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IN-PLANE ELASTIC BUCKLING OF STEEL CIRCULARARCHESWITH
HORIZONTAL SPRING SUPPORT

YANG Yang, " TONG Gen-shu

(Department of Civil Engineering, Zhejiang University, Hangzhou, Zhejiang 310058, China)

Abstract: An arch is often connected with other structures that provide elastic restraints to the arch. These
elastic restraints significantly influence its behavior. The analytical solutions of horizontally elastically supported
arches that are subjected to vertical loads uniformly distributed along the arch chord are obtained. A
dimensionless elastic flexibility factor is introduced. By analyzing the linear analytical solutions and using the
flexibility factor, a simple analytical formulafor the mid-span axial force and displacement of support is proposed,
and criterions that distinguish between arches and arched beams are suggested. The effects of the stiffness of the
horizontal end restraint on the distribution of internal forces, in-plane buckling mode and buckling load of arches
are studied. A limiting flexibility factor that distinguishes between the in-plane anti-symmetric bifurcation mode
and symmetric snap-through mode is presented, and the formula for buckling mid-span axial forcesis proposed.
Key words. circular arch; horizontal elastic support; critical load; buckling; elastic flexibility factor
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Fig.1 Coordinate system and cross-section of arch
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Fig.2 Model of horizontal elastically supported arch
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Tablel Ratio of axial force at mid-span

al(® 200 100 50 20
90 0.14108 0.14108 0.14108 0.14108
80 0.15419 0.15419 0.15420 0.15425
70 0.16641 0.16642 0.16645 0.16668
60 0.17750 0.17752 0.17762 0.17826
50 0.18724 0.18730 0.18751 0.18901
40 0.19546 0.19558 0.19605 0.19930
30 0.20204 0.20230 0.20334 0.21057
20 0.20692 0.20760 0.21032 0.22886
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Table2 Criterion valuesof z for distinguishing between
buckling modes of arch
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200 100 50 20
90 0.073 0.073 0.073 0.073
80 0.069 0.069 0.069 0.068
70 0.068 0.068 0.068 0.067
60 0.070 0.070 0.070 0.068
50 0.074 0.073 0.073 0.069
40 0.078 0.077 0.076 0.070
30 0.082 0.081 0.079 0.066
20 0.085 0.084 0.079 0.046
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Table4 Spring stiffness at supports
I
al(°) 200 100 50 20
Z= Z= Z= zZ= zZ= Z= zZ= zZ=

0.010 0.070 0.010 0.070 0.010 0.070 0.010 0.070
90 700 100 559.8 80.0 44786 639.8 69979 9997
80 886 127 7085 101.2 5668.3 809.8 88567 12652
70 1157 165 9254 1322 74034 1057.6 115679 16526
60 1575 225 1259.6 179.9 10077 1439.6 157452 22493
50 2267 324 18138 259.1 14511 2073.0 226731 32390
40 3543 506 28341 4049 22673 3239.0 354267 50610
30 629.8 90.0 50385 719.8 40308 5758.2 629807 89972
20 1417.1 2024 11337 1619.5 90692 12956 1417066 202438

al(®) 200 100 50 20
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0.010 0.070 0.010 0.070 0.010 0.070 0.010 0.070
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80 258 37 1033 148 4133 59.0 25831 369.0

70 368 53 1472 210 5837 841

60 538 7.7 2154 308 8615 1231 53845 769.2
50 823 11.8 3292 470 13168 1881 8230.2 1175.7
40 1349 193 5395 771 21581 308.3 13488.2 1926.9
30 2487 355 9948 1421 3979.2 5685 24869.8 3553.8
20 5742 820 2296.6 328.1 9186.5 13124 574153 8202.2
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Fig.13 Model of arch supported on frames
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