B3TE B4 K2 XFFROA KA F MO Vol.37 No. 4
2017 57 A Journal of Chang'an University(Natural Science Edition) Jul. 2017

NERHS:1671-8879(2017)04-0112-07

S bty 2 F T 3R SORE VB b R R i

% R HHEM.ERL AR
(KRBT R RS E#SEE W K7D 410114)

O OEATRIN A4 EEFTEMEA TES R RN LR ERRBETRAR T k. T E
B TSR AR EARE L ERBOEANREEREFEAR . EFT TR X
WP AR R oM T BB ARG RS RG SRS PR A SRS AR FATT AT
WIiE, df Fid A2 KR A AARR SR X AE R 6 R v B A h B 4, R AR MR T B 4 K13
P RA ML IFEB AR R R EARBALE B SR R A S TR M
HELEMNHZ AR R MAFE 2 AR X AT E SRR R oM T R A
AT 2 AR AT PR AERBTE> LN YR, FREREAA . RAL B kit E
W LR RIS A RAF, T AL SR M K & B 09 3 A2 A B R W A0 5 2 B W R B A A2
Lk L ARG HRE A RAFRE SRR RERTILE 5 REARL B RS0 B %
P, 3k Mt B8 O B B W Fe AR R BB B R W 95 R L SR AR AR B I AT B B 0 R LA k6 R AT
B TR — I RARBDM M E AT, B2 R0 EH £ — A2 IE R R REM
HRABGEMEAE, EIVEPTRTEESRBEB S RELEIBETA R LHEAX,
TAHARAENEZ TR TEE R LR E R E W BT RBRBEAE,

R AR DAL R BB R AR R AR 6 R AT

RESES U441, 2 XHERARERD A

Solving of buckling characteristic of elastically supported shallow
arch under concentrated load

PAN Quan, YI Zhuang-peng., ZENG You-yi, YAN Dong-huang
(School of Civil Engineering and Architecture, Changsha University of Science and
Technology, Changsha 410114, Hunan, China)

Abstract: To find a research method that can solve the nonlinear stability of elastically supported
arch with arbitrary arch axis under arbitrary load, the buckling characteristics of a planar shallow
arch with vertical elastic supports at both ends of an arbitrary axis under a concentrated load were
investigated in this research. The nonlinear equilibrium equations of dimensional normalization
were derived and the distribution characteristics of buckling paths and critical loads were studied
by an example. The analytical results were compared and validated with the finite element

analysis results. The buckling modes of the beam, which has the same elastic supports as shallow
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arch, were applied as shape functions to expand the arch axis, external load and structural
deformation without any truncations. Then the equilibrium equations of basic equilibrium states,
primary buckling and bifurcated buckling were obtained. The corresponding relationship among
the external load, the structural displacement and internal force of structure was established, and
the equilibrium paths and critical loads of the primary and bifurcated buckling of shallow arches
were further achieved. The effects of elastic stiffness parameters on equilibrium paths and
ultimate load under two kinds of buckling conditions were analyzed. The results show that these
two results match well with each other, and the presented method can trace the whole buckling
process of shallow arch structure. The primary buckling and bifurcated buckling exist
simultaneously. When elastic supports change from symmetry to asymmetry, the primary
equilibrium paths split into basic paths and independent separated paths at specific locations.
Some bifurcated equilibrium paths transfer to primary one with the appearance and disappearance
of corresponding critical load points. The critical loads are only sensitive to the smaller elastic
constraint parameters. When constraint stiffness increases to a certain extent, the critical load
will no longer change with the constraint stiffness. The solving equations for planar buckling of
vertically supported shallow arch with elastic supports and arbitrary arch axis under a
concentrated load deduced in this paper can eventually provide a reference to realize the analytical
solution of nonlinear stability of shallow arch with elastic supports and arbitrary arch axis under
arbitrary loads. 3 figs, 27 refs.
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Fig. 1 Shallow arch with vertical elastic supports
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