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Key techniques of structural design for
retractable roof

FAN Zhong, PENG Yi, HU Chunyang, LIU Xianming
( China Architecture Design & Research Group, Beijing 100044, China)

Abstract; Based on the practice of retractable roof design, the key techniques were discussed in this paper. The
retractable method of the roof is determined by factors such as architectural plan, function requirements, natural
conditions and operation management. The concept of basic retractable state is defined explicitly in this paper, and
from the safe and economic points of view, it is rational to set retractable roof condition with the maximum load
resistance as the basic state. The movable roof favors the flexural structural system that is less sensitive to boundary
conditions and can be adaptive to the large deformation and construction error. The fixed roof system, especially the
runway truss system, should have sufficient stiffness, and the construction precision should be controlled strictly. Due
to the load values are significantly different corresponding to different states of the moving roof, such as fully open, half
open and fully closed states, the analyses for the three states are needed separately. The interaction between the
moving roof and the fixed roof should be considered, and the runway trusses, trolleys and the linkage components
should be kept elastic even under severe earthquake. The ground acceleration could be reduced to some degrees during
the roof moving and in non-basic states. The driving system and the control system should be chosen based on the
technical and economical comparisons, and the systems should be easy to operate and maintain. The maintenance and
management are very important to ensure the long term reliability of the retractable roof.
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Fig. 1 Retractable roof plan of the Beijing

National Stadium

SRRZM AR IR E BTN SRR 2 W,
FATWEARSE 35000 G i S T AL Y 86295m” , % T
FREIGUD R A0 U A 5T B8l T R =
FAR 43 H 7 of AL 45 15 JE 330m = B 129m {6 A
6. 1M KHE IR E B2 H i P RS RR i A5 I
AREENERFEA(E2),

FE 5 I BR rp 0 397 1 07 b 5T T 0 PH X SR AR DG 5
IS PEAE X S A eI Bk oL | 8 R R AR I rp
WIBERAFEFE” 19 % FH ELFE 306, B R b 5t b X e
K EA FE RSt KOF 1 ER L3R, TR A A X
SRR ECA 13598 4>, SRR K R 2N 46m, B

133



K2 SRZHAMEEYS
Fig.2 The Erdos Dongsheng Stadium
SR Z) 51199m” | FC5 2 o i v 6]l A5 R 0 B9 3%
R, FEERERPOHEIE 3 FiR,

B3 [E SRR OB
Fig.3 The New National Tennis Center

2.2 EHEZEFEAXNHE

A ML, F AN R T 5 R i i A
Z i s R 2 8 8 77 3, IF G J7 AR 4 i SRUE
L HHIIRE PR R AT s B8 B 5
FMFLRBTE . T80 R A AR 3 77 AU B4
FATR Bl e B g LKA B 8% ) % V- T2 8)
Jra, s P =R AT U T A A T RUE
B RN R 2T R T 2, 49 Bl e i i A
PATHLIE AR S, JE s [ A2 20 Ty 2, RS sk
G US T IR 07 3, BRI e i 1 o
JE 4 i T B R s AT R AT

iREDE SR DI E NI E A NANY s ot A =
PRI IR DL, X T /N, A J= T AT
PSR n] R 2l i s X TR 3R, 25 5 % JE 1l
It RS BOAR W EEEAE N R, — A 2
AT LIRS S, 7R T R 45 TR 5 I AR
IO 7% TR I B I8 5 2 8 B R X 7 A FH i

EPINERTBIREget WIES eI o Ve 22 N3
(UNSR7ptaa i I e A TTEY (D AR S e L
RGPS AR U5 0 A G R A
2 R R A BRI 2 2 56 1 [ E = 2 A
R AT LA E A2 sh xR TR R A
134

XIS FEAR T 16 Bl s 4 H B ORI B4R A
SRR, A RER T A RS, K
[ERZBinEiet WIE SR VIS 2 N XIS R/ eI P
MBI TN E 4 Bros i 3l o 5 P 23 [ i

B st Ik,
(a) 4 HRAEHE (b) &FFRAEFE
T 3 T 3
(c) 4 HR & (d) & FFRA & i
K4 BEFREBEHETESHREZH
KRBTSR =

Fig.4 Retractable methods of the National Stadium’ s
original plan and the Erdos Dongsheng Stadium
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Table 1 Designed service life of assemblies
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JiH Bl AR IR
T B R i a5 50 4F
URBIRE (AR, SO, LB 25 4F
P R g8 (RS BRAIT R BLE) 10 4F

*k2 EHEZEITEHSH
Table 2 Main parameters of movement for moving roof
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Fig.6  Sketch of moving roof for

the Beijing National Stadium (original plan)
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Fig. 12 Structural system of the New

National Tennis Center
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Fig. 13 Wind tunnel test of retractable roofs
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Fig. 14 Driving system for retractable roof of

the Erdos Dongsheng Stadium
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