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Analysis of Lateral Behavior of PSC Bridge Girders under
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ABSTRACT The span-lengthening of PSC I girder has increased the risk of lateral instability of the girder with the increases in the
aspect ratio and self-weight of the girder. Recently, collapses of PSC I girder during construction raise the necessity of evaluating the
lateral instability of the girder. Thus, the present study evaluated the lateral behavior and instability of PSC I girders under wind load,
regarded as one of the main causes of the roll-over collapse during construction. Lateral instability of the girder is mainly dependent
on the length of the girder and the stiffness of the support. The analysis results of this study showed the decrease in the critical wind
load and the increase in the critical deformation and angle of the girder, leading to the lateral instability of the girder. Finally, this
study proposed analytical equations that can predict the critical amount of wind load and lateral deformation of the girder, which
would provide quantitative management values to maintain lateral stability of PSC I girder during construction.
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Fig. 1 Sections of KHC, AASHTO Type V, and AASHTO
Type VI girders (Units: mm)

Table 1 Comparisons of the section properties of KHC,
AASHTO Type V, and AASHTO Type VI girders

Types of « KHC /| KHC /
girder KHC Type V| Type VI Type V |Type VI
Area | g6 | 6535 | 7.000 | 121 1.13
(cm”)

I(r(‘;zt};‘ 46,440,522(21,693,075(30,522,978| 2.14 | 1.52
Max. 35 44 51 ; -
span(m)

*Standard girder 35 m long defined in Korea Highway
Corporation"

4S5 715 33tk PCI Bridge Design Manual'Vell 2]
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Table 2 Design loads and size of the elastomeric bearings

Legfth Self-weight|Dead load| Livd load | Bearing size

ginder | (N | 0N | ON) By, mm)
30m 248 372 352 300x400x105
40m 332 498 361 300%500%105
50m 415 623 367 300x600x105

Table 3 Mechanical properties of the elastomeric bearings
for each girder

Elastomeric bearing S G E k,
(Bp*xLy*<Hp, mm) (MPa) | (MPa) | (kN/m)
300x400x105 7.0 0.9 198.6 | 315,730
300x500%105 7.6 0.9 230.0 | 458,927
300x600x%105 8.1 0.9 257.3 | 617,749

Fig. 2 Finite element mesh of the PSC | girder 40 m long
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Fig. 3 Finite element modeling of the elastomeric bearing
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Fig. 4 Relationship between the stiffness and the disp-
lacement of the vertical stiffness
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Fig. 5 Design wind speed according to the altitude of
construction and the condition of surface roughness
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Fig. 7 Deformed shape of the 40 m long PSC | girder at
the critical wind load (scale factor = 30)
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Fig. 8 Lateral deflections at the mid-span of the PSC |
girders 30 m, 40 m, and 50 m long with the increase
in wind load
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Fig. 9 Rotational angles at the mid-span of the PSC I

girders 30 m, 40 m, and 50 m long with the increase
in wind load
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Fig. 10 Rotational angles at the elastomeric bearings of
the PSC | girders 30 m, 40 m, and 50 m long
with the increase in wind load

Table 4 Critical wind loads, lateral deflections, and rotational
angles inducing the lateral instability of the PSC |

girder
L (m) | p,(KNm’)| u,(mm) | 0 0 (°)
30 0.95 29.3 0.6313 | 0.0962
40 0.81 435 0.7019 | 0.1010
50 0.61 64.7 0.8222 | 0.1118
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Fig. 11 Critical wind load with the increase in the length
of the PSC | girder
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Fig. 12 Critical lateral deflection at mid-span with the increase
in the length of the PSC | girder
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Fig. 13 Critical rotational angle at mid-span with the increase
in the length of the PSC | girder
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Table 5 Comparisons of critical wind loads and lateral
deflections obtained from the finite element analyses
and the proposed equations

L o pf;EA pﬁ-ed pgmd uf:,EA uf;”d u(l;rad
(m) | 7 | (KN/m?) [(kN/m?)| g5 |(mm) | (mm) |«

0.7 0.86 0.88 | 1.02 36.2| 35.0 [ 0.97
30 1.0 0.95 098 |1.03 293 | 30.9 | 1.05
1.3 1.06 1.08 | 1.02 |27.0| 26.8 | 0.99

0.7 0.73 0.72 |0.98 | 48.1 | 48.9 | 1.02
40 1.0 0.81 0.80 |0.98 |43.5| 45.8 | 1.05
1.3 0.87 0.88 | 1.01 [41.2 | 42.6 | 1.03

0.7 0.54 0.55 | 1.02 | 66.3 | 63.8 | 0.96
50 1.0 0.61 0.61 | 1.00 | 64.7 | 63.8 | 0.96
1.3 0.67 0.67 | 1.00 | 64.7 | 63.8 | 0.96
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