T # 4 Industrial Construction 2025 HE55% £ 10H

SIREX a6, 2FE . %8, % AT HSBRPVERRNEN ) #FEERB A L], Tk #5,2025,55(10):171-183. FANG Jiawei, LI
Cunliang, YUAN Xin, et al. Research on the Mechanical Properties of a Large=Opening Saddle=Shaped Orthogonal Cable Network Structure[ J]. Indus-
trial Construction,2025,55(10) :171-183 (in Chinese). DOI:10. 3724/j. gyjzG23061101

AFRDBEEXZMEH N FERIXEHRR

M FART R OA HEP WEAT FFU
(1. PELHSURME K%+ R TR B, FE4E 710055;2. BRPEE T ERIAG RAR L 710116;
3. BV T LW T B BRA AL V% 710032)

W E NTHRANAZERNEREFWNEMN ¥R, ABEZTER LR PO AR, &I T
IO RAEA T T AN AGEHENEXRNEME REAAE AR, XA KAEAFRT
RUEANSYSHEZFM &K i ¥ BB RELHEWAIH AT A G R TR #FTEN. TR
ERENIHMRFTAT, LERERNG A B RN AL XA P HEHMA, LERZ RN
AR BENKEFT B AL ERHRD RN RN ERRDHET RN m 2L F &
MHEMER  FRNEFTEARARNNER ;2 BERT TEEH 7 A AR I RMAT AL &
K#h 7R o s R I &

KGR ERFWHEREA hFRE HEMN KRBT R

Research on the Mechanical Properties of a Large-Opening Saddle-Shaped Orthogo-

nal Cable Network Structure

FANG Jiawei' LI Cunliang® YUAN Xin® Hao Jiping' LIU Bodong® JIA Ziwen’
(1. School of Civil Engineering, Xi’ an University of Architecture and Technology, Xi’an 710055, China;2. Shaanxi Con-
struction Engineering Holding Group Co. , Ltd. , Xi’an 710116, China;3. Shaanxi Construction Machinery Construction

Group Co. , Ltd. , Xi’an 710032, China)

Abstract: In order to study the mechanical properties of large-opening saddle-shaped orthogonal cable
network structures, a 1:10 scale model was designed based on the Xi’ an International Football Center.
Bearing capacity tests were carried out on the large-opening saddle-shaped orthogonal cable network
structure. The testing process, which included full-span, upper half-span, and right half-span loading
of the cable net, was simulated using the general finite element software ANSYS. The results showed that
under the three loading modes, the axial force in the upper load-bearing cables gradually decreased from
the edges toward the center of the cable network, while the axial force in the upper stable cables
decreased from the central axis toward the edges along the long span. Both the cable internal forces and
the vertical deformation of the cable network exhibited an approximately linear trend with increasing
load. Additionally, the cable network underwent only minor in-plane deformation. Under full-span load-
ing, the opening expanded slightly outward in the short-axis direction and contracted slightly inward in
the long-axis direction.

Keywords: orthogonal cable network; scale model; mechanical properties; numerical simulation;
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Fig. 1 Architectural rendering of Xi "an International Football Center
Fa: 2 0 v ] I AR 0 32 0 % SR AT 9 A AL 1)
BE3.6~6.5m. [T JEERZ M BE B RN,
MARRKELIT4m, NZEHER. EFERRAER
W0 A L ER AR SE A o R R P ER TR T I R
LI U NI O 2 N O R LR S R IR S )
Jis

B2 RN

Fig.2 Schematic diagram of the cable network structure model
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Fig.3 Schematic diagram of the sizes of the scaled cable network

structure
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Table 1 Specifications of cable network components
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3890 $75 38.5 $11 1:68
= 4420 $»80 475 $12.5 1:65
IKER 5000 $85 475 $12.5 1:62
5600 $90 57.5 $13 1:70
6990 $100 68.4 15 1:65
1710 $50 17.1 $7.7 1:74
2490 $60 23.3 $9.3 1:65
[ )2 2920 $65 30.4 $9.3 1:62
FaER 3890 »75 38.5 b1l 1:68
5000 85 475 $12.5 1:62
5600 $90 57.5 $13 1:52
1390 45 17.1 $7.7 1:60
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oo 271296 5341 180x10.0  1:51
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Table 2 Specifications of support frame components mm
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Fig. 5 SOFISTIK individual model of the inner dome steel structure
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Fig. 6 First vibration mode: global vertical vibration mode of the cable

network
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Table 3 Load statistics
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Fig.7 Schematic diagram of spatial lattice automatic synchronous gravity loading system
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Fig. 8 3D model of cable network mounting
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Fig. 9 On-site photo after installation completion
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Fig. 10 Schematic diagrams of loading schemes
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Fig. 16 Spatial deformations of the cable network structure under full-

span loading
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Fig. 17 Load-vertical displacement curves under upper half-

span loading
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Fig.21 Material property testing device
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Fig. 22 Failure states of steel wire rope samples
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Table 5 Steel wire rope material parameters
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Table 6 Pre-tensioning strain loads of cables

g R hrR with®R  ImmA,  NiAE
B3l G+ FILAE /mm J1/kN m’ ff 2%
HHZE  HSI b26 149.51  4.03x10™*  2.06x107°
scl1 $9.3 10.00 6.88x107°  1.12x107°
Sc2 b1l 11.21 8.29x107°  1.04x107°
%LE%% SC3 b12.5 15.25 1.10x10™  1.06x107°
SC4 b13 19.50 1.26x107*  1.19x107°
SC5 b15 10.00 1.84x107*  4.18x10™*
SW1 &7.7 10.00 4.92x107°  1.56x107°
SW2 $9.3 11.21 6.88x107°  1.25%x107°
*;féi SW3 b1l 20.34 8.29><10:z 1.89><10:j
SW4 $12.5 13.00 1.10x10™*  9.07x10
SW5 b13 24.35 1.26x107*  1.49x107°
TR XW1 $7.7 10.00 4.92x107°  1.56x107
RER xXw2 $9.3 10.00  6.88x107° 1.12x107°
Mz St — 0.275  2.55x10°  8.29x10™*
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Fig.25 Cable layout
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Fig.26 ANSYS model under full-span loading
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Fig. 27 Z-direction deformation of cables under full-span loading
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Fig. 28 Axial force distribution of cables under full-span loading
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Fig.29 ANSYS model under upper half-span loading
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Fig. 30 Z-direction deformation of cables under upper half-span
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Fig. 31 Axial force distribution of cables under upper half-span
loading

N T e o R TR T R o R 2
5 AT 3 G L T AT R S
K Bl B A P, R T e 2 AR B,
TE 2R ) 2 i 588 76 Ak e RN 1] A2 9 2 90. 5 mm, A7 2
15T B A d5e RGN 1] AR T Sl —460. 9 mm ; 7 5 5l ) 43
B 34 Fios , 12 R R ) 58 OR A SR
0% 2 IR 30 S v ) B, B ) 2R R AR O
B 7y RN 5 R AR A ) B R A B AE AR
BEF 3, ol Al e A OB 2% Al T KT 22 M R e R A
GREET By R TR PR R Kl Py ) 2
i1 PR 1 B 7 1 26%~75% o

B 32 AR BN ANSYS B
Fig. 32 ANSYS model under right half-span loading
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Fig. 33 Z-direction deformation of cables under right half-span loading
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Fig. 34 Axial force distribution of cables under right half-span loading
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Fig. 35 Comparison of load-vertical displacement curves

RT SRR (748 % E
Table 7 Comparison of displacements under maximum loading

condition

I R 22 T /mm
e
D9 D10 D11 D13 D14 D15
Wi 1437 184.1 2320 688  133.6 161.7
H Rt 147.7 186.7 2379 702 1254 167.8
21H/% 2.8 1.4 2.6 1.9 -6.1 3.7
6 & it

PR ST T R ITI B B IE 58 3R N 25 1 4 15
T L B 2 R A 2 B AR ) AR TR R 1 Bl
T A L, FES R LU 458

1) RIT I B #5 E 1E 52 3 W 45 44 1) B3 N 1 Al
2R 0 g AR A 3 R A7 2T BE i 800 3 i 2y

182

SO0 O 2k 0 S A ke s R AR T AL R AR
TR TE 5 4 5 02T AR SR A AN Y
PG K7 ) A TR R A IR B

2) 4 5 0 FR i B BRI b ] T B Ab SR R
] A5 JE k1 -406. 92 mm, [ 2= 85 Jin 2% i+ 5 08 2% 0
Uity R RS Ak F K 11 A5 T R 40. 0 mm, |2 85 B b
e KRN ASIE R =351, 3 mm, 47 2F 85 40 2% 1) 5 #5008
F I e i s Ak Fe KN 1) 28T 2 90. 5 mm , 45 2 5
T B Ak f RN 1] AR JE R -460. 9 mm , BT A T
LI 5 3 6437 1 e K AR T A5

3 LRARERMIBERMEAERM LT %
ER NS N SV NS v~ 6 2N T2 4 1 B S I AR T Vi1
N 5 b R R E R )8R A AR AR A B Al
T, B ) SRR T A ) 0N BT R
TINBi 3 46 My (1) $5 K S ¥

4) B B HULRE 5T R B EEAE O vk T AR e
45 5 4050 S D0 A5 4 A L B KR 22 -6, 1%, TE
T Ty R ST 0 A BR T S A B G A M S ik 52 PR
175 00, BE A% Ry S BR TR v T 85 B 2R AU 5 B ) S A
AR NS %,

5 % x

(1] dhtttgl . KBS 2 450 00 & fe « Il 5 2R (1], £ AR TR 2
%, 1998(3):5-14.

(2] Bl 8% . 007 7 2 [l S0 25 4 A B A R R [T). 4 Tl 25 4
1995(1) : 1-14.

(3] XI5 . 37RO B 8 0% 3 55 TOUZ8 #9 A 22 B3 F 92 15 s T
MHID . dbat: bt Tolk k2% ,2010.

(4] Skt B BRmem, m . 5 B0 rpc T K U K R 56 45 A T
[J]. #54549,2019,49(23) : 15-20.

(5] TE.ACH &, 5. B R R EMa W], g
4544 ,2018,48(20) :5-11.

(6] Bk, MW MR, T BEsm 55 . I S0 0 K B S B8 R W
SERCHME TH AR LT]. i T4 AR ,2019,48(24) :41-44.

(7] W E R B &, R 5 5O R A T[T
AHEH,2018,48(20) : 1-4.

(8]  HGU, L4 WM&, 5 . I 58 7 0 4R 3R ) 45 A I 25 43 7 6
A TS ()], S5 H (Tl 3 30),2020,35(7) : 54-61.

(9] MH3CH, W58t TR, 5 . 36 30 100 A% 1Y [ 5 o W 4
KRR Ik Wrge[ 1], + A TR 24 ,2022,55(9) : 9-16.

[10] FEHMA, A KE, 5. BRI REEDSEEREND
Hfaf it TRR L)) il T H AR (3 30) L, 2022, 51(17) -
57-59.

[11] ZHUML, PENG Y F, MA W N, et al. Artificial neural network-
aided force finding of cable dome structures with diverse integral
self - stress states - framework and case study [J]. Engineering

Structures, 2023, 285, 116004.



Tolb#Es 20254 45554 10

NIE R,HE B, DEWEY H H, et al. Form finding and design opti-

mization of cable network structures with flexible frames[J]. Com-

puters & Structures, 2019, 220:81-91.

LG, E R WY R . RS A B R I 45 4 0 e A BT S
Bt (1], TR 1% ,2013,30(2) :400-405.
MR U B . W R M R e [].
R 1252547, 2008,25(4) 1 617-621.

E BRSNS S R
St T IM T dbst . rf E S Tl AR, 2018 3-17.

2Rk . TR B A M T B AL A s LD )L sl db st
A K%, 2008.

R, RS VRO L A R S5 A 0 BT 0 B A AL B
WLT]. B )27 24, 2002(2) : 34-37.

PRI A sk U, 25 G 42 I B A Bk v 0 J2 55 4 45 4
D). #3145 ,2023,53(1) :47-53.
HEPRST, B F B ANGEIS % BT EtherCAT B2k 119 %5 0] 45 44
MEASFEMEREMEL]]. EARTRER,2024,57(1):
10-25.

183



