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(a) Geometry model (b) without clapboard (c) with clapboard (d) boundary constrain
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Fig. 1 Finite element model
1
Tab. 1 Sectional dimensions
Section No. H/ mm B/ mm t/ mm Section No. H/mm B/mm ¢ mm
Sec1 200 100 4 Sec-16 400 200 10
Sec?2 200 100 6 Sec-17 400 200 12
Sec3 200 100 8 Sec-18 400 200 14
Sec4 200 100 10 Sec-19 500 200 4
Sec5 200 100 12 Sec-20 500 200 6
Sec6 200 100 14 Sec-21 500 200 8
Sec7 300 150 4 Sec-22 500 200 10
Sec8 300 150 6 Sec-23 500 200 12
Sec9 300 150 8 Sec-24 500 200 14
Sec-10 300 150 10 Sec-25 500 250 4
Sec-11 300 150 12 Sec-26 500 250 6
Sec-12 300 150 14 Sec-27 500 250 8
Sec-13 400 200 4 Sec-28 500 250 10
Sec-14 400 200 6 Sec-29 500 250 12
Sec-15 400 200 8 Sec-30 500 250 14
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Tab.2 Out-plane buckling loads
Buckling load kN/ m? Buckling load kN/ m?
Sec. No. Sec. No.
Fixed Hinged Fixed Hinged
Sec-1 0.13 0. 098 Sec-16 2. 07 1.43
Sec-2 0.37 0. 31 Sec-17 3.24 2.32
Sec-3 0. 81 0. 68 Sec-18 5. 66 3.49
Sec-4 1.44 1. 25 Sec-19 0. 45 0.23
Sec-5 2.3 2. 01 Sec-20 0. 91 0.51
Sec-6 3.93 2.97 Sec-21 1. 60 0.98
Sec-7 0.18 0. 16 Sec-22 2. 62 1.69
Sec-8 0.46 0. 33 Sec-23 3.9 2.68
Sec-9 0.96 0. 72 Sec-24 5.79 4.00
Sec 10 1.72 1.33 Sec-25 0. 53 0.26
Sec11 2.76 2. 19 Sec-26 0. 9 0.54
Sec12 4.89 3.32 Sec-27 1. 68 0.98
Sec13 0.3 0. 17 Sec-28 2. 65 1.63
Sec 14 0. 65 0. 41 Sec-29 3. 96 2.55
Sec15 1.22 0. 81 Sec-30 5. 64 3.75
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Fig. 2 Buckling mode without clapboard
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Tab.3 Outplane buckling loads at different

clapboard distance

Without With clapboard
Sec. No.

clapboard 1. 5m 1 m 0.5 m

0.5m.1m.1.5m, sec-1 0.13 0.27  0.302 0.4
3. sec-2 0.37 0.75 0.85 1.14

, sec-3 0.81 .56 1.77  2.34

sec-4 1.44 2.72  3.07  3.98

: sec5 2.3 4.2 4.72  5.99

, , sec6 3.93 598  6.68  8.68
( 3), . sec-7 0.18 0. 46 0.52 0.7
sec-8 0.46 L 11 1.28  2.83

’ sec-9 0.96 2.19 2.56 3.7

) I.5m sec 10 1.72 3.78  4.42  6.35

3 , 0.5 secll 2.76 5.9 6.89  9.76

sec12 4.89 8.52 9.96 13.63

mo 5 ’ sec13 0.3 0.87 0.94  1.22
, , sec14 0.65 1.76 2.0 2.84

lm 1.5m . ; sec15 1.22 315  3.69  5.48

4 mm-6 mm , , , v ) '
5
s s 250 mm

X 500 m m, 0.5m 26,97 kN/m", I m
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Fig. 3 Comparisons of out— plane buckling loads with different space
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(a) the first (b) the second (c) the third (d) the forth (e) the fifth (f) local buckling
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Fig.4 Buckling mode with clapboard at a distance 0.5 m
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Out-of-plane stability analysis of U-section steel arch

CHANG Yu—zhen, WANG Ling-ling, LI Xiao-li, ZHAO Hong5in

(School of Civil Engineering, Xi an University of Architecture & Technology, Xi'an 710055 China)

Abstract Introduced in this paper is a new U-section steel arch which is welded by three steel plates. It can be used as a
single section in steel structure, as well as a composite section when concrete cast in hybrid structure. Arch is the pre-
ferred structure under bearing pressure, but for certain bending moment, out-of-plane instability, which is also called lat-
eral buckling in the whole structure will occur, while local buckling in U-shape section may also appear at the same time.
In this paper, two kinds of instabilities are discussed, and the finite element numerical modelis built. The parameter anal-
ysiss such as different section dimensions, boundary conditions without dapboard along the whole structure, with clap-
boards in various spaces is made. Based on the results above, referred to the formula of thin-wall with open slot, bearing
capacity formulas are proposed which can serve as a reference in the stability design of steel arch.

Key words: steel arch; outof-plane stability; ultimate bearing capability
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