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Abstract - System buckling analysis is usually used to determine the critical buckling load in the buckling design of cable-stayed
bridges. However, system buckling analysis may yield unexpectedly large effective lengths of the members subjected to a
relatively small axial force. This paper proposes a new method to determine reasonable effective lengths of girder and tower
members in steel cable-stayed bridges using fictitious axial forces. An improved inelastic buckling analysis with modified
tangent modulus is also presented. The effective lengths of members in example bridges calculated using the proposed method
are compared with those obtained using the conventional buckling analysis method. The proposed method provides much more
resonable effective lengths of the members. When girder and tower members are built with HSB80O steel instead of conventional
steel, the effective lengths of the members under a small axial force slightly decreases in the inelastic buckling analysis without
fictitious axial forces, while the proposed method that considers fictitious axial forces provides almost no changes in such
lengths.
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Obtain section forces by finite element analysis

| ii " | Conventional
) system
Solve eigenvalue problem bUCkling
(3 +w D {g)= 0} a“"";ys‘s
! effective
Determine the effective buckling length factor length factor
K-
2] i
i
i=i+1 |
i
‘ Determine the increment of the fictitious axial force AP
4
‘ Calculate modified axial force P/=P! '+AP ‘
i
Solve modified eigenvalue problem Proposed
with modified geometric stiffness matrix iterative
(KA + 7 KD {e'}= {0} system
L buckling
Determine modified effective length factor of the member analysis
7( b[ &
7 K'P cffective
{ length factor
Check the convergence of change
in the effective length factor for all members as No
K —7 f’; .
{/
| Yes

‘ Determine the final values K7, Z,, and terminate iterations ‘

Fig. 1. Procedure of improved method for effective length factor!"!
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Numerical model of cable-stayed bridges

Effective
. buckling length
Eigenvalue ,ip ,irr  fipyg ———

analysis . 22 g - E,

“e.j (K'PJ)
Proposed convergence criterion
R B M, M, =
Y K'PM, M, Pk My_jM +PL”M M, " P

i
“e,)

Column strength curve 4, ;= .
J

Fig. 2. Outline of inelastic buckling analysis using modified tangent modulus
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Fig. 3. Numerical example models of cable-stayed bridge™
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Table 1. Section properties of girder™

gh APgaLe]| o

Center span Area Moment of inertia
(m) A(m?) I(m*)
600
900 1.596 5.270
1200

Table 2. Section properties of tower™

Center span Area Moment of inertia
(m) A(m?) I(m*)
600 1.114 10915
900 1.434 22.380
1200 1.754 39.900
Table 3. Section properties of cable™
Center span Area A(m’)
(m) SC1 sC2
600 2.686 1.439
900 2.825 1.352
1200 3.056 1.624
Table 4. Dead and live loads of models®™?
Dead load (DL) Live load
Model Girder Tower (LL)
(kN/m) (kN/m) (kN/m)
600m 120.06
900m 232.00 154.55 76.20
1200m 189.03
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WS 1SR, SRS 1,2DL+1, TLLS: 48313t
Table 43 ol 4] AP welo] 2.8 515-& UehaL ik,

FRE=Z0| LPgA a0 vHlw

Fig, 4~62 600m, 900m, 1200m 229 H= Al tj
gt AT A= dolE Ueh L, Fig. T~9& 25 T
o] faFlEZolE yehdlitt, g a4 o 4= HSB80O
o] Agojfol Aglo] 22 AxE W] wiZel HSB80O
AEA1S] At e A] ookl g 9 A|SHE BlE
sl Aol Qloj Al Q] 7= o] ek} Alokd Bled 2
= A ol 2loiA19] HSB80O 21-8-9] Pk #AsHT,
Fig. 4~6°] Uehd vie} o], 7= A8 hA] o>

o I
-
[ A— Elastic (without fictitious force)
300 — —¥— Elastic (with fictitious force)
E |
s
2200 |-
<@
3 A
£100 - T _«
w D i A I e N
o | | | | |
0 100 200 300 400 500
Location on girders (m)
(a) Elastic buckling
[ O Inelastic_Proposed (Conventional steel) °
300 (] —8— Inelastic_Proposed (HSB800)

g £ \
S
2200
K]
[ L
=
B
2100 —
w

o
o

100 200 300 400 500
Location on girders (m)

(b) Proposed Inelastic buckling without fictitious force
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300 — —e— Inelastic_Proposed (HSB800)
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\

Effective length
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o
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(c) Proposed Inelastic buckling with fictitious force

Fig. 4. Effective length of girder(600m model)
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- Elastic (without fictitious force)
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Effective length (m)
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N
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S
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S
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(b) Proposed Inelastic buckling without fictitious force
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O Inelastic_Proposed (Conventional steel)

—&— Inelastic_Proposed (HSB800)

w
=3
=]

Effective length (m)
N
o
o
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Location on girders (m)

(c) Proposed Inelastic buckling with fictitious force

Fig. 5. Effective length of girder(900m model)
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