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Static and Free Vibration Analyses of Hybrid Girders
by the Equivalent Beam Theory

HIAL . ofQln
In-Sik Choi - In-Ho Ye

Abstract 3D finite element analyses of a corrugated steel web girder and a steel truss web girder are conducted to
investigate the static and dynamic behaviour of the hybrid girders. And the analyses results are compared with those
by the equivalent beam theory. The equivalent theory is a theory that all section properties of a truss structure are
replaced by section properties of a beam including a shear coefficient. When applying the equivalent beam theory,
the shear coefficient of the corrugated steel web girder is estimated as the area ratio of flange section to web section
and that of the steel truss web girder is calculated by the equation proposed by Abdel. Static deflections and natural
frequencies by 3D finite element analyses and those by the equivalent beam theory are in good agreement.

Keywords : Hybrid rail way bridge, Corrugated steel web, Composite truss
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Table 1. Comparison of railway bridge specification with road

way bridge
.. . . . Ratio(Railway
Provision |Railway bridge|Road way bridge /Road way)
i 432(DB-24 10.49
Live load 4532(L8-22) ( )
(N) 743(DL-24) 6.10
Deflecion
1/1600=31.3 | L/500=100.0 0.313
(mm)
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Table 2. Shear coefficient according to truss type

Type Steel truss Hybrid composite truss
AG AG
(a) f3 = : 2 fs = . 2
A, Esing cos”¢p nd, E sing cos“p
AG AG,
(b) fom fi=——
A, Esing cos°¢ nA, E, sing cos*¢
AG AG,
(C) fs = . 2 fs = : 2
24, E'sing cos“¢ 2nA E, sing cos”
AG A.G,
(d) fsm S
24, Fsing cos*¢ 2nd E, sing cos*¢

(a) Modified Warren Truss

(b) Warren Truss

(c) Multi Web Truss

Ly

(d) Double Warren Truss
Fig. 1. Type of truss structure

Table 3. Material properties

Modulus Value(GN/m?)
Flange elastic modulus Z, 27.9
Flange shear modulus G, 11.63
Web elastic modulus £ 210
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Composite truss girder
Fg. 2. ] section hybrid girder models

Composite truss girder

Fig. 3. Box section hybrid girder models
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Corrugated steel Steel tube

Fig. 4. Web steel sections
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Fg. 5. Equivalent beam sections

Table 4. Sectional properties of I section equivalent beam

Properties Corrugated steel { Composite truss
Area(m?) 2.40 2.40
Momemt of Inertia(m") 9.62 9.62
Shear coefficient 3.98 10.38
Mass per unit length(ton/m) 6.76 6.98

Table 5. Sectional properties of box section equivalent beam

Properties Corrugated steel |Composite truss
Area(m?) 5.06 5.06
Momemt of Inertia(m®) 18.57 18.57
Shear coefficient 420 11.85
Mass per unit length(ton/m) 14.98 14.48
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Table 6. Static Analyis of hybrid girders
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Table 9. Mode shapes of the I section corrugated steel web girder

Load case Load diagram

Mode

FEM

Equivalent Beam

Pf2e—
P/ 20—

—P/2
2y —P/2

Case 1
(Axial stretch)

Wh—
M/h—
ks

~M/h
—#/h
w7

Case 2
(Pure bending)

Case 3 y
(Bending+Shear)

Table 7. Deflection formulas and magnitude of load

Load case Formula Magnitude of load

_ PL
CBA,

Case 1 § P=200kN

M2
T 8EI

cc

12f E’I)

Case 2 é M=400kN ' m

s

GAL*

Case 3 é

pPL3
1 P=100kN

T BE],

Table 10. Mode shapes of the I section

composite truss girder

Mode

FEM

Equivalent beam

Table 8. Resualts of static analysis

Corrugated Steel(mm) Composite truss(mm)

Beam analysis Beam analysis

Load case

FEM FEM

Euler
beam

Euler
beam

Equi.
beam

Equi.
beam

Case 1 0.146 | 0.149 | 0.149 | 0.149 | 0.149 | 0.149

Case 2 0.456 | 0.466 | 0.466 | 0.465 | 0.466 | 0.466

Case 3 1.161 | 0.970 | 1.168 | 1.390 | 0.970 | 1.435
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Table 11.

Natural frequencies of the I section hybrid girders

Mode

Corrugated steel(Hz)

Composite truss(Hz)

Beam analysis

Beam analysis

FEM | gyler

beam

Equi.
beam

FEM Euler

beam

Equi.
beam

3.63 384 | 3.67

3.39 3.85 327

11.80 | 15.04 | 12.16

9.86 15.04 9.41

21.1 32.7 218

16.12 32.7 15.34

304 46.7 30.6

213 46.7 20.5

394 55.5 382

24.8 555 247
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Fig. 6. Loading diagram
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Fig. 7. Vertical deflection of Corrugated steel web girder under
concentrated load at mid span
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Fig. 8. Vertical deflection of composite truss girder under
concentrated load at mid span
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Fig. 9. Vertical deflection of Corrugated steel web girder under
distributed load
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Fig. 10. Vertical deflection of Composite truss girder under
distributed load
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Table 12. Natural frequencies of the box section hybrid girders

Corrugated steel(Hz) Composite truss(Hz)

FEM FEM
neEs D D Equi. D D Equi.
B B Beam B B Beam

shell frame shell

frame

3.38 3.44 343 3.04 3.14 3.15

9.40 10.53 | 1146 | 8.02 8.95 9.03

16.26 21.6 20.6 12.19 15.51 1471

24.9 30.9 29.2 17.03 21.1 19.66

B W N

27.0 384 36.7 19.30 | 26.21 23.83

Table 13. Mode shapes of the box section corrugated steel web
girder

Mode 3D-shell model 3D-frame model

1

Table 14. Mode shapes of the box section composite truss girder

Mode 3D-shell model 3D-frame model
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