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Calculation and analysis of cable tension considering

elastic stiffness of oscillating damper

WU Xiao', ZHAO Jun-hai*, HUANG Zhi-gang', YANG Li-jun’
(1. College of Architecture and Civil Engineering, Hunan University of Arts and Science, Changde 415000,
Hunan, China; 2. School of Civil Engineering, Chang’an University, Xi’an 710061, Shaanxi, China)

Abstract: In order to improve test accuracy of tension of cable with oscillating damper, the
vibration differential equation of cable with oscillating damper was established, considering the
influence of elastic stiffness of oscillating damper. The vibration shape function of the cable was
easily obtained by using the Laplace transform., and the frequency characteristic equation of the
cable was obtained with the intermediate support conditions of elastic stiffness of oscillating
damper. Then the frequency or tension of cable was obtained by using the frequency characteristic
equation. Since the solution obtained by this method is exactly analytical, the results of this
method can be used to test the calculation accuracy of other engineering approximate methods.
The research results show that the bending cable stiffness has little effect on the cable tension, so
the calculation of cable tension can ignore the bending stiffness; the effect of damper elastic
stiffness on the cable tension is connected with the magnitudes of damper stiffness, and it

increases along with the level of damper stiffness. So the damper elastic stiffness effect is
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negligible when damper elastic stiffness is small. 2 tabs, 1 fig, 12 refs.

Key words: bridge engineering; oscillating damper; elastic stiffness; cable; tension; frequency

characteristic equation

0 51 &

RHLIF DL A5 R 32 VR RE LT - 5 BURE 1 R 45 H
&R 2R HURR BE T 5 B 07 ¥k U A
FEMR R TAE A 21 1 ORI Z (R . AEBURHL
B — B T 2 B0 AL R - LB AR R T i
BRI B X BN S T SR e i X i £ 2
PRt TIELESUR . BHLR LSRRI TR
it i B BRI 5 H R AL I B W O A R R T
WEEAR B ARG . RES BRI B R 7 5 KR A
i XURE SR S5 B4 O T I L 2R B R R R gl —
e >R BOCHE A ThD ML 2% T 5 Dok I 4 19 07 95 » T Dk
Tor XL F Y [ AR A — S R L 2 AR A O I
PR 5K 1 BORG RE 7™ A A 22 . BT L 0 LR K g i
O 7% BB R i 14 SR W RE . SBR[ 1-5 175 1 el
Tor SRR WL B TR A IR A R Y 3 B
PR IR 3 J7 B e 3 2k A% 1R A5 Bk O A 4 AL J7
i SR 5 TSR DRHR A 19 55 R0 L 9F AT Matlab 48
TR B 7 R G0 Rk R AR B 4 BRSP4 R R R 1
S5 RICR JRE IBAIR i 1) S5 R0 M JE T AR R 9K 1 I B
A SCHRE6-11 TR IR sl 43 R 3 25 18 W 2 e
SRR BTIE T RS R T SR KR . R
JHA5 S80I BEF 90 4 5 D 45 268 B PR ok T A
BRE (39 J7 75 45 2Rt 2 2 AU 1T ELa 7 FH A BROG A
K. O I AN SCTE 25 R Uk 4 99 0 B2 AR R A
il W52 B RE At |, R ) Laplace 28 #e#fE & 1 L% B9
3k 2l R B A5 BT AR AR AE 5 B o T A 45 2R A A
Mt THRAE R T R R A 56 A T AR A T YA T 4
SRR JEE N A S 25 SR R 2

1 ZETHNERZRKA

CHkL12]8 &k B A 458 0 Tk B R
PR DL Z MR ro| de i dE & m . X TR 1
JIE 7R AT R A 1 AL R IR B L W] R R
ittt I B, AR B R
o' o’

81‘3") 8135+m o’
K ET ARG MR E;C M REGT MHiER
K1 sm RPLR AN BT 5 q () I 52 Ry I

=)

] A8

'y _

EI =qg(x,t) (1)

oy _ -
JrCat T

E: DARRRER xR RIR AR RIB AL AR 0 A R BLR B K P15 A o
Bl AR B

Fig.1 Cable with oscillating damper
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Tab. 1 Calculation parameters of cables
5 m/(kg + m™1) {/m 21/m 22/m I/10" %m* E/10'"! Pa wo/Hz k/105(N » m™1)
Al 33.8 37.22 1. 191 36.029 1.476 1.95 4. 056 6.2
A2 33.8 43.41 1.215 42.195 1.476 1.95 3.265 6.2
A3 33.8 52.34 1. 204 51.136 1.476 1. 95 2.614 6.2
A4 37.1 59. 41 1.188 58.222 1.779 1. 95 2.185 6.2
A5 37.1 67.68 1.218 66. 462 1.779 1.95 1. 968 6.2
A6 37.1 75.26 1.204 74.056 1.779 1.95 1.812 6.2
A7 43.2 82.99 1.162 81.828 2.412 1.95 1.592 6.2
A8 43.2 90. 15 1.172 88.978 2.412 1.95 1.429 6.2
A9 43.2 97.94 1.175 96. 765 2.412 1.95 1.314 6.2
Al0 43.2 105. 42 1. 160 104. 260 2.412 1.95 1.225 6.2
All 43.2 113.06 1. 244 111. 816 2.412 1.95 1.183 6.2
Al12 43.2 121. 05 1.210 119. 840 2.412 1.95 1. 097 6.2
A13 43.2 128.77 1. 159 127.611 2.412 1.95 1.012 6.2
Al4 43.2 136. 23 1.226 135. 004 2.412 1.95 0.974 6.2
Al5 43.2 143.92 1. 151 142.769 2.412 1.95 0. 960 6.2
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Tab.2 Tensions of cables
s SCHRLS 12 P8 s 45 SCHRLS AR % 1& A BRI A Mﬂﬁj;%z[ﬂ;]jf%m ;:T;;igi?jﬁ
= T B sy = /
FIEIIN PRBRIUIRAR TN PREIN WARB IR/ Y | AR B 22/ %
Al 2 833 108 3081 239 2 829 300 8.76 0.13
A2 2 517 258 2 715 955 2 515 100 7.89 0.09
A3 2373 102 2 530 785 2 373 100 6. 64 0. 00
A4 2 363 105 2 500 667 2 361 500 5.82 0.07
A5 2 508 962 2632 721 2 504 800 4.93 0.17
A6 2 646 393 2 759 807 2 633 800 4.29 0.48
A7 2 909 446 3016 348 2903 900 3.67 0. 88
A8 2771 790 2 867 739 2 760 200 3. 46 0.42
A9 2773 811 2 861 901 2 760 400 3.18 0. 49
Al0 2799 794 2 881 787 2 787 700 2.93 0.43
All 3012 288 3091 229 3 000 002 2.62 0.41
Al2 2973 951 3 047 099 2 971 300 2.46 0.09
Al13 2 867 015 2934 500 2 863 300 2.35 0.13
Al4 2977 492 3042 336 2 976 000 2.18 0.05
Al15 3234 774 3298 591 3233 200 1. 97 0.05
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