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Design and research on large-span roof structure supported
by mega arches of Xiamen Egret stadium

FAN Zhong, YANG Kai, LIU Tao, ZHAO Changjun, CHEN Wei, HU Chunyang, ZHANG Yu, LI Jinlong, HUO Wenying
( China Architecture Design and Research Group, Beijing 100044, China)

Abstract: The mega arches of Xiamen Egret stadium have a span of 360 m and an outward slope of 22°. The mega
arches on the east and west sides are asymmetric, and the mechanical performance is complex. The ratio of the major
axis to the minor axis of the field core ellipse is close to 2.0, and the maximum height difference is nearly 45 m, which
cannot meet the forming requirements of the traditional wheel spoke cable structure. In order to solve this problem,
rectangular section pipe trusses are adopted for the mega arches, and the thrust resisting ability is enhanced by taking
comprehensive measures such as connecting the adjacent mega arch foot cushion caps as a whole. A cable-strut hybrid
wheel spoke cable structure is formed by using rigid struts to replace partial compressed cables, and a cable clamp
node with a joint bearing pin shaft is developed. The analytical results show that the mega arches bear 63.75% of the
vertical load, the elastic buckling factor is greater than 10, and the elastic-plastic buckling factor is 5.9. Under the
action of vertical load, wind load and frequent earthquake, the deformation of the mega arches is small, and they have
good stiffness and stability. Under the action of rare earthquake, the mega arches maintain elastic behavior, and small
residual deformation occurs in the east and west mega arch in their respective inclined directions. The two-stage form
finding method of field core wheel spoke cable structure can significantly reduce the calculation work, accelerate the
convergence speed, and the vertical coordinates of the formed inner ring and the internal force of the cable/strut
change uniformly and continuously. After the failure of radial cable, rigid strut and ring cable, the nod displacements
and member internal forces will suddenly change after a period of vibration, then become stable gradually, and
progressive collapse of the structure will not occur.

Keywords: large-span roof structure; mega arch; wheel spoke cable structure; load-displacement analysis of entire

process ; form-finding method ; cable-breaking analysis

HAHTE B HE AR R A R A E AR R E (Y2020182)

EHENEE,BAETI99 5 8 IL¥+ AR AG L, T ENEEZAEHRITEAE, email : fanz@ cadg. cn
AEES B HAETI988 5 8 TEH L, GRAIAN, TENFZKEM LT 5K, email: yangkai@ cadg. cn
YeAg B #1:2022 4 10 A




0 5%

JZ T H R E oA F BT T T4 X3, L4
HE AT KRR T 1F X E LA I GRIE | IR
TEUK P AR ML B i 55, sl 1 R, HERE Y
AR ML 18.06 1 m’ , S K= % 85 m, B &4k
JiEBECR 6. 12 J1 A, H [ E A & 5 A iR G W ER
ISP, WE R E RS SORTHAE#Z -,
FETEG T O B AR 4w AR A5

K E TR L
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Fig.2 Large span roof structure of Xiamen Egret Stadium
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Fig.7 Wheel spoke cable structure above field core
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Fig.8 Cable clamp detail of wheel spoke cable structure
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Table 1 Gravity load sharing ratio of
long-span roof supporting members
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Table 2 Earthquake action sharing ratio of
long-span roof supporting members
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Fig. 11 Buckling modes of long-span roof structure
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structure obtained by elastic analysis
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Fig. 13 Deformation of mega arches under various load cases
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Table 4 Deformation of mega arches under various load cases
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Fig. 14 Stress ratio of mega arch members
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Table 5 Deformation and plastic strain of
mega arches under rare earthquake
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Table 6 Internal force of mega arch feet
under various load cases
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Fig. 17 Response of adjacent members following

failure of short axis radial cable
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failure of short axis rigid strut

3.3.2 R R

WIE N 6 P75 B, 24 6 MRIF[EFE A 1R
R PR R NI EEHISS 176, FAARER R85 HE T
ST SHPEN T A 19 R, B AL W R IS
PEINEAR RARIG K, 28 3d — BU [ 9% 57 e B i A E
EHE 00 i B ) A2 T /0, R 43 oK 7 A2 9
8.9 mm, PHMIHETH/K - HE 5 9. 1 mm, 2K 74 LY
KPP AR B 0 18,0 mm BF ) 28 AR ) 2R %l
S i — B IR 57 )5 8 T A, B6 1 AR [0 R Y
RV — R RN, A AL T RS A 2

K19 FRLER ) 3RS A AR S5 RN )
Fig. 19 Deformation of structure and internal forces

of members after single ring cable failure
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