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Effects of Distributed Load on the Static Behaviour of
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Abstract

This study aims to investigate the effect of partially distributed loads on the static behavior of parabolic
arches by using the elastic-plastic finite element model. For this purpose, the vertical, the radial, and the
anti-symmetric load cases are considered, and the ratio of loading range and arch span is increased from 20%
to 100%. Also, the elastic-visco-plastic analysis has been carried out to estimate the elapse time to reach
the stable state of arches when the ultirate load obtained by the finite element analysis is applied.

It is noted that the ultimate load carrying capacities of parabolic arches are 6.929 tf/m® for the radial load
case, and 8.057 tf/m’ for the vertical load case. On the other hand, the ultimate load is drastically reduced
as 2.659 tf/m’ for the anti-symmetric load case. It is also shown that the maximum ultimate load occurs at
the full ranging distributed load, however, the minimum ultimate loads of the radial and vertical load cases
are obtained by 2.336 tf/m®, 2.256 tf/m’, respectively, when the partially distributed load is applied at the

40% range of full arch span.

Keywords : Distributed load, Parabolic arch, Static behavior, Ultimate load carrying capacity, Elasto-plastic

model
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Fig. 1 Geometry of the plane parabolic arches and loading cases
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Table 1 The dimension and properties of parabolic

arch
rise to span h/L=00~05
thickness of arch t=015m
elastic modulus E=21x10 t&/m"
Poisson’s ratio v =03
vield stresss f, = 40000 tf/m’
yield criterion Von-Mises
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Fig. 2 Ultimate load carrying capacity of the para-
bolic arch with increasing h/L

a2y AAEEY A S8 ate S h/LY o
0.29 W 8.057 ti/m’EAM AXEF] A47}
16.3% & 702 yehgdth

opx] FgoA el A-XNAL Fig. 3(a) ¢} 2t

AAACZ AAXMAL h/LY gel &AE de 3
& AAS JeEPRAR h/LY #el Skl wet
3 AL AR ZAH] oW gt o] hL
o Ax= Abgke] x]A-g L}E}v"r,} dAbalEe] AL
hL g2 St wet A7 s 43 QAR 7
4 3tthzt h/Le #hel ok 0.2 01”01“’4 AAE 4
Zoz I AAFHFY Bl wLel @

2

o F7tel wet A7 &% AFS T4 s B
ot LY glel 0.29 olgeld HWe fi%e
2 WSk
o}x]9] L/4 AAelX e AAHAL Fig. 3(b) g
2
600
400 [
200 f W
2 0w L — . e
& 200
8 400
&‘3 600 |
< -800 } -o- radial load
-10.00 —*- vertical load
-12.00

-1400 S
000 005 010 015 020 025 030 035 040 045 050
h/L

Fig. 3(a) Vertical deflection at the apex with h/L

h/L
000 005 010 015 020 025 030 035 040 045 050

0.00 " " s " L n .

-1.00
-200

E 300 |

=

2 400

é 500 -8- radial load
o n

© 600 L -*-vertical load

-7.00

-800 -

Fig. 3(b) Vertical deflection at A with h/L

Journal of the Korean Society of Agricultural Engineers, 45 (2), 2003.3 81



TE3Fo] TEA ok 9 A AT WA 9P

-o- radial load
-%- vertical load

~———
000 005 010 0.15 020 025 030 035 040 045 050
h/L

Fig. 4 Steady-state time vs. h/L

h/LS ol Z& W 44 ¢ AL FHM
Fastglon AAeE9 Bl h/Le % 0.05
~0.15 AtololA, WY 3¢ 0.35~05 A
ojeld F7 @S Ut

S (I8 et ol 288 o oA AF
o] Qg el TZEE ARF FAL Fig. 49} 2,

o}x| 9] AFol A delel] E2E= AR h/L
9 o] 0.1~0.15 AT FALsE S} 747} A
H9E ¥ h/LY ol 0.15 o F¢ AdsF
o] Zgste Aol YAtk AR Ad=H
oS3 st S ze h/LY gelA oY AF
o] oMy AH] EEHE AE AFsFY B+
3562 Qdl whal WAkerEe B4 20442M @
A we] el =gEHUeH EAREY
79 /LS ol ok 9] Ago] el =8
Al oAl 9¥e] 24 Gt

EEZ Helol mE okx|ef st

o]l

2.

3 B A7} ofxlg) 3 s njx&
AeE Folr7] A3t h/Le F 0.15%) kA
Ao PAREE(6.929 tf/m?) 2 WL & 0.29
ofxlo] A ARAE}E(8.057 ti/m?) 9 BEHYE
ofx] A7+ 20~ 100%E EE3IHE AE =%
ustge Fig. 59 2tk

AAHOZ o}x9 I3 3 AAsHFo| &
g3 A% A veigd £ A A7) 35

82

9.00
8.00
7.00
6.00
500
400
300
200
100
0.00

1000 9.0 80 700 600 S00 400 300 200
loading range / arch span (percent)

- radial load
- vertical load

Ultimate load (tonf)

Fig. 5 Ultimate load carrying capacity of the para-
bolic arch with loading range/arch span
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