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Analysis of cable force simulation for single

cable glass curtain wall based on frequency method
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Abstract: In order to study the accuracy of frequency method applied to monitoring the cable force of single
cable glass curtain wall, based on the cable force monitoring project of some single cable glass curtain wall,
finite element software ANSYS was used to establish the vibration model of the single cable glass curtain
wall under different boundary conditions, and the simulated frequencies were compared with the measured
frequencies. The results showed that the boundary condition of the curtain wall cable is closer to the fixed
ends, and the shorter cable is more obvious;the higher order frequencies (# =3~6) are more stable than
the lower order frequencies (n =1~2). The frequency correction coefficient was obtained by comparision of
the measured frequency with the simulated frequency(n =3~6), and the number was 0.968 calculated by

string theory formula. A modifier formula was proposed, which was suitable for the cable of single cable
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glass curtain wall whose ratio of length to diameter was between 270 ~ 340. The modifier formula was
verified by the bow type dynamometer method, and the relative error of the cable force was —5.4% , which
showed that the calculation accuracy of the curtain wall cable force could be effectively improved by the
modifier formula.

Keywords: single cable glass curtain wall; curtain wall cable; simulation analysis; modifier formula
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Fig.1 The layout of an engineering project
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Table 1 The physical characteristics of single cable supported glass curtain wall

£ 5 SWWMRKI/m HZED/mm £JEWHEHH A/ mm? TAPERLE E/10°MPa  PAG K E i m/(kg e m )

DB-S18 13.886 45 1196 1.140.1 9.98
NB-S03 15.343 45 1196 1.1+0.1 9.98
BC-S56 11.450 42 1042 1.140.1 8.70
BC-S64 11.365 42 1042 1.1+0.1 8.70
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Table 2 Measured frequency value of the cable Hz

S A RBE £,

ES

S e Js S J S
DB-S18 7.6 16.0 20.8 28.0 35.4 43.2
NB-S03 7.0 13.8 — 24.9 31.4 38.2
BC-S64 9.0 16.5 24.5 33.0 42.0 51.0
BC-S56 8.5 16.0 24.0 32.5 41.5 50.5
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Table 3 The cable force value calculated by string theory formula kN

ST MRS T,

N
Tml Tmz Tm?, Tml Tm:'w Tu\ﬁ

DB-S18 444.6 492.6 370.0 377.2 385.8 399.0

NB-S03 460.5 447.4 — 364.2 370.6 380.9

BC-S64 364.1 305.9 299.8 305.9 317.1 324.7

BC-S56 329.6 292.0 292.0 301.2 314.3 323.2
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Table 4 The deviation between the measured cable force and the designed cable force %
(Tmn *To )/To
E )
1B 2 By 3B 4 By 5 B 6 Br

DB-S18 23.8 37.2 3.1 5.1 7.5 11.1
NB-S03 28.3 24.6 — 1.4 3.2 6.1
BC-S64 27.3 7.0 4.8 7.0 10.9 13.5
BC-S56 15.3 2.1 2.1 5.3 9.9 13.0
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Fig.2 The FEM of the single cable
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Fig.3 The comparison of simulated and measured frequencies
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Table 5 The cable force value by modified string theory formula kN

B AT E SR I T,

E

T T 2 T T T s T s
DB-S18 417.0 462.1 347.1 353.8 361.9 374.3
NB-S03 431.9 419.7 — 341.6 347.6 357.3
BC-S64 341.5 286.9 281.2 286.9 297.4 304.6
BC-S56 309.2 273.9 273.9 282.5 294.8 303.2
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Table 6 The deviation between the modified cable force and the designed cable force %
(T =T/ T,

E

1 B 2 By 3 B 4 By 5 By 6 By
DB-S18 16.2 28.7 —3.3 —1.5 0.8 4.3
NB-S03 20.3 16.9 —4.8 —3.2 —0.5
BC-S64 19.4 0.3 —1.7 0.3 4.0 6.5
BC-S56 8.1 —4.2 —4.2 —1.2 3.1 6.0

M2 3 A3 6 (ot He AT 20, i 48 1E 2 a3 R (8 5 5% (8 2 18] 59 22 B 2080/ .
3.3 ZEREEANXAIIE

FEARTR H 1 BRR F 240 I8 7E B3 25 R EL & 00 0 E 38 43 TR 1 P& SR T 5 2 ikt
WA PEAT R R . (H T 502 IR 78 Bk 4 R EEREH R PR R NB-S03 % 5 2 73k
177 M H 2R MR R 377.7 kNI 542 NB-S03 (9451 2 ik 8% B8 & 1F 2 X335 T 458 19 & {8 17
P A B AR 220 — 5.4 % HE AT Z Y0 Bl N L B S 32 i B IE A S T R B s b R A7 R 10
I ATIY .
34 ZEBRBEARXMNERAEZHG

PR R K CREARFXHF R G MR LS R = A, SOP R B IE REUR I T A RGBSR H R
DB-S18 . NB-S03.BC-S64 fil BC-S56 3%, LA | 4 BE R KM L (KK S5 REZ ) 59N 308.59.340.96,
272.62.270.59, BUZME IE A 2GE FH TR 40 ELAE 270~340 B N A R B B S B T &K .

4 i

PAKE SR BB R LR A R HE T A D W50 5, R ANSY S X 555 5 R BE A7 A7 BR T @ 815 2 4
R AR B0 AR o 5 R SR S0 R 24T X He o B AR B R EE IR .



%118 K OFLFATRE RN R R IR & AR 7

DHRER PR RNRK RESSHR T RPN RFAEES LA PR EZBEIS A X AR
BRI R R AR R,

2) 38 3o A ABL R B A R 5 S R S R B R e T R, B 2R G S B IR Bl R T B T R O [ S 3R A A PR T A
Mrab s, HERE i,

3) 2K AT LINKI10 BT HUAT 24 55 ST A1 2 A0 be I B AR SE E 1) 5 545 B3R5 1IE R 4R 0.968 & 1E
L1287 n 7 = R/ W

DR 5 30 731k 1 R I MR AE X B E 2 ST I UE 25 AR I SO AR X R A8 IE A SRR B K
AR R S AR

5)ZMEIE A RIE TR A1 TE 270~ 340 18 Bl N A9 B R ki s il &%

S X

C 10 X020 0 0 3 3 B il K R R AT SRS A IR R A2 T R i S TR B LT ] A SR 4548, 201343 (19) : 83-89.
LIU Junjin. YUE Lijie. Structural characteristics and applications of tensioned cable and rod structure system of glass
curtain[ J]. Building Structure, 2013,43(19):83-89. (in Chinese)

[ 2] Feng R Q, Ye Jihong, Yao Y C. A new type of structure: glass cable truss[J]. Journal of Bridge Engineering, 2015,20
(12):04015024.

(3] EMge. ¢ THREN LT ZRMERRIT MR MFFE D] B - 75 R 3838 K%, 2012,
WANG Boni. Study on the tension-frequency relationship of flexible cable in particular situation[D]. Chengdu: Southwest
Jiaotong University,2012.(in Chinese)

[ 4 ] Mehrabi A B, Tabatabai H. Unified finite difference formulation for free vibration of cables[J]. Journal of Structural
Engineering, 1998, 124(11):1313-1322.

[ 5] Zui H, Shinke T, Namita Y. Improved practical formulas for estimation of cable tension by vibration method[]]. Journal
of Structural Engineering, 1980,526(6) :651-656.

[ 6 ] Irvine H M, Caughey T K. The linear theory of free vibrations of a suspended cable[J]. Proceedings of the Royal Society
of London, Series A: Mathematical and Physical Sciences, 1974,341(1626) :299-315.

[ 7] Yan B, Yu]J. Soliman M,et al. Estimation of cable tension force independent of complex boundary conditions[J]. Journal
of Engineering Mechanics, 2015,141(1):06014015.

L8 ] Phaik B, 2 2 o 30 P JOi %o A o 3k ) 4 18 2R R 03w 3 M [T ). A% J34%,2013,30(8) : 10-17.
SUN Yongming. Li Hui. Effect of extreme properties of vertical cable on the cable force measurement by frequency-based
method[]]. Engineering Mechanics, 2013, 30(8): 10-17. (in Chinese)

[ 9 ] Kroneberger-Stanton K J, Hartsough B R. A monitor for indirect measurement of cable vibration frequency and tension
[J]. Transaction of the ASAE, 1992, 35(1):341-346.

[10] Casas ] R. A combined method for measuring cable forces: the cable-stayed alamillo bridge, spain[]J]. Structural
Engineering International, 1994 ,4(4) :235-240.

[11] Russell J C, Lardner T J. Experimental determination of frequencies and tension for elastic cables[]]. Journal of
Engineering Mechanics, 1998,124(10):1067-1072.

[12] Kim B, Park T. Estimation of cable tension force using the frequency-based system identification method[]J]. Journal of
Sound Vibration, 2007,304(3-5) :660-676.

[13] Zui H, Shinke T, Namita Y. Improved practicalformulas forestimation of cable tension byvibration method [J].Journal of
Structural Engineering, 1980, 525(6) :651-656.

(1 AR A0 » BRI bl B A0 S 2R 7 0 9 92 4 KT )L K TR 2241 . 2005, 38(11) :26-31.
REN Weixin, CHEN Gang. Practical formulas to determine cable tension by using cable fundamental frequency[]J]. China
Civil Engineering Journal, 2005, 38(11): 26-31. (in Chinese)

(15 SRMIIH . BRAEAE L L 45 R R IO 5 5025 KB A T 2E R (). 25 [ 4544 . 2016, 22(3) : 34-43.
GUO Mingyuan,CHEN Zhihua, LIU Hongbo, et al. Research progress of cable force test technology and cable f{lexural
rigidity[ J]. Spatial Structures.2016,22(3) :34-43.(in Chinese)

Ch#t A&



