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Structural Design of Large Span Steel Roof and Spiral Steel
Staircase of Haiyan Health and Wellness Center

YAN Feng" LIU Fuping ZHANG Jiancong
(East China Architectural Design & Research Institute Co.,Ltd., Shanghai 200011, China)

Abstract The Haiyan Health and Wellness Center project is located in the central urban area of Haiyan
County and comprises multiple sports venues. The above-ground buildings have floor heights of 6-12 m, with a
total building height of 24 m. The tennis court roof features a short span of 38.4 m and a long span of 89 m. The
entrance canopy has a maximum span of 61 m and a maximum cantilever length of 31 m. The spiral steel
staircase has a height of 6.0 m and a cantilever length of 8.0 m. The tennis court adopts a micro-curved single-
layer grid structure composed of inclined box-section steel beams, while the entrance canopy employs a two-
way orthogonal planar truss structure supported by friction pendulum bearings. The spiral steel staircase is an
irregular spatial structure. This paper describes the structural system selection, scheme comparison, and
design outcomes for the large-span steel roof of the tennis court, the large-span steel roof of the entrance
canopy, the friction pendulum bearings, and the steel staircase. Stability analyses were conducted on both the
entrance canopy steel roof and the spiral steel staircase to ensure the safety and rationality of the structural
design. All structural designs satisfy code requirements and exhibit adequate strength , stiffness, and stability.
The design and research findings may serve as a reference for the design of large-span steel roofs, connecting
supports, rotating steel staircases, and similar projects.

Keywords large span steel roof, micro curved single-layer grid structure, two-way orthogonal planar truss

structure, friction pendulum bearing, spiral steel staircase
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Fig.1  Architectural rendering of Haiyan Health and

Wellness Center
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Fig.3 Three-dimensional schematic of the tennis court roof

J2 w5 B 2 (E AL A% ORI )ZE VR ARG R T
FR45) M 1.5 kN/m®, i far 2 8 0.5 kN/m®, J& i X
T 3 A XU B 0.5 kIN/m?, AR 750 22 55045 1) A XU
—0.9(#E1-2.0) KUE 0.5 IR fr 2k % AR
RIS R 25 °Co AT REHUE B ZIE R 6 1,
BT bR 4N R — 4, 250 R IV 28, 37 iy
fE A 7,20.65 s 5= w5 mf, fLJE HH0.02.
SR FHAR L 53 it SN 35025 A 77K 1R 8 o) b R= A
B, 7K MR 5 ) R 80U KA o, =0.05 (AR 4f Hh
s, % B SRR ) | % 1] 1752 52 k) 2R AL
KM a,,=0.032 5",

R TR Sy B AR R AR AN S J TN
PR SIS LR, R SAP2000 V25 Kk
X} 5 B T TR A 4 ) R i 4 A A AL
155307 2R YIK 5.3 8440 o= w3 AT SR IR &E + 25
FEAT SRR AL 0 M7 o 2 26 &5 M B AL N 18] 4 7
N B AL N 5 R

J22 AR {2 2 L 7R 32 5 O Ry 3 Y 32 A R A S

K4 Bk R R E5 R

Fig.4 Numerical model of the tennis court roof
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Fig.5 Integrated numerical model of the roof and lower

concrete structure of the tennis court
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Fig.6  Stress ratio of tennis court roof
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Fig.7 Deflection of tennis court roof (1.0 dead+1.0 live )
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Fig.8  Architectural rendering of entrance canopy
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Fig.9 Numerical model of entrance canopy structure
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Fig.10  Stress ratio of entrance canopy members
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Fig.11 Deflection of entrance canopy (1.0 dead+1.0 live )
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Table 2 Horizontal forces of supports for three

connection forms of entrance canopy
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Fig.12  Friction pendulum bearing of entrance canopy
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Fig.13  Steel chain of entrance canopy
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Fig.15 Typical section of the steel spiral staircase (Unit:mm)
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Fig.16  Plan view of the spiral staircase (Unit:mm)
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Table 5 Modal analysis results of spiral staircase
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Fig.17 = Stress of numerical model of shell unit
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Fig.18 = Stress ratio of numerical model of beam unit
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Fig.19 The maximum vertical vibration acceleration at the

critical point of spiral staircase
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