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Based on Nonlinear Spring and Damping Restraint Device
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Abstract: To achieve the girder-end displacement control of long-span cable-stayed bridges under static and
dynamic loads such as temperature, vehicle load, wind load, and earthquake, a new type of nonlinear spring and
damping restraint device was developed in this paper, and a dynamic analysis finite element model of the
structure was established. The influence laws of the limit parameter variations of the device on the girder-end
displacement, the relative displacement between tower and girder, and the internal force at the tower bottom
were analyzed, and reasonable parameter values were determined. On this basis, the dynamic responses of the
long-span cable-stayed bridge before and after the installation of the device were compared and studied. The
results show that the girder-end displacement decreases with the increase of the equivalent stiffness of the
device and increases with the increase of the gap. The reasonable setting of the nonlinear spring and damping
restraint device can greatly reduce the girder-end displacement of the long-span cable-stayed bridge under static
and dynamic actions and will not cause adverse effects on the internal force distribution of the structure.
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Figure 1 Overall layout of a cable-stayed bridge (unit: m)
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Figure 2 Mechanical model of basic element
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Figure 3 Schematic diagram of nonlinear spring structure
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Figure 4 Schematic diagram of nonlinear spring and

damping restraint device structure
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Figure 5 Nonlinear spring and damping restraint device
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Figure 6 Finite element model of dynamic analysis
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Figure 7 Mechanical curve of limiter
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Figure 8 Maxwell model
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Table 1 Girder-end displacement and relative

displacement between tower and girder
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Figure 9 Effect of equivalent stiffness
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Figure 10 Effect of gap



%24

FAREF A TIHEEIREBEZE - MRAHYRKEN RS EHEFERIEBIEHTR 149

FH 1 10 AT 0« B Al 2 3L () ) 385,
v B it (6L F AN 384 0, 107 >4 (8] B 3484 fn 39 0.30 m J&, %%
it o7 R 0 I 8 A L % | O I 2 B T S RS, B
R 2 PR AV 2 B A 80 AL A N BT e IR, I Y Jia] it ik %)
0.40 m Ji , 25 B L A B 0 2 s o7 B & AR, X e AE
T I 356 B B Y ] B M
43 AREBHRWIE

LI 3 B JE #8 S 80 I R i KL JE J) FLn=
2 000 kN, BH JE & %0 C=6 000 kN-s/m, Bt 3k £k 1 BR
V7 255 B (1R 25 R KIS S 500 MIN/m®, [RT B K 0.2 m. LA
AL M B N S v 6 FS | B A G2 A% R I IR I T
FEAR 6 E T U AR A A B e A R TR

AL TE & 7 4E T QIR EE AR T - V25 1 280 A AL i
EEMH TR, R WL 2,

HY 2% 2 AT 0 VR R R 7E CHRAE T 1Y
i B A 0.553 m, 1B B AR M 5 B 2 e
Je R RS Ry 0.474 m, [F] FLIs/N T 14.3% ;58 52 AR
FA R B 78 o RS T 1 206 5 F 4 0.351 m, 1%
AR 2 R B e 2 Ok S B B L F8 O 0.182
m, [/ L/ T 48.1% s LSRR AE T I B AR Ltk
9905 BH e 24 A S R BY ) RN AR AN
K4 Lk, A B B AR 2R PE s 5 —FH e 29 o ]
DIAR KRR B b kst K5 B ML FE 8 3h IR 1)
v SRS , HAS 3 X254 D9 ) 40 A 1 BAS 52 0

x2 REAREEWNENEHMERERT

Table 2 Structural performance before and after setting restraint device
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