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Analytical Method for Deformation and Internal Force of Suspension

Bridge under Concentrated Live Load
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Abstract: As a flexible structure, the response of suspension bridges under live load has been the focus of
research for a long time. This paper presented an analytical calculation method for structural deformation and
internal force of suspension bridges under concentrated live load. Based on the known bridge state parameters
and live load parameters, the deformation of the main cable, the deformation of the main beam, the relationship
between the main cable and the main beam, and the deformation of the bridge tower were analyzed
successively. Then, four kinds of governing equations were established, involving the conserved unstrained
length of each main cable, the coordinated force and deformation of each suspender, the closed span and height
difference, and the balanced force of the main beam, so that the total number of the governing equations was
equal to the total number of basic unknown parameters. Finally, the governing equations were combined into an
objective function and solved programmatically. The values of the basic unknown parameters were found to
make all the governing equations valid at the same time, and then all the other parameters were deduced. The
state of the structure after deformation was expressed. Finally, a suspension bridge with a main span of 1 080 m
was taken as an example to verify the feasibility and effectiveness of the method. The results of deformation
and internal force under live load were in good agreement with those of the finite element method.
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Figure 1 Calculation model for suspension bridge
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Figure 2 Main cable under dead load
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Figure 6 Main cable of side span under dead

load and live load
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Figure 8 Action and response of main beam caused by live load
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Table 3 Tower-top displacement caused by live load

M4k /m
T Lifeey W2 /mm
RRES A HRIT %
Jes 0.012 4 0.0115 0.9
1
fitg —0.0124 —0.0115 —0.9
Lt 0.008 9 0.008 3 0.6
2
fits —0.0088 —0.008 3 —0.5
R4 FHIENERIRAEBE

Table 4 Longitudinal drift of main beam caused

by live load

Hh1a EAL /mm

T 2 /mm
AT AR ITH:
1 0.0 0.0 0.0
2 —48.5 —48.7 0.2

FESSF N D) 05 D, AR SCHE R B R AT VA L S A R
JCIH B ZE LAY A o AT T 00T 05 AT 3l e
P 1R a5 R AN 18 TR L Bk T4 2 h 5 65,66 AR
AT A1, A 4 X0 152 25 35/ T 0.2 KIN AR X 152 22 ¥/
F 2%, B 18T LAk B, BT A i AF i il I AR 3 K,
B RAEAEA B A R 340 76 4R A 1R
FH BRI 0 7 A 0 48 05 R, B I 5 g SRR 1Y JL X
AT I EROK

AR BT #5305 R ) A s LR 5, YT
A A AR 32 8 s R e AN A S R T B
/N 5 YOG AR T AR A R 1/4 85 Ab ) SO TR
B — M 1 32 R D0 A T R G B T R — Y SR )
AN FEXFA T80, Bl s 7 S i T
T 0 A T /0N, ALK /N a3 Sk 2R VR R T 9 3
K HTH 7Y% ~18% , I8 AN J& LA 75 3% oy < JA 7= A 7 H
B o
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Figure 18 Variation of axial tension of suspender calculated by analytical method and FEM
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Table 5 Variation of bearing reaction at beam ends

caused by live load

3T /KN MR 22/
T4 (VAT -
filt v 2 L ESTES %
FE 3 —152.65 —153.28 0.4
! i —152.69 —153.28 0.4
2 3 60.18 60.66 0.8
2
A7 b —130.48 —129.07 1.1

H1 2 5 AT, AR SCHR Y A il BT i 5 A BRI AS:
BIA &5 AL, R W] T AR T BRI S
Lo N 0 A AT TR Dk AT A A RO

5 #»

(1) AR SCHR M 00 i A 25507 36 AT LA 205K i
WM TR AW XN, 5AHRIGER
R —F . RMA AR T A B4 3
B ey AR IS TR RS L R A IR | A R
SR T AR

(2) 7 fif A i vh il A N7 4 64 O 72, 2300 2
2% B BG4 R JC N K ST AE SR AT ) 5 AR
PR A5 5 A e 22 T L R 2 T A, AT
o A5 4 1 07 R ) B A R RO B RO A . B
J H 5 1 T B A5 IR — A B AR R B, I #E AT R SR
fifp o Ak H e A 4 ) O R T ST B S AR R
17 5 AL S, IR A R TR TS IR o

(3) ERM KT B B % & 1
A B ST, A R] A AR T 1/4 5 Ak 7 AR B R OR T 42
WM TE RS AR R TRE R, 55,16
AT B i R P AR T R o BBt
T BAE T 1/4 85 Ak ik 32 5% 0 B 305 28— M0 ) 38 43 7

A TRy L (EE BE LR T T A — I A B
AR R BN AR SR 5 E R B AR T
S AR, P A [ 20 G5 22 S 0 ol T T 0 A 6 R fi R
SR/ o

(4) A [A] 64 4er AR T 8 e a5 A2 9 3% T 7
IR T /4 B AL 7= AR B AL AL 4 K. 2530 4R
b AR IAE T 85 15 b g, R3O 7 A WK A o) R
Mo s 410 AR P A A 05 1/4 B5 AR it 2592 7= A
1) i 28— 000 4y O A 1) 525

(5) S i AR G, BT A7 i AT 1 Bl A 8
HLHE RAAE AL B A BB 30 16 84 AR
JH B 3 B 173 AT 0 B R, A 30T 2 i S A B JL K ) AT
TR o G AR b AR F AR T2 85 B P A Y
SRR R0 5 2 AR R A TR 8 1/4 8
Ak I, FE ST 3 A — W B SR A I A O 2 O A —
D4 32 B 1A /s o H R G B T 0 AT RE
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