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Free-vibration Characteristics of Two-I-girder Steel Bridges Curved in Plan
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Abstract - In the case of the superstructure which is consist of two I girders and slab, the section can behave as II section, so that
the neutral axis with respect to out of plane direction flexure can be regarded as major axis. Therefore in-plane flexural mode
might govern the free vibration mode. Meanwhile, horizontally curved girders always experience not only bending moments but
also torsional moments although the primary load is usually supposed to be gravitational load. The interaction due to bending and
torsional moments make the behavior complicated and torsional mode may govern the free vibration mode. In other words,
structure can have different dynamic characteristic due to its initial curvature. In this research, using 3-dimensional sell elements,
free-vibration analyses are carried out due to initial curvature. The analysis models are assumed to be composite and
non-composite and finally natural frequency and eigen mode are discussed.
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Fig. 2. Plan of superstructure
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Fig. 3. Section of the girder

Table 1. Section properties of main girder

Main girder Cross beam
by, 800.0mm 400.0mm
by, 900.0mm 400.0mm
h 2,700.0mm 950.0mm
ta 30.0mm 14.0mm
ty 30.0mm 14.0mm
t, 24.0mm 14.0mm
A7}z

oI7IAl - AeE

Vertical 1
Out of
X Plane
Axial r
Vertical
Out of
Plane
Axial

(a) Coordinate (b) Hinge (¢) Roller

Fig. 4. Boundary conditions
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(a) 1™ mode(0.3719Hz, out-of-plane bending)

(b) 2™ mode (1.2505Hz, out-of-plane bending, multi curvature)

(d) 4th mode(2.1521Hztorsional)

Fig. 5. Free vibration mode-noncomposite
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(a) 1™ mode(1.340Hz, out-of-planebending)

(b) 2" mode (1.373Hz, out-of-plane bending, ulticurvature)

Fig. 6. Free vibration mode - composite
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Fig. 7. Free vibration modes of the noncomposite curved girder
model, 6§=5°

lst Mode 2nd mode 3rd mode
(a) 0.370Hz (b) 1.338Hz (c¢) 1.721Hz
Fig. 8. Free vibration modes of the noncomposite curved girder
model, §=10°
Ist Mode 2nd mode ‘ 3rd mode
(a) 0.352Hz (b) 0.891Hz (c) 1.330Hz
Fig. 9. Free vibration modes of the noncomposite curved girder
model, 6=30°
Ist Mode ‘ 2nd mode ‘ 3rd mode
(a) 0.328Hz (b) 0.577Hz (c¢) 1.310Hz

Fig. 10. Free vibration modes of the noncomposite curved
girder model, 6=45°

lst Mode 2nd mode 3rd mode
(a) 0.298Hz (b) 0.398Hz (c) 1.283Hz

Fg. 11. Free vibration modes of the noncomposite curved
girder model, 0= 60°
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Fig. 12. Relation between subtended angle and natural frequen-
cies of the free vibration mode (for non-composite
curved model)

Th4=9] Zha
2 AtollA| La:ﬁ:z} 2z o|Ako 7 Z7)s}
of gt 12} R E= HF HER Uehg 2 47 ool 7F
S5ttt

HE+= —?—i ﬂtﬂi} ?J"éEle ?é% %ﬂl = ?7%1]*1«] _"—1LT
ATHER o]z & AFollde 24& Atth
THEE M %*EP—.P?J S7tol wheh el e o Mol

woll B Hadtvks Holdt, thA] e, A4l 3 SEo] 4

< Bl Hlg) FEo] F7IEE HFY| ¥l SHEE

& Auidttt. ole FE WIS} vlE AFe Pt

HAE FF A A AR, S8l Sl weh A

F A Al R o F3tal o] Flo] R WAL

(a) 6=5° (1.2363Hz)

=T

(c) 6=30° (0.6399Hz)

(b) 6=10° (1.088Hz)

2 o

(d) 6=45° (0.4545Hz)

(e) 6=60° (0.3398Hz)
Fig. 13. 1st free vibration modes of the composite curved
girder model

oI7IAl - AeE

—
=

frequency (Hz)
S 2 2 .
= =% =] . (8] =

S
)

0 10 20 30 40 50 60
central angle (deg)
Fig. 14. Relation between subtended angle and natural frequen-
cies of the 1st free vibration mode (for non-composite
curved model)
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