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Research on overall stability of the Shenzhen Universiade
Sports Centre

ZHANG Jianjun, LIU Qiongxiang, LIU Chen, GUO Manliang, YANG Dexi, PENG Shenghua, ZHOU Bin
(Shenzhen General Institute of Architectural Design and Research Co. , Ltd, Shenzhen 518031, China)

Abstract: A type of structural system named as single-layer folded-plane latticed shell structure was adopted in the
steel roof of main stadium of the Shenzhen Universiade Sports Center. The cantilevered span of the steel roof ranges
between 51.9m and 68.4m. The steel roof was separated from the concrete grandstand completely and supported in a
concrete platform by 20 ball joints. Characteristics of this structure were few border constraints, complicated load path
and uncertainty of overall stability. The deformation shape due to initial geometric defect was found by characteristic
buckling analysis. Then the overall stability was analyzed by nonlinear method. The influence of key positions and
important bars to the overall stability was also studied. The results show that the steel roof is insensitive to initial
geometric defect. The overall stability coefficient is close to 3, under the most unfavorable load combination of wind
loads in both vertical and horizontal directions and considering both geometric nonlinearity and material nonlinearity.
The structure has good overall stability. The progressive collapse will not occur even if the critical and important bars
were lost. This structural system is feasible, safe and reliable.
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Fig.2 Diagram of numbering for steel roof units
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Table 1 Critical load coefficient of characteristic
buckling analysis
g 1B 2B 3B 4B SBr 6F 7B 8B 9By
A 14.91 14.93 14.95 14.96 16.53 16.60 16.69 16.74 16.99
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Table 2 Critical load coefficient of bearing diagonal
bars in buckling model
Il 1y 2 2R 4K
VAKiIWIRES
LB 4B SBY 11B 128 13 B 15 Fr
FRHEE 0T 14.91 14.96 16.53 17.46 17.57 17.60 18.66
JUAEZE 12,30 12.15 12.10 10.61 10.50 10.80 13.50
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Table 3 Critical load coefficient of overall roof
in buckling model
, I A 2 22 E
ST 9By 10BT 17Br 18K 20y 23 By 24 By
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Fig.6 Results of geometric nonlinear analysis
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Fig.8 Results of both geometric and material

DT ARUE AR 2 My 280188 1) R R R 2k, 4D 8D
T AS AL T 0T A0 R X s SR Ay 28 R

nonlinear analysis

AU, 34 G T AEA RN ARAL A T B R et F4 FEHERTHRY

WREL T A X e A 2 S i i B for 2 R 4R, IR 4R T Table 4 Critical load coefficient of nonlinearity

X eIV EF-YIROE 24 iN] R CTEE Y e .- W U WE

éiij g E;gf Z:;L S g f fé WRFERARIE  warn  ww Gl g R
() ERRIALE TR WU AR ERE 47 e b o

JE HE G 7 3R R BT 3. 0 R TF 2.0, i BHIZ &5 1) D+ (3) /120 12.98  3.20 0.25

AT B iR PERE - e r tson
(2) WA B G S B 1 A R VR S R ()

P BEZE S (O K T . TR B A L 0 D b e om

BB A RE R R BRI 5.5% ~ o) 10 201 s

14. 0% , PV BE T2 40 Xk AR UK e T e s R
(3) 5 D + L TUUH G, AT 45 5 414 10 “)

AL MR R T, AR IR 7. 2% ~8. 4% , OB esw 106 —

M SRR 00 B A P B AR R T BN o) R TETEET——
(4) 5AE IR MRS e AR 3k A EE, i T (8) /150 1240 2,96  0.24

PR R R R 75% Ze A7 M pL Ly () 1120 1180 293 0.25

FHELME R R B R R, o gy LD o0n —sse —

5.3 EERERM Sk ANt BN TE R 1 B 0 - (3 e
KB IE A 2, TE UL LA 2 A BROR A% -8.4%

FH hImIHR 28 R Hh R s ) 5 5 0 A R AR s M,
SRPAITZ A MK R R F A M R R R e e R R R HEERAICIOR BV, DA 6 B A SR 7 2K
B E AR AR IR AR (E)ER  RXHERRE R

60



BRI, 23 50 5 bR 8 AR IR 8 i R N
gL B 3A BT =AM, RSB THE
BIRGE EIRGE NG 3A B RS 4
FhALA T O, 2% R XU A 26 000 %) e i I S g
AR (WG 17120 ) . S5 71408 55
R T BUS Ml AT 2 PR 20% , ThIE R N
IR A FBUE Ml A AT 2R AL 5% |, BEHE B 3
PIVEHR T DiE A G NI RIE R, e A E &
PRGN T 2 T 5 57 T A 38 Ak T ST T AF R 2R
FELZZ ST A FTAF A0 2 A, AT 4 R 25 M R R BE 1, 4
H— ARG SR R AR AR T R 2 40% I
REH AT EANE 9 s, IR, 12235 4 7 A J2 2
FlSi &AL R N R, 52 S A 3 74 ST T (X e A%
F1HEAR K AR AR AT 1 e AR, 151 ki
JE, 5B ARG, Hix g i AT — 5 B 7K
BRAE ST, XSS U A R

AT -
- Py |

0 696.6 1393 2090 2786
348.3 1045 1741 2438 3135

K9 Hrkk 3A BICEMBRIRSZIE = K
Fig.9 Displacement contour of limit state without

support 3A

x5 RBHMCXRREHIGRTHREY

Table 5 Critical load coefficient of local instability
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