2025 4E 10 AF it THAR (1 3E30)
F5ak H20M CONSTRUCTION TECHNOLOGY

DOI: 10. 7672/sgjs2025200001
RAMBEREIT TSR RERE"

ﬁ:é‘fﬁ%l,;’?ﬁ %‘_1,F}%%Eﬂl’@kﬁz)#l’?%ﬂ_‘],fi%é%ff#],%\ﬁﬁil,
ST R TS

(LPEAREWTRAHHRAE KR M 5106305 2. 7 M F A EARAS, K M 510623)

[ ] KA SEFVE R K B 4 () @ ST R s A T 3K, i 5 H K 5 A 4 1 19 D9 ) 52 1 ST LA AR R
B 1A, SRR F E 30% ~ 50% ISR T REFI 2 40% LIE B RCHEERE 150~300m @SRMME TR, &R
GERIZ SR I 10 AER SRR 2RI B R, F ST HOE R AR AL ) B L AT A SR N X K
FAReE 1 1% s S ) 8 R AR FRIC AT 5 T S DAL FE S T 540 7R 3 0 R A% O A s FE T8 AR T, 6 b S 48
5 IR IE F 5t SRR G SRR T AR AR 55 T v ) O 3 B X 222 oK ORGP R 5K T
S YOG Ak S T B AR R 2 B i 0 R TR RE AT B, R AR ELER Sk RE Rt o s
HURPERR AR ST AR, 46 I TR 25 RR G 2000 5 D1 S AR R AT X S5 F PERR A R AL . BRI
ARAE 300m DAL A8 B BE 25 M 0 5 24 1 2R AT AR it T Sl A4 i B 3 s S D TR A AR PR AR . ROk R 2 Y
FRG MRS 24 2R AL | R R RE AL T I 5 38 R B R | 4 B B 4T 4k 25 R S5 BRI TR
FH, DASERE Y ATH AR, 2 3 AR AR 2851 £ 6 R B @ 5T i B0 o7 PR (L0 S 3 S RORFR 51 .

[ RERIE ] FRMIRE A5 BT TERE s U4 i T8 AR

[FESHES] TU39IL [ SCERARIRAS] A [CEHES] 2097-0897(2025)20-0001-11

Research Progress on Design, Construction and Performance of
Cable-supported Grid Structure
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2. Guangzhou New Central Axis Construction Co., Lid., Guangzhou, Guangdong 510623, China)

Abstract; As an efficient structural form in the field of large-span space architecture, cable-supported
grid structure realizes the mechanical optimization of tension instead of compression through the
synergistic force of cable and grid components, which significantly reduces the self-weight by 30% ~
50% and improves the material utilization rate by more than 40%. It becomes the preferred scheme for
the buildings with a span of 150 ~300m. The research progress of the structure in the past ten years is
systematically expounded. At the level of design theory, the coupling mechanism of form-finding and
force-finding is mainly analyzed, and the significant influence of geometric nonlinear effect on the stability
of large-span structure is clarified, and the core role of finite element analysis and prestress optimization
in improving the bearing capacity of the structure is revealed. In terms of construction technology, the
application scenarios of support method and non-support method are compared, the advantages of non-
support construction in cost and construction period control and its strict requirements for millimeter-level
precision control are emphasized, and the application bottlenecks of monitoring technologies such as 3D
laser scanning and total station in error management are analyzed. In the dimension of performance

analysis, the research results of static performance, stability, dynamic and seismic performance are
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systematically sorted out, and the influence mechanism of construction error coupling effect and nonlinear

behavior of key joints on structural performance is pointed out. The research shows that the existing

technology still has challenges in the simulation of complex mechanical behavior and construction dynamic

response control of super large-span structures above 300m. In the future, the construction of refined

mechanical models with multi-physical field coupling should be focused on, intelligent construction

monitoring and adaptive control technology should be developed, the engineering application of new

materials such as carbon fiber composite materials should be promoted, the current technical bottleneck

should be broken through, and theoretical support and technical guidance for the innovative application of

cable-supported grid structures in super large-span buildings should be provided.
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Fig.1 Composition of cable-supported grid structure
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Fig.2 Design process of form-finding and force-finding
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Fig.3 Two construction methods
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Table 1 Comparison of two construction methods
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Fig.4 Finite element model of cable-supported

grid structure

JRUEA BRI vk © N F2 3 B9 #1705
i (BAESEPR B P A7 A — SE AR 1 DT BT
RO, X TFRES JE S BRI 4544, A7 FROC
PRI RUBETE TR AR 3 O, 75 2R 4 TH 3 B IR g 1]
QBRI SR BRA:, S A8 AT BRI/ A vk W] A0 45
PR T O (LA S B s AN AR 22 2019 2 B
A, Ay G R B Sk AR LM R R 2 X ] B 2o
B SRR 22 ; QX TN J1 R A B9 AR, i3 1 23 B
G5 2R (R S MR TS, 700 B 4 ) AT AT 0 g 14 22
Pyl RE T B PEREA B R AE AL . R R A% 454
1T A 5 s

T I My
ﬂl - R -

"JD’)

—0.001 531 0.453 603 0.908 736 1.364 1.819
0.226 036 0.681 169 1.136 1.591 2.047

5 FEKMIELEKIEERS ST (HAL mm)
Fig.5 Static analysis of cable-supported grid

structure ( unit; mm)
3.2 FEMT
ROEM I TR S Em R AEH T



2025 No. 20

AEAN RAE  FURMMS SRS it T 5 PEREDT T 2E 5

S EA RGN, R A K B 4 A TR L O
o W BIREE PR3 W7 7 1 A 45 R AT 8L b 23 B
FIARLZAE i 23 B2 A AE AR it 433 3o oK
L R )R AEAEL , T W A [ 7 20 45 1 R 254 2 7
KA MR AR TR W TR AR E PR
e, AL T IRRA R (E P A B S5 Al AT R, 5 R
SRR A R v T BE R AR RARTE | AR LR S i
A T B VA S e 2 A A i il R 2 B A B AT
N o BT BB AU S5 A JLART AR 2 R0 Nz e b1 AR
ZRAERON > BRI AR 45 H AR A BT AN A 6
N

Bl 6 RAMIREMIZEMSH(FNL:N)
Fig. 6 Stability analysis of cable-supported grid

structure (unit;N)

PR (ELAE fh 23 BT M S50 245 ) A S il i ) 22 2
LR, 1300 T e BE AR Ak B 2R RS S5 A4 1
AR P EORE B AR AE R ATE AR LA BT
TSI o A GRS E 1 o A A A 20 1 T
AR R AR A, TR, T BRI A i TR 2 Y R
M55, LB R ] REAE SRR I S B, Xt
TG WRTT VR 2R A% 250, B v B
LA HIEZ AN R, WULAARLNE 5 AT d
AR SEOMIITERE AR TR,

3.3 ZhItEREMBTRIERE T

2 3 PR RE MBLRE 1R BE 70 A T T 89F 52 45 A4 7 3
AT AR IR B I, U R A M 72 faf AR TR Y
R, FEZ5 M 7 5 A A A S o i R 5 i S
B0 RS o T4 A AR R
PGSR Bl 1 e, RS o BT BE i s S5 H A IR B
T EAEHTT B A Wi, AT TS S5 A DU R RE 1 2
filh o, BRIV o3 M e e 2% Rl R I 4 A R R A
OLHILTR Ao 300 2R B P 5 5 P D7 v AL 458 P A 0
LR LG 0TI | 1 2875 1 P ASAU 25 4 1 e
TR BISEBR B AW 2R 7K A 45 4 3l g P fE
PURNERE T 5 AN 7,8 Fom

BUAT 3 3k RE AP RE 1k BE 20 M 9F 5 05 1 ) A
& AT OHR S H A AR Al 45228523 BT AT REAI
ity T SEBR IR SR LS TR B I 2
AR ] RER 2%, S O S5 44 3l g e 153G AN 5

B7 RARMIEEEN RS TERE
Fig.7 Dynamic performance analysis model of

cable-supported grid structure

E 8 ZTRMigLEMMEERESITRE
Fig.8 Seismic performance analysis model of

cable-supported grid structure

AT 5 (Ml 7 R B 43 0 7 A, P Y 52N B 23 BT
LR Ak R S T R AL i, 2% T 455
A BOAR LA AR AR SF N R Al e T
TR MERE B AR AG 3 O AR Ze M 3 25 73 Hr ) IR 3, Xof
TRIEH, JUH IR & BN ) 2K AR 454, ARk
Pzl 2o i lE # W AE, /5 2R IR IR, JOF B
SER MR AR R IO TR R
3.4 SCHETY RPERE T

SREETT PR BE 20 A T R T 45 44 v 5C i 3 42
RS2 TR OL (LI 9) o Xt TF 2R IS 454, ¢
SRV S R AR PR S SRR R IR SR E R
HEARAT , T TR AR R A BROC o R R
I3HT o JRITRA BRIT 70 M 0 25 40 SC B AT SR
SRR, HEATARERCH g 2 o3, DS Y R0 g AR A
52 5 1 UL i e o M 1Y AL T R A
VAT R R AR PERUR B (Y 5Tk

BUAT OB e B o A = 2 T ek R M
) PR AL AN B2 TR L, Jo) 38 AT BT 0 BT BSR4
AHEATAR WORS T ) A, A AT ] AR 2 = o B 4
R 2E R IEAE Y KSR A AT A S 2% J LA RT3
i S5 A s @ 3 F Ak i AR AR AT Sy, AR A3
SPERE T ik HE TR, (H S PRy R HR A



6 Jiti THA (F2E30) 5554 4%
,i B
A
e ol £2 BEREKNKEH
N ",{3;‘(, *
e o = Y P 7] Table 2 Typical cable-supported grid structures
e N%, 7'%4
- I ‘[» 5 S|

B9 XETRHE
Fig.9 Layout of key joints

AEEA BEWAER AT, XEMRZ R T 820,
3.5 i TiR2ER M43 HT
Jith T 5% 22 5% W 43 B 32 B T VEAR e T AR
()58 22 X5 485 A PR RE I 520 ( WLIEL 10) o % 434 7
TR E R P IR 2EZME W, FR Pk
T S ARADU TR 25 I BEHIL 20 A, PPA 15 22 X 45 ke Pk
RERISEIA ; IR ZEFN S T B 2 il TR 2R
FRERN , AT N A B 2 s 07
18

73—2—‘1(‘)1234‘56753971'0
R {H/mm
B 10 MHEITiRZEFmEN S5

Fig. 10 Analysis of construction error influence detection

it TR 22500 43 A F T AETE B4 ) B A - (D1
ZESM AT I AL, 545 R B I AR R 5 0 i
AR B R 25 A S HLIR I B o3 A, {H 52 B it T
TR ZE RTREAFAEAH G , Sl i i fT Ak W] AE S B4
RAER ; QT T B B sh B4R R IR 23R 22907
Tk R TR, RBETE 0% I8 T 72
ANWEAL I BIAS TR R | A2 A8 328 A5 I 28R i Ao
BRI

SRR S5 K PR BE 2 7 1R 1 T O
RES Bl S0 15, IS5 R A R M 3 TR 22 19 22 05 I
WA B o Ir I IS FIEOR E S T
—E LR BAN A — AR, JUHR TR AL PR
JELE RS IR AT O it T ik v s A AR A R R e K
MERERARLENEAT oI, R oK YT 5T I BN SR 3
X EETF I SE R FR R R o oA TR
4 FEEXHFRHER

TR IR P AR A AN [R] 288 I A% 25 4 i
ARETYALAE N TR IR | _E SR ROAR S A | b T
45, RS ] P LI ) 2R A% 25 AR AN 3k 2

wK KRR iR RHE

R VA R
m B R i
Lﬁﬁ; 210 1730 50.0 W}F o 2
ﬁ:;ﬁ?ﬁ; 263.0 243.0  40.0 S 3 1
%}fﬁﬁ; 263.5 227.5 40.8 o* 3 1
ﬁd;ﬁﬁ; 257.9 237.0 54.1 3 1 —_—
{Eﬁi% 266.6 230.0 44.5 3 2 =
i}%%;;ﬂ!'ﬁ 237.7 205.9 48.2 im:i 4 0
gzlif 263.0 233.0 47.8 3 1
H’E’E;f;jﬁ 218.0 178.0 55.0 4 2
;;gﬂﬁj% 309.0 309.0 103.0 — —
m?ﬁgi‘jﬂ 290.0 265.0 48.0 — —
szgfgd? 250.0 250.0 63.0 A4MNEF 4 0 ;,Téi
giggg 240.0 240.0 — 5 2
Jrﬁfﬁf 225.0 196.0 55.0 0 2

IR 7R R BRI R TN S BRSP4 3K A
SER (LI 11) SR A N R IR 2SI 50, 1%
T H 2 sk RS B2 45 M I 3, Bt At 1w 5 &
T AR E PE IR PR RE ; 700 T3k LR T
SOk IR 7 1 AT AT R A5 A A R R TR
22 PRUENE TAS 2% 500 H 3758 A B M T
TR R A MRS E B i, s e LR A
LRGN 5 A TN 7, BE R KBRS /N4 4 A
PSRRI, HAh ZIH R A T kA
PEATHIC AT bR T 45 M e sk B A e i 62 8% A
LI 3R AF A B 2R Y

B 11 LR ERA = R
Fig.11 3D model of Shanghai Pudong Football Stadium



2025 No. 20

AEAN RAE  FURMMS SRS it T 5 PEREDT T 2E 7

TRM AR O T 2R LT MR FRF- i ) R
RIS 2L | 2 AL SN R IR 2 A i
JR w AR FEROR, SR 3 AR 1 ARABHE Y 3L
P70 R BT ) AE 24 55Kk %, PR IE
T AT ENE L 2

KRN AR v O IR 2R L TR A - 1 1) R
AR RIRE L5 (DL 12) | IX R G i L= A%
AP/ PRI AR ) 28 7™ A 9K g, it H 2
FE KBRS 54. Im, & —TUEA PEAME A G TAE
5o NBRIREHIREE PR, SR T 3 ARIEHE R 1 AR AR
M SCHETT 3, I Ah, IR R AT T S AR E M 23 B R
o FENE it A b SR SR DU PR 70 2R ) 42
THRIKA I i o 45 4 RE AR g sl fe i AR, I
Hb I H B S5 AT R P RE 2 B R g 25 AR
G, ad S IR B st B OR T 4 R 2 4 R it T
WD

B 12 MHRERNEEISHETIRG
Fig. 12 Construction site of Zhengzhou Olympic
Sports Center Stadium

EL PG R [ AR T 18 S LA Rk 25 0 75 oK
(AT Yy, FLR 36 4546 SR FH AR 34 i 1) 28 78 I 4%
SEH ., FEIZIE A TR R R AT AR 5 4
WIRE , 38 13 K 20 PR it TR 4004304, D8 Ak B A~ B B
(Rt T 3%, 1 H A S B R 22— 2 ] i 4
TOUNE 7 0 E ARG, e ) e o A 5 245 4 s P o A
WA A B AR T 2R 5K ) AR R e A BEVE L P, LU
B 1 25 A8 fE sk P B v & A AN E 51 AR TR

ECDUAR PG R B A0 SR 26 5 X 3R K 4 24
F TEGEA BT TR T2 43 25 18T BT AU BE A M AR 2 4
P, T X R A2 2058 KU, 5 AT KRR
I H R OE AR Z —, 8 bR A R
RIS PSRBT R T AR R E

T AT HANESRF R RRIE
RN S5, IR BRI W4 25 44 52 F1 LT 5
T2 P AR K220, PR e A B2 X e Az M e AN sk
I AT IR ARFSE . 454 G5 M 0% o 2 1 B e it
T3, B it T X B AiE T A, 40 B v A I [
KRB R RBEWARE S (W 13) %, e
R 2 35 45H % T KT O 5 SR AR A 454

I H A TR 22 BT T PR AT R R A SR AL
A AR R QAT A ) AR TR R R K T R AR R
SERRERE WY OCHE . O i f it T o AR Y 22 A A
RERE IZ0 H A T I gl 28 M I i3 i, S ekt
GEAAEIE RN 1284, 38 X 4 R T B A 5¢
BT SR T, IR OR T 2R B

i g

B 13 FERBEEHEEFZEIING
Fig. 13 Construction site of Qatar Education
City Stadium

It DA 3 ZE 451 3 A AT AR R A 4
SRy — Pl K5 i 2 (B S5 85X, BLA 32 W L A i
S, AN 2SR ZR A% 25 # 7 BT Rt Tl B
TET 65 P 8 5 AN A ) 30 Ao Al At 107 % &
PRSPV RO B 9 15 22 28 ), B (R A S PR
TR RN H
5 HEERFKER
5.1 ity
5.1.1 B0 JIFAT R S S5 5

FIR IS S50 ST AR L phRE () JL A A Y 45 DLAE
15 3 A A0 I R L S R 5 SR, X B B A ) ) 2
150 SN LTI A5 W AEAE e T B B i RS o
SYHTIENGTE Z2XERT RN AR R B AR X FR A
Jr S i AR A B 2% 1 A5 R v R o T A R
PN ) A A 5 AR IE R R R S R iR
RRUCE R 4 ) 8, DA KRR B 05 A ], H
ANFRIN 4 25 ] it 1 5 KB Pk Al ), SO0 45 48 7 XU
2B A AE 2 T I 2 e o S 0 v B R Ak
SAWENE,

IEAER , = BB AU 7 3 1Ay i e 3 — A
BT B, A3 BRITH: (FEM ) 78 2R 7R A% 45 46 43
Bz R L S A 2 R E T EOR | g
% EEATE ) 2 AE R T 2 R
BRIMR RS 91 G, 7 T Vi IX ) K i B A SR
3 3 I R 5 0 BT TR TS DL XU AT 28 0) 465 ) 1 4R
FH, R RBE T4 B TSk . R, PRl = 5
H5REIRFARMNE R &R, T =0 i AT AAE
ZRAG DAAR RS0 3K RS A PR T A A g P R
fife, R BESR TR RCR SR B flan, AU =3t
SR 15 60 KA ZR A 48 4 i AT 4 RS, 3



8 il TR (R SC0)

5 54 8

SR TR ROk 1710, BRAh, B BRI TR
TESFBLTT h dr 85 Sk, B AR B0k R OISR
VA BT ) 4 SR TG, REAE IR PRl 1 22
PERERRTHE T, S92 BB R ] B ARG A 1) 5 45 14
SRR W BT, T R S g R R A
XL
5.1.2  JpeAtEREANHI E Tk

FOR ARG 1 AV ERE OB E 1, 2T
JUITIE 250 22 PR RE 25 IR it RS BE 38 8 25 I
R, TEME T AR b, s A SR LR 22 | 225 i 22
S YRl BEBUI A5 AL S B J LR 28 5 B AL ™ 2R
s, HET R S5 4 2 0y Bk AR 5 A e RE . TR R
PEREDT T, SNAF DL AA SR | S A5 S A
TE—E B B, 76 A ) fr 045 R, 38 W] RE Hh B
RES LG 1IN 1 4548 Ty MERE A AN 2 1k

BEXEIE— [RRE, W] MR 22 73 B 5 42 il L AT e
BT A T ERE TR B, 5L Rk AL s 5
SEI I ZR BT, R T T AL RS A B S AT
ARSI, 35 F R R 2 UE D d/ D TRk SRR
i b R SN B TE i TR 2% B DR A A i o AR
IRAAL T AT IR o AN, 78I IR ZR 7K W 6 45 1)
TR A AR R R B T R I
PR ZE RGOS B2 I I, A A50kE 5 1 ik 22 RS2
BER IR, AR TSP S, TR S B
GEit Iy, BN A5 H T SE M O AT AL RL 25 R R
A JLAT S B A 280 S5 AN PR D R i SR %
ASAEL W) 17 T V5 45 T Bk 1k 25 40 2 AR 4R e G
B2 28, G BB S ITURIE, #7145
TEIL 2R 2P T Bl SEME SRR
5.1.3 dARE&MEAT N SRR

BRI WM S5 AL 7 e B 300 8], 0 HG R 08 38 A0 S ey
(AR R ) B TARRIR T (A Tk BB
BO I 25 5y S B 3B AR T O B G A
BHELNE (BB T i LR AR ) 5 LT IR (R
AR SR ILITA TR ) | AR Ge ek B T ik X L
RGP R, TERES RS THASH 7850 K
YERIR S5 M T e AR R M 57 I | 5 LA 1
WA, 5 TSR T ZR AL o A 5 ik, 7™ E AR A
AR EPRZ Y S e SR 4

AT BEIRT ARG AE L AT o 5 R IR, R
ARIE S BT E0 R 55 E I 3 ] 52 AR B BIF 5 AR
TERAEIE S A 75 T, K FHHE T BEHTHIAS I H 2% Total
Lagrangian ¥& AR L ME A BRoC /0 A 3, GEAS i 58
ERESHTEAT B RE T R I B, 52005 A RHE
L ME S U ARZAERE 5 200, A, X 3R A 2K

DO 235 ) AT 1R i 7 4 AT ) T AR R A PR T
Bl MERR B R TS5 M e RVEF P L R S
EIRE PR B AR T ORI, BaE
o7 s o 2 A D B i e A 00 5, 3 ok R R X
SR T S8 R D R SRR AR AT S AL 5 I
i, e Tak # b, B AL RS W ) A% s 5
BRI 25 49 28 T8 5 P9 07 Bl | 28 4 i 45 40 A Ak 2
IEREEILE T ST S E SR SET ST S|
X G RG) R ABTE WORG HEFE 1, A O bk 4548 e A2 5 1ot
JEEARTE KRG, A o it T3 e 224 T kit
5.2 JE 7
5.2.1 =AERE THA

FAR RS S it TR B SR A =, TN g it fin
SRRk 7 45 R A O 25 08 0] BB 5| & 45 4 AR I Kk
¥ e E e R AR IR e R S R R M
KA TR PR R T 25358 1% , vl e T3 451
KRR FE AL > 10% , W52 4 52 EL A,

Shri R R Bt TR, R AR AL E TR 55k
HERFTH R B O R T, B BRI E TR AR
MRFE = AEBOCAHE I 5 A8 40 {3055 Vo h B 0 i
#4540 BIM (S BAEA) H0R by gt 10 72
SRR S5 R R SE, A = AE RO i R A
My Szt = 4R | 55 BIM BRI HE AT F X0 Ar
PRSORG T T 22 , 48 2 I it T R i
4N, e R AR T 18 K A% 25 44 it T )
FH =B £ AR SEE0 T X9 0507 B = oK Bk
JEE W iff R TN B R TR FE S R
AT m L BEE A Sk B Re Ak sk P &, inSE T
REFE B IE I F shik b R G, BEMKHE T 9K P AR 7
L E R KB TE A= S A VS NG S A=D1 = BT
SEIRRL AR SRR R B AT N, A Sk e PR R RN 3
S)SE AR TE , IRIEE A Bh R 1 R 1 IR A
s W A AR AT 4R P R AR, S A o
TR AR PR FE 5 0. 5% LLIN , N 2R 7K M 6 45
4 vk B it T b e S AR PR
5.2.2  ZBrBuit Tad PRl

FRA WA 285 K it T AR 2, R o T s A
R KA TN S it fin 5 OG5 B Be, 4% B Bt Tk
FEAH B OCHE A E 5 0, AT — 3095 B iR T i
X} S5 S T S S5 A0 B AR PR R = AR PR Y N, TR R
W KR B B, 5 sl PP R A B, BT RE R EUR 14y
ATANYE) | TR M 4504 IR S 32 T RE

R SEBRZ My B it T e R ) v s TR s o, TR
FHAT B Beds il 5 8 5 SR ms | I R B il A it T4 B Ak
IR, FE5T B B il Oy 1 AR H e T B 5 2



2025 No. 20

AEAN RAE  FURMMS SRS it T 5 PEREDT T 2E 9

FAI3Z 10 5 W B A il T e R R o R o A By
BB RSB BEHR T SR G0 A T 2 R R
BRI, 3 it TR AR R A R IT
A X A% it T B BE R A T RSB AR, H i 9 g
PROA [RI AL, i 1T AF O N 2 TZE, i, 7 R AR
TR A 5 Ry it T ABSAUL v & B9 it Jin A B 45 44
Jry N 3 B v T L 3 3 A A R 7 it B 5
R AR T X R, TR TR B AL
J7 T, 51 BIM HE AR f it T4 R A7 A A
&, 800 TR i L% E BN T BIM AR
v, SR it ok R A T AR RS A AR A L, £ Bl
G TN 5L AT SE R R U T A5 B, A B AL
IR, DU A TR TR 22 HE B DR A5 i T B B R A A
2 PRl P i T AR S i
5.2.3 Mo T APk

BB ZR AR AS ZE A I H A7 TR i H SR AR IX
S8, s XS A B Y Ve L X MR T R | 7 TE T AR
X5 B B A SRSt T R 5 5 4 e 4ty
KM AE VU 5 XD DX TR 5 XU AT B
Bt T A5 SE 3l A5 A AR 1 7 A 0 A% | 38 it T ¥
JE 52 4 JRUIRS 5 7 b it T B, 5 7 3 b R X TR
LSRRI

B e B i A 35 il T X AL, ] DA A5 3 oy M 1T
S ERREZS Rl N Wl TN S €287 S S TP IV
W71, 5045 60 B BT 78 i) s S A,
PACZER T I 56 AR KU DX, SR FH I 26 7 25 44
SMERET, REARRUBH 22 55, 48 25 44 0 XUBs e M 5 3
FHE SR EE T S i bp Rk, SR 5 7R S A T 1Y
it AP, FEHLRE A 8 AL Z A A B iR SRR
R B AR, PR T A A PR R R SERT AR
N2 250 D03 3 5 A TR I 6%, %o A 58 S 40 (an AL
R R R MRS SRR ) AT AT R AR
5534, —BIRBESH0E ik e, RS0 Bl &
R TR A Al TG T R S TS R it Tk
JE BT A5t T SR BORH Iz o 1 5 it 8 O it 122 4
He5t i ar, B, 78 5 0 i 2 K I k% 25 48 i 5
rv 3 A S R T, A R XK I T S B A 1k
AR, e e A e A
5.3 FiAEL CHrEOR
5.3.1 HrBdk RN H

PEBEAT IR 1) G & — R 5 P B
PR KHIR B, R 2R 7K A% S5 0 1 e $2 7+ S5 8 &
AN 1, o B AR AT A L S Y
ERIE, AT A0 N 25+ R A T R 98NS A
H L, 7E K5 B 2K S 45 0 v B A T e g i

B, RHE IRGE 3K 1 000MPa (148 i 55 5 40 A7,
ARG MM, v] (2548 FH AR 2 FAIK 20% ~30% .,
BRELT AT B WP R ICIC & 4 27 4 R 47 4845,
HLA AN AMB R | A N R SRR B
Sl AR AR MRS 5K | ] S PR 25 R4 6 5 s I 5 PR g 2
AT, TELGER SR AT AR & S 4T 4k,
B Rk Ry A A B2 T B BUNE B0 2 N Wl
LRI R T W ST B S, 2R
Y53 G PR A i R B | AR T el |
97 5 e PR R, BN FR WA 25 K PR AT A A
PR AR B, il I RREF 2 52 S A R R, ]
BTE-R - E A& AR () b X (352l e N
B, 7E 3 KRR E 08 2ROK W% S5 4, R FH ik
YA IRLR, PLER A TN 70% , 11 K 3K
J1RTE 30% LI L,
5.3.2 e SR RE LR T

AL SR BE L AR (3% 2 & e, 1 TR 2078 4
FORMAS AT S5t T A, BIM BT R
AR G504 4 A i JE 3, S B0 it T B2 2
W SR S EMAIE B, FET T B, B BIM =
Yef AR SV AT B0 R 45 F SR LA I
B, 2 Bk SO i A AR
Pt TS UL 45 T B, #2050 T Y )
DB AR T S TR T, FEME TR B, BT
BIM A5 AU it Tk B A B PR A P 2 i A%
FRALY- &, S Bt T & T M4k | K 40 Ak 5 B,
FIF BIM 59EE M E AR RS Wi T34 MRk A
A GRUR AT S WA 5 S A TR B, i e T80
e, KBRS AN TR RE (A AR N R R %
SEFI T it T A 5 O 0 B A BRI e R SR
SCRE, I R TR SR E A | WA 42 0
55570, FI R AIL 25 27 > B0 o 57 45 # M Al 7500 A5
TR it T XU TP A S TR 46 S B 45 ) P R A A 3 U
it TR e T, AEcitboeferh, AL SRkl ik
BRI A, B3 R st o 8, e ik
TR S e, Ban, A A BB 45 (GAN) 4
AR S B (8] P9 A o 22 28 7R A% S5 A8 AT Jm) 7 58
BRI IS 2 k4
5.3.3 WHFER RS AR

FERERT L R R SRAANOHE R T, R
TR A% S5 7E 5 BE Bl HE AR A5 Ty TR SR A
e, EBTHERY AR S 00 1% I U] 5 AT (]
W AT AERR I AL R, A S T AR R AR, R
T REMZS R R S s it AR 50
B B B RERTHAE . 7 B 2R R W A% S5 44 v 3 3



10 s THAR (330

5 54 8

ekt RO Bet, 580 M A 2RO, Wi AT
HEBHBEFEZY 30%, TEht Tad v, e SR it T4
AR SR e =it 1 7 D it T30 A e SR 3 Y
PR IR TG Y A PR b T R A it
TREFE SBcHEL . TESS 14z 4R [ B, A R A8 i
RGN AR A A g AR B, B i AT 9 AR 57,
FEA S48 fefT ] A i, DD BEURR B [, B AR
FAHGRKPARE XBESE AT F A4 REIR B R 5 R W 4 25
MIARSS G, S SN RE R H 45 B 2, S AT 42l 3R
RIESRMHBRAZ . BN, 75 ZR 7K 0 M 45 4 Ja2 T 78 1
RBARESCAR AR, AN AT Ay el 4 IR 43 v g, 3E i
AR R TR | U2 PR iV BEFE
6 %iE

1) ZRR P A% S5 48 19 B 3T A% O A T i $ROE 4%
JIREE AL 52 5 IE S R LB RS, IRFEAH
FRICI T B, Bt b ifs 78 73 9 A LA R 2 R AL
JOE SE A N RS T 4 R 5 AR A A 1) P [ 2
T3, A Ay A A 5 9 A R R IR R AR E B
Ao YHT EES I ARES R e B
PEFHRIIRE E  (H R XF 300m LA 8 K 85 254, &2
Yy o (CAMIREE IRy 28055 45 M i 17 ) 52 L ) 1Y)
F AL ERAT) R S, LA RS M T 2 ¢ T 00 T 1Y
VIE=GW

2) SR IR E VA Had ] T 52 A a5 14
ERAS S T .35 5 T SO I sa it UL g A
P I R MR BEFR AR T RAR | (H 22 R JORS 20K
Xop it A s 4 L s PR R, MR, 4RO
S A B AR R S I 0% 25 1 3 AR WS I (AR
Ui R T (Ansm XL i) B9 I 1 R R AT AN
o RRFLEG BIM 5 A TR REHOAR  # b T4
AR AR A R G, S 2l 21 e 3 3 Bl iR 45 1Y
T,

3) PERE BT & IMAE GE Ry ) RS E HEIFSE, A
Je& 2B e B PURE T e B it TR 2 MR A AR Y 4
HEFEVPAN . AEL I it o B A BRI T AR R
KGR, 52 R PE 1R 22 M B TR Ak 17 it T
ZEXFEERPERE R, SR, JCBR Y AR AR L kAT
NIRRT 57 ) LA 30T iRk
ARSI FEATS 3 355, 5 A SR g B it L s 4
(4 A A TR PR RE PPAL AR R | R 4l 2 2 S R K
PR
SE
[ 1] ZEA, T4 %, % B Mt R EiE S F R ERA R

RIS LR S e [ T]. EES4E 4 ,2019,49(12) :53-58.

LI Z,WANG H J,TU J, et al. Steel roof design of spoke-typed

cable supported lattice structure for the main stadium of the

(2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

Seventh World Military Games [ J ]. Building structure, 2019,
49(12) .53-58.

R, A IEBTR, A5 B 1) R 2R 00 A 45 1 T T 8T
CHEBORBTFE MBI [J]. US54 ,2014,44(15) :36-40.

SI B, WANG F,XIANG X A, et al. Research and application of
critical technology for the prestressed design of ring cantilever
cable supported latticed structures[ J]. Building structure, 2014,
44(15) :36-40.

AR BET ISR T A PR E BRI AR 45 F e 5 T — 1k
PEBIFFE[ D] . Bt AR, 2018,

ZHU F. Research on the integration of design and construction of
ring cable-supported grid structure based on scaffoldless
construction[ D ]. Nanjing: Southeast University,2018.

T TR TRTE K AR B 800m B THES FY 1k RUAIT ST 5 A0
YY), AR, 2017,38(1) 2131,

FENG Y,XIANG X A,ZHANG H F,et al. Structural selection
and discussions on 800-meter span city domes [ J]. Journal of
building structures,2017,38(1) :21-31.

XIS, TRICAR, B DS, (R 340 4 20 AR o 251 i T
FUSIHTLI]. HESLEH ,2021,51(S1) :2213-2218.

LIU Y Y, ZHANG Q L, LUO X Q. Construction simulation
analysis of spoke cable-supported grid structure in stadium[ J].
Building structure,2021,51(S1) :2213-2218.
XSO, T, B, 4. R 11 22 % 7 O A 45 4 T8 17
BT HARBETI )], EREEH 2441, 2020,41(5) :23-33.

ZHAO W Y,MA T,LUO B, et al. Construction technology of large
opening spoke-wheel-type cable supported grid structure [ J].
Journal of building structures,2020,41(5) :23-33.

JEa: . AR 2R IO A 45 ) 1) I S AR TG BEB R SE [ D]
B AR R, 2019.

GU H. Research on key technology of non-bracket construction of
annular cable-supported grid structure [ D ]. Nanjing: Southeast
University,2019.

EFHW, R, XA RIF TR IK RS 454 T R W &
SERTLT]. @SS ,2023,53(11) :130-136, 148.

WANG X L,WU K K,ZHAO X L. Analysis of cable breaking in
construction of large opening cable supported grid structure[ J ].
Building structure,2023,53(11) :130-136,148.
TRTIL, B, TRRAL, SF . N R ER 2R K AR £ A K 4 58 S
TR T M ST L [T]. AR R 240 (A Rk
W) ,2021,51(5) :776-782.

ZHANG N Y, LUO B,ZHANG M Q, et al. Stability analysis on
tension completion state and support scheme optimization for
cable-supported grid structure with internal compression ring[ J].
Journal of Southeast University ( natural science edition) ,2021,
51(5) :776-782.

XIEFER. PN R B R AR S5 4 14 7 2 P R R T 4
SMTRIEFE[ D] F AT AR R, 2020.

LIU H X. Research on the mechanical properties and construction
process analysis of the internal pressure ring cable supported grid
structure[ D ]. Nanjing ; Southeast University ,2020.

TREEAL. N R IR AR O R 25 R 1 RS 20 A b7 S 3 e v
B[ D]. ma R M R,2020.



2025 No.20 FEAN QA BRI S BT it T A5 VERERT TE it f 11
ZHANG M Q. Fine analysis of internal pressure ring cable cable supported lattice structure of free form surface[ J]. Chinese
supported grid structure construction and anti slip test of cable journal of computational mechanics,2015,32(6) :739-744.
clamps[ D ]. Nanjing : Southeast University,2020. [22] ZU K, LUO B, HU Y H. Research on mechanical property

[12] XU J S,DING M M, LIN Y, et al. Study on error influence andconstruction technology of spoke tension structure with single-
analysis of an annular cable bearing-grid structure[ J]. Buildings, double-combined layer cable [ C]//Proceedings of TASS Annual
2024,14(12) :3750. Symposia, 2022.

[13]  FEEAR. JCLr el B AR R RS S50 0 A8 A2 I8 e il vh [23] ¥z, B, A8, . ROT 1 4 4R U R AR S5 4 b 1
PN D . K%  RIEHL TR, 2019. HZ NP AEIE BT[], @B L5 % i, 2019,40(3) ;
YUAN C L. Fiber optic sensor and its applications in strain and 69-80.
deformation monitoring of cable-supported grid structures [ D ]. FENG Y,XIANG X A,WANG H, et al. Mechanical behavior and
Dalian ; Dalian University of Technology,2019. form-finding research on large opening spoke-wheel-type cable

[14] KIM H, RIGO B, WONG G, et al. Advances in wireless, supported grid structure[ J]. Journal of building structures, 2019,
batteryless, implantable electronics for real-time, continuous 40(3) :69-80.
physiological monitoring [ J ]. Nano-micro letters, 2023, [24] HUANG D W, WU F,ZHAO Y L, et al. Application of high-
16(1):52. credible statistical results calculation scheme based on least

[15] 29, B4 ik, 4. SB-Lmit B 458 & Ry NEs =R squares Quasi-Monte Carlo method in multimodal stochastic
NG TR T ] . B 454 ,2019,49(12) :59-62. problems [ J ]. Computer methods in applied mechanics and
LI Z ,WANG H J,TU J,et al. Construction simulation analysis on engineering,2024 ,418:116576.
steel structure roof for the main stadium of the Seventh World [25]  AvHbVL. KIF O 448 R R WA 45 #3581 5 it T.— IR L F
Military Games| J]. Building structure,2019,49(12) :59-62. FE[D]. EPE HPK2E,2020.

[16] i, mfR , FA4H. KIT H RN R AR 45 K 1 PERE YU J J. Research on integration of structural design and
Wi RIR M [ J]. BSR4 224 ,2019,40(3) . 81-91. construction of large-opening spoke-type cable-supported grid
FENG Y, XIANG X A, WANG H. Static performance parameter structure[ D ]. Chongqing : Chongqing University ,2020.
analysis of large opening spoke-wheel-type cable supported grid [26]  RIL KIF O K B A% S5 09 s L 5k b 8 3004 B 5 1
structure[ J]. Journal of building structures,2019,40(3) :81-91. MDY, 22 22N FE T K22, 2021.

[17] R, 950G 5530 R P 54 52 03 1tk B3 90 Mo A BRJT 43 WU K K. Simulation analysis and monitoring of construction
BriJ]. EESREE SR, 2021 ,42(7) :65-75. tension of large opening cable-supported grid structure [ D ].
WU Y,SU Y. Experimental study and finite element analysis on Lanzhou ; Lanzhou University of Technology,2021.
mechanical behavior of suspended reciprocal grid structures[ J]. [27] SHOAEI M,NOOROLLAHI Y ,HAJINEZHAD A, et al. A review
Journal of building structures,2021,42(7) :65-75. of the applications of artificial intelligence in renewable energy

[18] Z=5i, 4G4 1Dk , 45, 800m K5 5 M AL T 28 R K M 4% systems: an approach-based study [ J]. Energy conversion and

SRR E RSB G [T]. 25 45k ,2018,24(2) management 2024 ,306; 118207.
29-35,28. [28] LUO C Q,ZHU S P,KESHTEGAR B, et al. Active Kriging-based
LI Q, ZHOU X H, FENG Y, et al. Cable arrangement and conjugate first-order reliability method for highly efficient
parameter analysis for cable-stayed and underneath-cable structural reliability analysis using resample strategy [ J ].
supported megagrid structure [ J ]. Spatial structures, 2018, Computer methods in applied mechanics and engineering, 2024,
24(2) :29-35,28. 423.116863.

[19] ZEi. 800m FE A HE B H AU BHL R 28 R R % 25 4 i 1 S A [29] GONG H M, XUE Y G, HAN M, et al. Large deformation
/\HL‘:’H:E}%[ D]. PR PR ,2017. characteristics and mechanism analysis of excavating shallow
LI Q. Study on static and stability of 800m super large span cable- buried tunnel in reclamation areas [ J]. Bulletin of engineering
supported latticed structure [ D ]. Chongging: Chongqing geology and the environment,2024,84(1) :26.

University,2017. [30] GUNASEGARAM D R,BARNARD A S,MATTHEWS M J et al.

[20] MR afED, Jr i B, M BEAR P AT SRR R Machine learning-assisted in situ adaptive strategies for the
HRAR ZEFY AT [T ] AL ,2020,50(21) :31-37. control of defects and anomalies in metal additive manufacturing
YANG S Q,ZHANG H Y,FANG Y Q, et al. Analysis of spoke- [J]. Additive manufacturing,2024,81:104013.
typed cable-supported grid structure roof of Zhengzhou Olympic [31] ALATHAMNEH S,COLLINS W, AZHAR S. BIM-based quantity
Sports Center Stadium [ J ]. Building structure, 2020, 50 (21) ; takeoff ; current state and future opportunities[ J . Automation in
31-37. construction, 2024, 165 ;105549.

[21] B, SeE wrids. B o il i R AR AR 25 46 /) & B R AL [32] FAN Q H, DUAN H Q, XING X J. A review of composite

-
BT )] %4, 2015,32(6) < 739-744.
SHAN Y L, WU H, GAO B Q. Rational cable location study on

materials for enhancing support, flexibility and strength in

exercise| J |. Alexandria engineering journal ,2024,94:90-103.



