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Fig. 1  Plan of the roof structure system
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Fig. 2  The position of the measuring point
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Fig. 3 Schematic diagram of the test joint
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Table 1 List of materials and equipment for testing
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Fig. 4 Test devices for the cable clamp joint
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during the static tensioning stage of the experiment
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Fig. 8 Jacking force-displacement curve of the cable clamp joint

DAES — NP5 R Z 0, WK AT GO A 7R
2y, UEWT G I B T AE 3 /0 T R e FLE 5 i 2R Y i R
WHE. B PP RZE  RIIF RS, K I
1 g 5 3T R e FLIR 14 7 B BE A T 0 (4 14 L B
LB 4G Ko AE A T 4 2 i o 5 R A 2 3
RIHTYI I BT, EL il T AR K B 472 B B K T
J1 8 G/ T B R 32 B I R )00 iR Je AL
T RREL R 22 [0 A PR 48 T s o BT LY e R R A
SCAZ BB BT V) 3 A I e A X 2R e T
(1% 5 I 1 T B A TOUHHE 0 348 0 38 o e A, 5 2> 1l
e T 1) T gl , B8 TAE O $)35 500 kN, BIVIE
B — A3 U, RN R TR T, R T
At 227 AR I L3 3l U0 B I RS R I B 3k
T BB AR R R g

2) KR A ER 1 ME (500 kN ) I 5 5k B A 14 A Ak 5%
[ 7 23007 24 (180. 136 kNG A K (1), AT LI 45
328 5 2R e 1 A B AR N FR e 2 1) 1 B 4 R ROk
0. 165, 1y Ji7 £ Ho A 2 U 20 i R Je 35 a5 0 T4 4
FEE R R 2%

4 MEBBEARBENAELRERIT LS

5 1 X2 e S P B R 3 A R TR Y
EANX,EHNEES % JTG/T D 65-05—2015(2
PR R MR HLIE )R T/ CECS 1010—2022 (¢
SRAR T ST AR R ), B A 32 B g — il FH RROH
A TR A R AR A 3R 50 A R T
R VERE ST e U /NS WD R R = R Y [ R R S
SF LT LA AR £ 2 3 38 2 00 AN A R oA LR TR
MR ARE - BARA R RXT T,

46

D AE T/CECS 1010—2022 #1715, 144
it:ﬂ‘j
u Py,
ES

P =(1-9,)P, (4b)

KR, R BB RE T Ny, N RIS
WRRITRE R e R85 65; P, hEK I
JUT A e 5 R R ) 4R R T ) 2R NG Py, R
T e i EE SRR A R [ ) 2 N, O R R
AL 3T U 2 B, B 0. 25~0. 5551 KR I 5 & K ] (1
SR R R R AMR IR H R 0. 2,

B I A R B R 7 180. 136 KNAR A (4)15 .

o e
uli 5 02X 6180136 ) 0oy
- 1.65

2) AR HE RPN G EN 1993 —1—- 11" 317115,
AR

R,=2 (4a)

R, =2

F <(FE(1L+F,-)U (s)
o Y vt

K e Foy NFEAT T 8R0S0 380 15 1 3 T 45
Fro N TEEH TR0 BT 48 F, o8 AT
AE W A Y A28 1] e K 0 5y, O B B 0 AR B, IR
1. 655 u R R I 5 R MR Y BE 82 R 40, B 0. 1,

L R o MR A R0 [ 0 Ty 180. 136 kN, u
0.1,/ RAK(5)H:

(Foy o+ F)u 0.1 x 6 x 180.136
Yue 1.65

3) M4 SCHR (5] b 32 3 i S Uk A7 3 5
Wi

= 65.504 kN

F,=2unP a,b, (6a)
a, =-0.0023D + 0.7983 (6b)
P PO RGO IRE T su BRI LGEE E
PERE 0. 235 n IR R P, R SRS IR AR A IR
B ) a0, WRBEL W RE b, R I W FR
¥, 24 & K L<360 mm B, B 0. 835360 mm< L<540
mm 5}, B 0. 9;L>540 mm 5}, B 1. 0,
AR A 1 50 00 2 R R ) 4 SR R ) Ok 253 kN
SRR HCR 6, 1UAR(6)75
a, =-0.0023D + 0.7983 =-0.0023 x 125 +
0.7983 = 0.5108

F, = 2unP,a,b, =2 % 0.23 X 6 X 253 X
0.5108 x 0.8 = 285.345 kN

4) R4 SCHk Lo ] b 42 2] 0y 5 Xk A7t 3
B WS
F,=nuP, (7a)



R A0 7 T BRI W B R R I R B g W5

P, =y m(P, - AP) (7b)
AP = AP, + AP, (7¢)
AP, =vy,P, (7d)
AP, = y,P, (7e)

K F AR RIS RKET) 0 I RIT RRE il
TR — N 250 MR A EEE R B B0 225 m o h
SRR R P, Ry R R B T Py
SR MR R T T T 5 AP Ry v o R R PSS T G {
AP, R 3R T30 5 | S 1 g o B TS R (E 5 AP
Shy v R B [ B R A Bt R A TR IR sy, N
o i M R A B AT R A, — M R 0. 1, R
it b 2 g R AT, AT R B O WL, i Ay
10%, B 1.1, 47 Bl B rp A 8 /R 22 22 L 0. 95y,
k&R BN RNRE 1] g7 225 R A TR ) R R AR IR
FE ¥ K B 0, 422 B X (8) TH 33, 4 MR AT v 1 R B
HLA5% 5y, R R R AL ) B N ) R i R B, B 4%
_ 50AFE,E 1,d° (8)
E.RP,(10E, L1, + 7wE,d*)

KoP B R i S AR B AR ) AR e
R LA S AR AR F s RO PLR AR AF N
SRR TR S PR R B INE L RALE K
R AR R AT K (R I R RS FIRT
e 2 18] B SEAT ) 5 B, g v o MR P R d
IRFF EHAR

R A5 3 56 2 00 7 o MR ) 4 K1 1 253 kN
SRR ER 6, RAL(7) (8) 1% :

Fo=nuP.=numP(l -y, —y,) =

2% 0.22%6x253x(1-0.45 -
0.04) = 340.639 kN
B B PO B R IR BUE S T 2,
®2 WEBRHEAEML

Table 2 Comparisons of anti-slip capacity values kN

Y2

kI B BRI H
SCHR(3] 262.016
SCHR[4] 65.504
SCHK(S] 285.345
SCHR[6] 340.639

A S 500.000

X F T A A 9 | TRICU R 9 R A% B T 528 5T
PAAS 2, B AT 0 H 2 R RS, 2 kR
H 2 2R T R 5 SR g W S B L AR T B 45 SR AT
R AR A BRI o L8 Lol A, BUAT A BEE
ARG R R T R U RN 20 e S TR g R

45 ] LLUBR deg 3 AR e N A A Sk TR T AR
Hh R L 22 ARG, O JHG A ) 2K R Y TR A5 R it T S
SE T A

5 & it

I KR R BRI R R A Tk
TP B IR RS T R Je7 & L w4 %
7] 77 B 458 2 0 TN 3 I a0 T RS R AR L AR 25 1 B
PITF 458

1) TH 5 Y 5 o IR 47 B ) AR T S g B
KA THENERE DA, Wy EhmEE
1200 N-m A B35 BB 7 %5 7 253 kN, B UE XA
TEIHEBEALRSHME. HEmEmeEE g
FEAT B0 B TR 1 B B A T AR B g iR R
e B SRR T 1%, J9 225. 17 kN,

PAEAC I STANE ST I T Y LI DA RS
PR T 17.8%, I B ovR OB R RO ) fH K
180. 136 kN, FLR ARG T2 B 2 it il oy iR 8 A% K [ )
Pk ) E B A o BB R AE N 62%. BfE B R K
Py 326 W AR R, g AR AR /N T B0 R AR AR 1 K [
VRIS /N, U B e ik MR R K [ T A0 K 5 R AR 4 A
R IE AR OG

3) MR 9 3 6 45 T AR BZ BT R e R ey
AR HLIE R R AR S 9 500 kN, MR (1e) i8] L
HENRI SRR Z MM EEZRECR 0. 165, 5 H &
FUVE AR A7 e 25 5, A S 56 15 21 9 B8 T8 4 b i
ST AR TR B 52 PR T SRR A EOR

4) %5 L AT B R A S 0 e T A U
TR 25 R & B, A5 B0 PO RS R 4 ) B R O R
S, SE PR TR R R I SR A 5 A, AR
SC T AR 56 56 T 1 T A AR A R R e T i
B SEBR TR A Dy T ) A P RE K, LA T EE A
A 2 SR S bR TR B BB M

&k

(1] BR— RS, sk, 45 R IE MR 03 2 BRI B 45 A Bt [ ).
AL, 2023,53(18) : 75-80.

[2] A IR R ] 3 3l 3 i . A R R AR B AE - JTG/T
D65-05—2015 [S]. dbat: A B A AL B0 A7 BR2A W
2015.

[3] b TRAEB A & . SRS B AR T
CECS 1010—2022 [S]. b0 @5 Toll ih Btk , 2022.

[4] FEuropean Committee for Standardization. Eurocode 3: design of
steel structures —part 1-11: design of structures with tension

components: EN 1993-1-11[S]. Brussels: European Committee

47



NS, SIS (TP DESC) ,40(4) ,42-48,2025

for Standardization, 2006.

AN T.,2021,43(12) :2639-2642.

[5] EEPR.XVLH, PR, 5% mEREIN P BEmE R [11] Bk, E6 AN, 5. %X E TR A EERILR
KRN S AR gE L], 23 (Rl 4546 ,2022,28(2) : 63-70. [J]. HPRE K24 ,2012,35(4) :65-71.

(6] 24 . Wm0y 4% B R -R I 5 1k 68 5 B At 56 B 5% [12] Btk REEMBERRIPUE BB [T]. TRV T
[D]. %I : ZRAEKF,2017. £,2019,28(1):36-39.

[7] Miao R S, Shen R L, Wang L, et al. Theoretical and numerical [13] AW, 250 W], B el . ML R E O R 5 AR AT AR
studies of the slip resistance of main cable clamp composed of an RIeP BB [ T]. #ERLEH,2017,47(21):20-24.
upper and a lower part[J]. Advancesin Structural Engineering, [14] BRI fd BT 58 B0 Nk g X R B4 40 &R Je 1y bt
2021,24(4):691-705. PERE BT[], HESA L5124 ,2013,34(5) : 27-32.

(8] Wkl 2 3CH e, 45 . B HURRIKE B R)Z RN [15] kg & JRR), 758, % . IR E B 3 3 R0 B ae 5
[J]. MG H (R 3 30),2023,38(10) :42-48. [J1. &)@ H & ,2020,46(5) :53-59.

(9] BUEM BIHIHE, 48R, 5 IR AR IR T R I 2 19 [16] Wang Z Q,Han Q H,Lu Y, et al. Anti-slip performance of cast
WHoE )] AR E# S AR ,2013,35(8) :81-83. steel cable clamps for prestressed cables [J]. Structures, 2022,

[10] 25, X0 W], X 45 HERR M\ BRIRBTR(]. 46:353-368.

Experimental Research on Anti-Slip Performance of Closed Cable Clamp Joints in Dalian Suoyuwan
Football Stadium
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Abstract:

Due to the advantages of reasonable stress performance, light weight, high strength, and beautiful structural form, long-span
space structures have been widely used in many stadiums, exhibition halls, assembly halls, and other buildings. As a large-scale
civil building, Dalian Suoyuwan Football Stadium features a cable-truss structure with a four-center circle in plan. Its upper chords
are obliquely crossed, while the lower chords follow a radial layout. Compared with conventional spoke-type cable-truss structures,
the football stadium system demonstrates improved in-plane stiffness and overall torsional resistance. Because of its complex struc-
ture, the lower loop cable needs to fix 8 cables and other lower-chord radial cable members. To meet the requirements, a 125-mm-
diameter plate press-fit cable clamp joint with six high-strength bolts was designed. Two experimental studies were carried out on the
designed cable clamp joint. The paper investigated the tightening force loss of high-strength bolts during cable tensioning and the ulti-
mate anti-slip capacity of the joint under cable clamp jacking conditions. Firstly, the cable clamp joint was assembled and left undis-
turbed for 24 hours. Then, the cable was tensioned in three stages up to 50% of its breaking load, followed by the cable clamp jack-
ing until significant sliding occurred. The entire process was monitored in real time for high-strength bolt tightening force changes,
cable diameter changes, and cable clamp displacement changes. The results showed that the tightening force of high-strength bolts
was lost by 11% due to the time effect. The high-strength bolts experienced a 17. 8% tightening force loss due to the reduction of the
diameter of the tension cable when the cable was tensioned in the second step. During the third-step cable clamp jacking, the first
inflection point of the displacement-jacking force curve was taken as the limit value of anti-slip capacity, and the anti-slip capacity
value of the cable clamp joint was determined as 500 kN. The friction coefficient between the cable clamp channel and the cable body
was 0. 165 by introduing the anti-slip capacity formula . The tightening torque value and anti-slip capacity value of high-strength bolts
obtained by the test can be used as the design basis for plate press-fit cable clamp joints, providing a solid theoretical basis for on-site
installation monitoring and construction.
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