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The natural vibration analysis of box girder considering shear lag effect and

additional axial force

LI Meng-yao
(Construction Engineering College, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: In order to study the free vibration characteristics of box girder under the joint influence of
longitudinal static equilibrium and shear lag effect, the free vibration differential equation and boundary
conditions of simply supported beam are derived according to the energy variation principle.TheMatlab
software is used to solve the problem and compare with the Elementary beam theory, the ANSYS finite
element method and the results obtained considering the shear lag effect.The results show that the
calculation results are consistent with the finite element calculation results and the accuracy is reliable.
It is also found that the longitudinal additional axial force will reduce the relative stiffness of the simply
supported box girder, which will lead to the decrease of the self-vibration frequency. With the increase of
mode order and the decrease of span-width ratio, the effect of shear hysteresis on the frequency of
self-vibration increases gradually.

Key words: principle of energy variation; additional axial force; effect of shear lag; natural vibration;
finite element analysis
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Table 1 Frequency comparison of natural vibration (unit: Hz)

) IR YIRS
#K/m P59 L
I 1I I \Y I 1I I \Y
10 1.67 69.482 206.100 425.380 709.440 83.272 333.088 749.449 1332.35
15 2.50 33.789 111.810 206.100 305.230 37.010 148.039 333.088 592.157
20 3.33 19.726 69.482 134.510 206.100 20.818 83.272 187.362 333.088
25 4.17 12.860 47.027 84.267 148.480 13.323 53.294 119912 213.177
30 5.00 9.025 33.789 69.482 111.810 9.252 37.010 83.272 148.039
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I 1I I \Y I 1I I \Y
10 1.67 72.106 236.248 475.825 798.013 76.145 258.455 507.701 822.362
15 2.50 34,643 118.741 236.248 387.094 35.446 128.254 258.455 417.605
20 3.33 20.170 72.106 145.115 236.248 20.303 76.145 157.833 258.455
25 4.17 13.138 48.391 99.087 161.894 13.108 50.173 106.209 176.583
30 5.00 9.216 34.643 72.106 118.741 9.148 35.446 76.145 128.254

W 1 ~IVRA—ZD 0, #5958 H=12b.

HOE Ny AP N SE S TSt A ] S G N ]
FREAE 10% /a4 . HRBRSCRATENS, S
2N A Rt S TS T U W L L WA R
RSN AR, ch Ml 5 T o B 2
e RS, AT AL T BN 7. BN A
{7 SCRE AL IR WIS, AT S ELEE A ) B IR

R, HEMET

5

b 368 IR AT T SR S

] SCAE R B IR AR AR BN
i 2t TR

R RVIE, ORISR B IRIUCR S RE A, X
T 7 (75 RS ) o

I X AN AR B 8 RS BY i RN TSR

Big. RIS IRTE TS 1 B IRR AT



% 4 A5

. HJRIT N RS A Andh A 6946 2 B AT 99

HAE M. ABRITE RN 1, iR 2
fime MK 2 WIAEH, SIRAH &R, X3
P75 RE A 5 98 LLROIE N, 57 FROTRAI S, Rz B
i, MEETEoN 1.67 I, AR5 %5 HAhw R
JTEMEL, BOESEAIRTiEIR . JE ity 5
I, 3 MOTE S A RTE R, IR HON
—Br BRI, 3 FOESE RITHTHRE SR
EIR, (HHERSE TS 45 R T oAt 2
JNESA R RoniEin . T RSN

LSr —a— I
—— HERT I
14l —— BN
1.3}
fm
R
1.2+
1.1F
1.0 : : : '
1 2 3 4 5 6
BT
(a) —ZIRE
Ler —— GRS
1.7+ —— HER 5 1%
—— BN )W
1.6
1.5r
g 141
1.3F
12} /\/\
L1f F#H\\v//\\\
10 2 3 4 5 6
P SE L

(c) =FriRH

T2 WAnkhhehEiea
Table 2 Effect of the additional axial force

UL BRI A) BRI Aok BN KR/ %
1.66 1206.825 1310283 1136.900 9.1
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Fig. 2 Ratio of natural frequency
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