T 2R LAY Ry 4 I o 48 A g IR 43
BRIt S

1 25 A T A 6 3 A W G AR

FEE 238 ) A 5 XA T 23 77 A2 K i 9 A8 T R iR
By, PP AR YRR Bl iz 3k >fe S 2 52 i 21 H 3% 1 14 XL
FEo i, T8 BT 1 9 < T R A 00 7 e 4%
PEF X FhAH ELAE R 2 I i 32 00 43 25 FURE i o 7%
FELLEAE DR IR I i) i it K TR Sl A B FirRE Y
i, BT Ay« B Aa .

S B S5 (0t RS S DL AR BRI b
2 TR X RPN 00N P S, S T S 00T R G 4 U
R A B G LI sl 40 [ A 3 B 1 B S
ARSI XU TR0 R R B B A 3 A ik X
JES 25 A6 1) 3 P R A B R A ) 5 4.
1.1 LA *®

SN 5 AN P B AR A AL L ) R, P g
o7 235 SR A LS i i S B 5 4 1) U R A5 50z, G
SEWER T T E A A MU ST AN, W R T
UE CFD BUEA LAY 1E ff 1.

Michalski 25" (2011) X —/~1 19 m, #5 9
29 m PSR IE BREAE R HEAT T I S | B S AR A5
DR S AT TR T 27 A 2R A I R 5 4K
EABEHDL , 38 A Bl S 25 R 5 A & SR B0 T 0
By v B IE A 3 23 Kim 25170 (2011) X i
L 55 M 5 ThE SRR A B 7 RS 235 4 ) I sk 8 i O 464 T
4 AERWEIN , HL a1 2895 T 45 K0 Nabi (2005. 09. 05) Al
Shanshan (2006. 09. 17) .57 & B 58 XAEFH T, i
SEFR )AL I SRR R T 5%, S BH 2
Fb Bt 5 B W A 38 i 3 K T 2 A5 22 AT, (R AR I 21 <
PRARELA. H N E R RS (2012) £ X — Ik
5 XU T e A R s 4 S Ak B XU 58 R 5 4
FT XA R AT T 520 98 6 B . SEPRZ5 4
A i i B Al 8 K, U BT b 2 ) 25 L
BEAILYE ; -2 XU 2R 5000 S A /N XU U
IR —

ST A BRI E A A H B AT L,
BT X RS ZE A S R TR R AT B SIS AT L 358 /0 3 A
R 1) S R A R A R R 2~ 3 a,
WD AR 57 52) S0 5 5 0 A2 JERe it B B XU 1 g
ZORE S, BRTREH T & A B IRZ

3) S A e A AT 5 N T 38 AR 4 ok g A 1
AT 5 14 1) T T 5 L.
1.2 SHERK A

AR TR G A s R 23 R R R A e B
SRR i A 800 T B AR 9T TAE E 2 4G
AR B BF 58 AR AL IR B 9T

ey PR RT3 A5 % e 10 i A LS Y
W JiE AU S5 RAE A SR RV T A4 o 1, VAR ABL 23 1)
RO, R BRSBTS D 14— > FE R ) R
BRAREAELS(2014) L 1/5 1710 F1 1720 46 R EC Y
SRR A3 A T AT 2 57 AL B L | SR
TR X T TR RS 485 4 IXUE BTy 7 e 107 () 52 i), 445
TR AR B0 2 B0 B S BU(E 4 i T R B I R
(2015) ¥R T ¥ T8 gk $ir 5 45 4 A< 5 A Y 3K 56
(1) B AU EO 40 RBERL RS MBS 50
FERIFR SRR, HETOC T R4 A8 <o AsE AU 50 A
IS R A L.

g ‘
1 BRKREERSSERTe
Fig.1 Aero-elastic model of saddle shape membrane structure
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Tab.1  Statistics of materials used for aero—elastic models of

membrane structures

Fisf i) SCik R JiAA
2003 SCHR[ 17] LB HERE R RA
2005 SCHik[ 18] KOS I SO Rubber sheet
2006 SCHR[ 19] IS ) ) L&
2007 CHR[23] FRARES TR R ESl
2008 k[ 21] LR IEL5 i I 44
2009 k[ 24) R L5 Rubber sheet
2011 SCHR[20] TR EA BEEEH ARH 502
2015 K[ 16] L/SIZIS TN FLEE R

RERSH th AR I WE S5 T, A T —E 1Y)
JRCR ; AERERY R 6, TR S o AR ABL 2 P, X 4
W 57 4 LA R R BE AT T 0 ) A 2 AR D) B

W TR S, 320 B T0E X5 4544 SE PR T2
A FRBIALAI) tL R D, A BB S M H A
/BT R 2[R AR B S Y BR 1, LA AR A A i
Y DR AR 8 KUAar 2R F T 04 A3 7 Ay == 22 0
T G2 B SR Y 00 A T — 2 SR, (EAT R 4D
UG AR B2 K6 1 38 [ RE 5 AT LB R A R L
1.3 RESESHEEL A X

T R A B E AU i CFD I8 ik
274 K, CSD ( Computational Structural Dynamics) i1
LS 1R DL e s G £ AR MRS A, e TR L
P IR S A 5 R TR B R S e AR U AR
BB 0L J7 7 ¥ 5K A 5 W 43 hy SRS 5 0k 0 55 R
%%[26] .
1.3.1 Gk

SRR A 13 o X A R L S R O AR R A AR
PRIV A TR ST, 9K J5 A [a] — Ik ) 25 P %6 i A5 7%
HEAT TR SR A P58 vk A SR R R v (ER X
BRI TH T LA A S 43 (0K AN R 2 1Y)

Hubner 25771 (2002) 2% 5040 & 0P 58 1T 4k
FES 235 ) B I [ R 5 TR A, 13 5 SR Sk s e, (LA
AIRFFE AT I AT R | R MR AT 1 A R [ N 2
BINTFHAEDY (2011) FE TR A, B Oh S A Y
5 | S M358 oo Sk b BEAR T 1) 1, SEBL T 4 U
Jo2 T RS 235 ) A4 B (AL,
1.3.2 S5F8 G

A A R L AR A N2 K A TR 40 st
TTAbBE R 5 i 1 1 — e AR B S8, E AT
Sk 2 [ AT B AL 326 | DA S IR BN 431X 22 1] (4 R
B ITRRCRERTE A R KA T2 1], LA i
[ R A BTSSP O 5 A

HARZE 2012007, 2008) PGB (2012)
TESIHN G Bk 5L Al I, 25532 H FLUENT6.0 %X
F BT 4 2540 3 F1 43 BT R sh AR AR, SEEL T
L2 A P 7 R A BSOS, P e 5 4520 (2007,
2010) 1 T —Fi ] AL B A0 T vk, s B 245 44 1)
D Az sl e DA S L AN e A
o1 455 2 % I T RS A R A SRR A A
SHVE PRSI G = ARG 5 — A A A
TREE A5, 435 R A 6] A 5 i R A7 R it X A -3
Dk B AR A B AL T R AR 2 T AR KL, 1
Hiz XA T 5B T X B IE sk B 235 44 1) i 17
A LB B 2) . FAMHLE1(2007,2008 ) 2
T IR A XA W 407 2 RN A5 8 119 £ 326 4 91 30 ok
SPAE AN ST A (B 7 5 o0 S B, %ot Ik R A 2o R
137k, SEBL T Xt — ZR 81 = 4 gl v 5485 #4114 7 1



-4 - /S =S B A N S ¢

5 49 %

R G BUE AL AR A 52 50 (2010) 3T ADINA #K
P, SEBT  sK A BE 45 R 1 T A A BB, O
T T IR M IR SR e, B 5T e I« &b 44 1
DIAFAE W AR eI 2445 M T 1 5/ N B2 A 1
TERAE T H BT 284 T I A B 3 5 76 ST 43 B AL
WA SUT LA % e 108 0 7 T S 14 X8, 23540 1) I 1 A 4R 3
R AL KR AL (2007) 22T ADINA %, % H
PGS RVETEAT Bl ROAR b B Bhe3t T AR 4G b A T
DO T P IR 80 1 5 2 A 3o D Bt SR s, S L T = 4
FEE5 ¥4 F) 3 [ RS A BO(E B L. 22 ) 25 (2012,
2014) BT 55 K0 A 500 A A5 A8 A5 e A 2 1)
s AR 5 SR A AT T R A B KL Bl R A — R i 4
(ALE-LES) Jr R RIFE T 45 4 s R FH LA A% B A 7%
DAL T B A T SRS, g 1 XA R (74 [ 231 5
KT 1E TS i A AR Le i A3 4 CFD 3T
FEIP, ST 2 g P 3OF 28 35 45 e 0 1 ] ]
F = 4 K B - R 56 T 4 A A R A L. 4
(2012) H:T ADINA {4 b i 2% A0SR i 5300, 5281
T A I ke 7 B 5 #4151 R A SRR L. T
FRES AR 21 (2013) K AR VA L A OTTHH B AR
LRSI ARG IR Ty vk, 5] A FAb #AE PR
SO/ INGR A AR, (1 F 45 ) 1) T [ R A 31 B3k
SRR, TR A H5E 455 g 57 % 340 1 A0 AP A 4L 45 SR
5 SRR G 45 SRV A R

B2 BEERESRERGBERD™

Fig.2  Fluid-structure interaction simulation of saddle-shaped
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membrane structure!*?
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Fig.3 Total damping ratios of saddle-shapedmembrane structure

at different wind speeds '’
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