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Prestressed Construction Technology for Large-Opening Spoke-
Wheel Type Cable-Supported Steel Grid Structures

JIA Shangrui, L1U Yang', XING Zunsheng, HU Jianhua
(Zhejiang Jinggong Steel Building Group Co., Ltd., Shaoxing 312030, China)

*Corresponding author: liuyangln@jgsteel.cn

Abstract: A large-opening spoke-wheel type cable-supported steel grid structure is adopted by the XinJiang Urumgqi Olympic
Sports Center Stadium. As a new type of spatial structure that combines rigidity and flexibility, this structure has the
advantages of stable stress and low steel consumption. However, there are technical difficulties such as difficult
installation, complex prestress calculation, and high requirements for component coordination. Aiming at the
technical difficulties during construction, the tension construction scheme and several key tension techniques are
introduced herein. The impact of different factors such as installation timing of diagonal braces, curtain walls, and
purlins, roof installation errors, ring cable cutting errors, and temperature on the tension construction is studied. The
final construction plan has been determined to install both the curtain walls and purlins synchronously before
tensioning. Taking the feasibility and economic efficiency of the purlin installation process, as well as the safety during
subsequent using stage, a low-stress high-efficiency installation technique for purlins is proposed, which guarantees
the tension construction of the Urumgi Olympic Sports Center Stadium successfully.
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Fig. 1 Schematic diagram of stadium structure
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Fig.2 Layout of roof structure
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grid joints
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Fig.4 Schematic diagram of batch tensioning
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Table 1 Batch tensioning scheme
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Fig.5 Cable force under different tensioning schemes
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Fig. 6 Stress of members under different

tensioning schemes
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Fig. 7 Schematic diagram of diagonal braces
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Table 2 Characteristic index summary with different installation times of circumferential diagonal braces
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Fig. 11 Schematic diagram of cable-supported grid

circumferential truss
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Fig. 12 Comparison of roof vertical deformation with
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Fig. 13 Stress comparison of roof members with
different installation times of curtain wall

structure (unit:N-mm 2)
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Table 3 Characteristic index summary with different installation times of curtain wall structure
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Fig. 14 Location of the stress-increased members

when installing the curtain wall after tensioning
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Table 4 Characteristic index summary with different installation times of purlins

. AEH R K EE Kihgr X% & HHRERRXEACR)/ R E A (E)/
R , , 2 e
% % /mm EH /mm (Nemm ?) (N-mm %)
RALAT & K —109.36 32.68 —92.86 71.27
[ ESY=E S & —111.72 35.93 —99.25 70.52

z k 58.09 54.72

56.15 53.18

54.21 51.64

52.27 / 50.10

50.33 48.56

48.38 47.02

46.44 45.48

\ 44.50 \ 43.94

42.56 42.39

40.62 40.85

38.67 39.31

36.73 37.71
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E18 EBERXREFERETEE Fig. 20 Deformation of ring cable (unit:mm)

Fig. 18 Schematic diagram of adjustment region of

roof installation error
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Fig. 19 The effect of installation error on roof structure
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Fig. 21 The effect of ring cable error on roof structure
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Table 5 Characteristic index summary under the effect of roof installation error

AFRXEACH)/ AR KR A (E)

£ @ 4% K6 K Y C B KBS T
n EEREXEHEH/ mm KK KEHLH/ mm (Nemm ?) J(N-mm-?)
REEMEE —109.36 32.68 —92.86 71.27
1 %2 )5 & & —111.76 32.62 —92.45 72.38
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Table 6 Characteristic index summary under the effect of ring cable cutting error
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Fig. 22 Comparison of vertical deformation under the

effect of environment temperature (unit: mm)
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Fig. 23 Stress comparison of members under the effect

of environment temperature (unit:N-mm ™ ?)
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Fig. 24 Comparison of cable force under the effect of

environment temperature (unit:kN)
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Table 7 Characteristic index summary under the effect of environment temperature

T %—-‘i%ﬂﬁik %fﬂ?ﬂ%k AR ACH)/ #f'f*ﬂaik/ﬁj?‘(i)/
B & % /mm B @ ZH/mm (N-mm %) (N-mm %)
REMEE —109.36 32.68 —92.86 71.27
i3 £ 0 °CiKI TR —103.23 37.21 —103.23 90.99
IR E %R —109.86 30.94 —91.62 71.14
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Fig. 25 Comparison of roof vertical deformation

under the effect of purlins (unit:mm)
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Fig. 26 Stress comparison of members under the

effect of purlins (unit:N-mm ?)
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Fig. 27 Comparison of cable force under the effect of

purlins (unit:kN)
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Fig. 28 Purlin stress (unit:N-mm ?)
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Fig. 29 On-site construction of the low-stress

installation for purlins
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