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Abstract — This study investigates the flexural buckling behavior of stayed columns with three cross-arms subjected to
compressive forces. Analytical solutions for the elastic flexural buckling load of columns with three vertical cross-arms were
derived by considering the P—¢ and P— A effects. Using the derived analytical solutions, the initial prestressing forces that
maximize buckling strength were evaluated with respect to variations in the total length of the stayed column, the
outer-to-middle span ratio, the cross-arm length, and the cross-sectional area of the PS cables, followed by an analysis of the
flexural buckling characteristics. Additionally, the slenderness ratio regions dominated by symmetric and antisymmetric
buckling modes corresponding to the maximum buckling load under varying parameters were determined. The validity of these
exact solutions was verified by comparing them with numerical analysis results obtained using the general-purpose structural
analysis program ABAQUS.
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(a) Symmetric buckling mode

(b) Anti-symmetric buckling mode

Fig. 3. Buckling modes of cable-stayed column

4 Vin
e V(’
[4 rd
? €
M X

e e

<
—>
T\ <
|

5
: \!\ ‘_
A M
m
u -
" U Ve

(b) Anti-symmetric buckling mode

Fig. 4. Nodal displacements of cable-stayed column
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Table 1. Analysis parameters

Parameters Min. | Max. | Inc.

Cable-stayed column length (/)
[m]

Area ratio of cable to column (4s/4)

21 | 121 | 05

(%] 5 30 5
Length ratio of middle cross-arm to 0.06 | 0.16 | 0.02
column ()

Length ratio of edge cross-arm to
middle cross-arm ()
Length ratio of edge span to middle
span ()

07 | 09 | 0.1

0.8 1.6 | 02




Table 2. Geometric and material properties
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Table 4. Critical buckling load according to initial cable force
(1= 6.1m, 8=0.1, y=0.8, n=1.0)

Elastic modulus of column [GPa] 201
: N Critical load [kN]
Elastic modulus of cables [GPa] 202 Icrzlt)llz;l T Rp— ABAQUS
Thermal expansdion coefficient [1/°C] 1.2E-5 i- iti
P force Symm. sAr1111trln ten{metrlz‘:ure Symm. | Anti-symm.
Area of cable-stayed c?olumn aznd cross-arm 633.384 &N || et || S0 Po TR magle
cross-section [mm-] mode [°C]

2-nd moment of inertia of cable-stayed column 83003.831 17.058 | 66.752 | 66.935 -400 66.847 66.700
. 4 .

G| G IR, SOSAEEE 101 [fanii | 34.115 | 56.507 | 57.412|  -800 | 56.457 | 56.777

Table 3. Cable force parameters (! = 6.1m, 3=0.1, y=0.8, 51.173 | 31.278 | 31.599 -1200 30.990 31.197

Table 5. Buckling behavior of cable-stayed columns
(4,/4=10 %)
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This study ABAQUS
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21]10.1 {09 |1.4(664.546|53.839|0.237|1.442| Anti-Sym.

2.6]0.08| 0.9 |1.4|455.698]37.325|0.231|1.532| Anti-Sym.

3.110.08| 0.9 | 1.4 (333.615|27.365|0.227|1.597 | Anti-Sym.

3.6|0.08] 0.9 | 1.4 ]253.548|20.817]0.224| 1.638 | Anti-Sym.

4.1[0.06] 0.9 |1.4]200.379|16.572]0.221|1.692| Anti-Sym.

4.610.06| 0.9 [1.4|162.173]13.419|0.219| 1.724| Anti-Sym.

5.110.06| 0.9 | 1.4 (132.715|10.986|0.218| 1.735 Sym.

5.60.06| 0.9 | 1.4 110.440| 9.145 |0.218|1.742 Sym.
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Fig. 5. Buckling behavior of cable-stayed columns
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