Journal of the Korea Academia-Industrial http://dx.doi.org/10.5762/K AIS.2013.14.4.2000
cooperation Society
Vol. 14, No. 4 pp. 2000-2005, 2013

Evaluation of Structural Safety about the Bending and
Torsion of Superstructure of the Fish-bone Girder Pier

Gyu-Sung Ham', Nam-Hyoung Lim? Jong-Sup Park’ and Ki-Yong Yoon"
'Department of Civil Engineering, Sunmoon University
“Department of Civil Engineering, Chungnam National University

*Department of Civil Engineering, Sangmyung University

2 O B koAl ARie] Man gidero] 2831 AASNES ASHAT 2 A AES Slstol WE
83ta A TR0l ABAQUSE o] &5te] X|ajAS At AZZ O] Main girder:= E]H“ ofyzl HlEY 7]
Sol GUL U USS o 4 08 Fo I HEE vEelch B2 AHH Main girder HHlo] that 32 7
A
(¢}

=2
BRaE FRHYOR Qs

Abstract In this paper, the design load acting on a main girder(spine girder) of fish-bone girder pier is
proposed. In order to check the structural safety, numerical analyses using finite element program ABAQUS are
performed. It is found that the main girder is affected by a torsional behavior as well as a bending behavior
and the major influence loading is the torsional loading. Also, from the stress evaluation of the chosen cross
section of the main girder, chosen fish-bone girder pier is structurally safe.
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[Fig. 1] Form of the prefabricated pier
(a) Existing prefabricated pier
(b) Fish-bone girder pier

[Table 1] Dimension of the spine girder[6]
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Main girder, 7}2X, 7} = SM400 ZAS AFE-31S
on, AT = B2 AAVIESOA AL e
7 o] erAdAS 210GPaS AREE}ITE Main girder=
H-400x400x13x21(Fig. 2, Table 1[6]), 7} = H-350x
350x12x19, 7HAJL= H-200x200x8x129] THHL AR5
=

. Sectional Unit . Radius of Modulus of Warping Torsional
Standard Sectional R Moment of Inertia . .
Norminal . . Area Weight 4 Gyration Section Constant Constant
Dimension(mm) 2 (cm”) 3
Size(mm) (em?) (kg/m) (cm) (cm’) (cm6) (cm4)
HxB t t2 T A w Ix Iy ix iy Sx Sy Cw J
400%400 400%400 13 | 21| 22 218.7 172 66,600 22,400 | 17.5 | 10.1 |3,330| 1,120 | 8,048,000 303
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[Fig. 3] Plane figure of the superstructure of Fish-bone
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[Table 2] External force for pier design
Vertical Force Horizontal force
* Dead load * Wind loads
« Superimposed Load | -« Tractive force
* Live Load * Berthing Load
- Vehicle load * Working load of the traveling
(Train) material handling equipment
- Vehicle load L .
(Car) Seismic load acting on payload
- Crowd Load * Seismic load acting on live load
* Tractive force * Wave power
« Uplift pressure
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At itk E3L XA HEO] X2 914 mmO]*"OE
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28l p=0.125 kgfs/m’, V,=42.13 m/s, G;=1.6, G=1.9
= A Q3IT}8]. Table 3 ALY E ¢lelo] AEY ¢lelo]
AEE HYZY] @9ldold #-gst= dAFsSS U
ERfar §loh

AXE

[Table 3] Design wind load according to cross section of

Wy 294 Heztud] A9 AAsks, dalshks, H-Beam

Agapele, Aubd obF, st7|A sk W A%l c
TOSS . .
S s Yarl glon, B g ARzol Ax cection Type(mm) Design wind load of H-Beam
u} Z~3] vl o= 3t v HSFR] oroF
b pRiEe] wh Eek alefshA] ettt 400x400x13x21 0.155kN/m(axial force)
(Main girder) 0.309kN/m(horizontal force)
2=L=

2.3.1 Z2&5tE H-shape |400x400x13x21 ) 136kN

£ Aol BYY 294 BEgkil % BHE seel | (Floor beam) ‘
A} oF5 9 AsA; 2 A gl FEskent 400%400%13x21 > 136kN
sk, 2E5E A8S gIstel S et L ofaa (Bone) ‘
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[Fig. 4] Loading position and boundary condition of main
girder

(a) vertical load (b) horizontal load

[Table 4] Design Load Acting on the Main girder

Type Norminal Vertical load |Horizontal load
P size(mm) (KN/m) (KN/m)
15.895(uniform) 1.155(axial)
Hsteel | 400x400x13x21 0.641kN(concentrated) | 3.631(Horizontal)
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[Table 5] Comparison of bending stress for vertical load

Position Calculation FEM Relative
(MPa) (MPa) error(%)
x=0 11.636 11.66 0.206
x=L/2 6.224 6.498 4217
x=L 11.636 11.66 0.206

[Table 6] Comparison of bending stress for horizontal

load
Position Calculation FEM Relative
osttio (MPa) (MPa) error(%)
x=0 8.442 8.142 3.554
x=L/2 4221 4.058 3.87
x=L 8.442 8.142 3.554
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[Fig. 5] Loading position and boundary condition of
main girder(torsional loading)

[Table 7] The calculation of torsional load

Load type The calculation of torsional load
i 1
Torsional load | 53 \7/m2 5 — % 2.5m x 5m = 31.25kN
(concentrated 2
load) 31.25kNX 0.745m = 23.281kN » m

[Table 8] Comparison of normal stress for torsional,
vertical and horizontal loads

torsional . Horizontal
. vertical load
Position load (MPa) load
(MPa) (MPa)
x=0 53.68 11.66 8.142
x=L/2 8.946 6.498 4.058
x=L 53.68 11.66 8.142
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[Table 9] The result of safety check for load combinations

Bending Shear Stress Note
Stress(MPa) Stress(MPa)
ASD FEM ASD FEM
116.134 71.01 80 13.6 0.403<1.2 OK
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