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1. INTRODUCTION
When a cable-stayed bridge has a longer span, elastic stability of the whole bridge
increases its importance in design due to the larger axial forces in the bridge deck and the
towers under gravity load, as well as the larger lateral bending moments in the bridge
deck under static wind load. However, previous research on the static instability of cable-
stayed bridges has generally been directed toward the bending (in-plane) buckling of the
whole system under gravity load.
In this paper, linearized flexural-torsional (out-of-plane) buckling analysis of the
whole system of a long-span cable-stayed bridge under static wind load is presented.
2. FORMULATION OF CONSISTENT GEOMETRIC STIFFNESS MATRIX
The incremental virtual work equation of equilibrium relating an increment of applied
force to the increment of corresponding displacement can be expressed, for a three-
dimensional beam, as

f {Eexxéexx+4Geykﬁeyx+4GeZX6eZX}dV + [ {0x5ﬂxx+21yxéﬂyx+2fzxﬁﬂ =dV = ZR-1R
v v (1)
in which E = modulus of elasticity; G = shear modulus of elasticity; exx, eyx, e;x and ngy,
Ny x Mzx denote the linear and nonlinear components of the incremental Green-Lagrange

strains; Oy, Tyx, T;x denote Cauchy stresses; 2R = the external work, IR = internal
resisting work; and V = volume of the beam. Then, the incremental equilibrium equation
in the updated Langrangian formulation is obtained after lengthy calculations on Eq. 1 as
g + i ) = 1) .
in which [ke] = the linear elastic stiffness matrix; [k;] = the geometric stiffness matrix,
which is given in reference 1 for a three-dimensional beam with bi-symmetric cross-
section and neglecting warping effect; {u} =the incremental displacement vector; f} and
{if} are the element nodal external and internal forces. The [kg] in Eq. 2 is taken into
account the effects of initial axial force, bending moment, and torsion.

For out-of-plane buckling analysis, the [ky] in Eq. 2 has to be corrected to represent the
generalized rotation displacements that maintain continuity at angle joints of structures
after out-of-plane deformation, and then the resulting matrix may be expressed as
(g =[keg] + [I] )
in which [kg ] and [k;] may be called consistent geometric stiffness matrix and joint-
rotation correction matrix given in reference 1, respectively.

3. BUCKLING ANALYSIS UNDER STATIC WIND LOAD

The algorithm to compute a critical wind velocity caused buckling in linearized
buckling analysis under nonproportional loads is summarized as follows: (1) Perform
static analysis for the two given loading conditions, namely, gravity load and wind load;
(2) compute the consistent geometric stiffness matrices of the structure for the gravity load
[Kgcgl and wind load [Kgewl; (3) impose consistent geometric stiffness matrix of the
structure for gravity load on linear elastic stiffness matrix of the structure [K.], and
perform the equilibrium equations for the nodal degree of freedoms with load ({2F}-{1F})=0 :

[ ([ + [Keea] )+ {Egew] | 1U} = 0 @
in which {U} is the vector of nodal displacements, and the constant * is a scale factor that

multiplies initial wind load; (4) determine eigenvalues and eigenvectors of above equation;

and (5) compute the critical wind velocity from V=12V, where Vg is the design wind
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4. NUMERICAL EXAMPLES and 3-D models under static wind load.

The linearized instability analysis of a e
cable-stayed bridge with a three-span Combined load Buckling mode  Critical wind
continuous deck, a 1000 m center span with description description _velocity (m/s).
two 450 m side spansl), has been studied 2D 3D
under static wind load. Two-dimensional model _model
(2-D) and three-dimensional (3-D) bridge =~ ©+P9+ W  VB+LB+T 1141 144l
models shown in Fig.1 ar e used for
comparisons. The results of buckling %
an.a!y S18 s.h own 1n ’!‘able 1 mn dicate that a Legend: W - Wind load LB - Lateral bending
critical wind velocity obtained from 2-D D,L - Dead and live loads VB - Vertical bending
model under load (D + Ps) + A\W is about 26 Ps - Prestress T - Torsion
percent lower than that obtained from 3-D
model. This results from neglecting the torsional stiffness contribution of double-plane
stay cables in 2-D model. Consequently, the 2-D model appears to be conservative in
predicting a critical wind velocity for the flexural-torsional buckling, compared with the
3-D model. When effects of live load are included in the analysis, only slight reduction in
critical wind velocity is obtained (Table 1. This is probably due to high buckling load
factor for gravity load, and the live load is low in comparison with the dead load.

The first buckling modes and corresponding load factors obtained from the 2-D and 3-D
models under load (D + Ps) + \W are illustrated in Fig.2a and 2, respectively. As can be
seen from these figures, the buckling mode under static wind load is flexural-torsional
mode. The vertical bending mode is asymmetric while the torsional and lateral bending
modes are symmetric. The phenomenon of asymmetric vertical bending mode is probably
due to the higher stiffness of upper cables which are back-anchored at side supports. It
should also be noted that because of unsymmetric supports at ends of bridge deck (hinge
support at one end and roller support at the other), the vertical bending mode deviates
slightly form asymmetric mode.

5. CONCLUSIONS

Linearized flexural-torsional buckling analysis of a long-span cable-stayed bridge
under static wind load has been presented. The results of analysis indicate that buckling
of a long-span cable-stayed bridge under static wind load is predominantly a combined
flexural and torsional mode. Further study should be extended to nonlinear instability
analysis of long-span cable-stayed bridges under displacement-dependent static wind load,
especially lift force and pitching moment, together with the effect of lateral drag force.
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