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Dynamic Behavior of Plane Parabolic Arches with Initial Deflections
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Abstract

This study aims to investigate the dynamic behaviour of a parabolic arch with initial deflection by using
the elasto-plastic finite element model where the von-Mises yield criteria have been adopted. The initial
deflection of arch was assumed by the high order polynomial of w; =w,(1—{(2x/L) ™) " and the sinusoidal

profile of w; = w,sin(nmx/L).

Several numerical examples were tested considering symmetric initial deflection modes when the maximum
initial deflection of an arch is fixed as L/500, L/1000, L/2000 or L/5000.

The effects of polynomials order on the dynamic behavior of arch were not conspicuous.

The most unfavorite dynamic response occurs when the maximum initial deflection varies from L/1000
to L/4000 if the initial deflection mode is represented by high order polynomials.

Keywords : Parabolic arch, Elasto-plastic model, Initial deflection, Von-mises yield criteria

7= 45 28 59 Su9ue
A9 THHE OE 7294
1 o olthL e 5 Ak
$ Solgith, ol A0z A
wejo] el

o o;')‘j re 4
1 X
i~
=1:1= O

g “H%_'-C’ﬂ FEe AN 7%

At g, sdAEvie 7L
A dishd, S3719(F)
*  Cormresponding author. Tel.: +82-62-530-2152
Fax: +82-62-530-2159
E-mail address: chojg@chonnam.ac.kr

2% A 129 4
am S9] o F4qHplDE FEA0E o
A53 vjgo] oHET] WP oA AdRE &

A, 2% § 4% 7z2d ¥ Aed 724
0]1:}—3)’7)
A @i 331 Azho] & FxEO] o

Tl 6hr°l HstA] 437 el FF e
HUoRE kA% A7} 7hsstgth 28u A
2olls A dd71ed wHoR A1z RaAle
A% @ 13es HenV? Asrige) ug

67



27 APE 2= 9 EEY o}X 9 ¥4 AE

gof me} g FopR= vk Ak o 4o
Ae 5 gAEssi 40 g=d” w33,
AR F d71X) % FHEE e A9} Yoln
£ T 4842 2318 AA L U

FH F2 AL 2 oXE 1 TRINY &
A AERER 38E 9 AZ £ 59 )
Agel o] 271 Ao MUY 5 A7 9|
A 27] AL ofx] FZE] F7HHA $¥9
Az SRR A3 T L vHn 9l
o2 AUg Hye daME wEA meEolor
#3197 Zienkiewicz'? S UHde 1% A
A2AY 3PS ATET, Robert Kao'?V
£ 197835 1980\ wxd 7] ¥ Z+=
THRY B3 FH2Y AN 7] d¥o] 7Y
2o U3t 58] 2 9 vt A @
@ oA 29Y= ge 45 opAolM YA 2
& e ALY 74 54E d-v9x4 2de
AHgE G3e4 S & b glon FA2VE
< A2 ZIYE Y] uigsFe] o3 4
AsAM 271 Q9 JAQJeR A% FH EHE
A7 wh ok a3y olA7AE 27 ARE
2 24 ofx|9 3 B4 #% A7E 1F
g AAoly, Ed A Z7HA] o]FofF AFE diF
¥ ok AFe 73 HAUE AHERY A
ol AL $£AHAVY m= gaE Py
o2 N3 AEZA oA E FHd BAZ A%
A& A9 & Aol

weby 2 AoME 23t HH sy
A48T ZAY iR e 7)asta uAdy
A nAy e Fatd 2] HAE 2@
IEA ol BH A% EAE molgo
H EEXMoIX| O] AA A Ao} T4 54

a

tlo U rif ol o

+ QES s 1 B40] ok

gotel o zE fRe2NE A
o §ELE FHIN V-2 2dS A
ov} AL AFE BAY §2 AT 7

A e Von Mises &8 &l me 24¥

3ot
I. Retes sy

27) A3E& Zc B9 TEA ofx9 T4 &4
PHORE FEALYS AREGoH old A
¥ 2aE 8-23 FUAET Qaolth EY #
a4 A3 oM e d-24 Zdo] A8
it

1. B2 S

oh

7t Bt T UEY

X2 oA FF AF #Y JolM AMdE
frges A5 3N nejd B-44 249
T4 3342 vg 2.

Age 2PATE viAdE dATHe 2 &
H-HYE A7 FYA &L 540l Yt 9
A 2AATE 4T I HEE 5 9
=5 35399 hde dusg davt o

Az 52 @AY T4 ()0 AT Z2
FEZPS UEY o dojdun sPgsks Aol
Ayt olt.”

A7IM, x : B A
Az ol dold ¥ Are AT w4
F23 2AFROE ofFojnn e £,

4 @l Jaid &9 F

S5 sFotE =8 A468 A23F, 2004



= D de,
= D(de ~ dg,)

18], Von—Mises:= $EET (F)} 24 ¥
& FF e (deyAbold 718 FAAL A<

fa82 o 383 wys
FE70 74 BAE AR oY H2A 4%
943 A3 WA5E olgael Foa o 2

A7NM, ds: AR BY FE
w2y, @& Age FEE BE (KL
THe3t ol €t

Kep=fVBTDedeV ........................ (10)

FiEE e FREY QAR t,0lM9 F
LA tgw 2o

Man + Cvn + Pn = Fn .................. (11)
A7l M AF ¥d
C : 74 34
P, A% 249 9y

F.: 2% 99 Hg

a, - 23 75 9y

va i 23 §& Hg

A9 T3 FFPFAL 249 AF v R34

9 FEo|EZ o] 49 s RESH WHoE 7
2 F Ak § 40D Y AREETeRE AF
CRENRE L RS L R B A Loy ?—‘Vé’i.*
R 1f dHE olfdke - FHWOR
Uz Ao 72EY F3 B¥ A AF
e A% FAAA HYPo2E t+ 41949
WY PRYoERE AFS Tohe BA4 (implicit)
st By PPNoRE AFE T8
T BAA (explicit) #Ho] Aok HAZ 544
PHE A S A 8 & AT dE Tt

[‘

gl deog AR ¥EE At
o W ANFS Q7stn WAE P2 B4
T A ANFOR g 78 ¢ YA
T A AA sejoleitt. BAA AR
FAHEHol A3, FAY WeRMEe

Al

z
B2 TR

4
&l
a}
Rl

Journal of the Korean Society of Agricultural Engineers, 46 (2), 2004.3 69



Z71 HA& e BY LEY ofXo 4 AF

Houbolt ¥, Wilson—6 ¥ 12|31 Newmark

uh ol Qlth ey BAE Wi Azt 714

o /o= FHsA FF GHE o] HE

of BlEd & ARAE AT £ e FHo

glomz E =RdAE EAF W FoA
s

He A8l HES YA

27 AL ZE ¥d LB olxY ¥ %
27 AR 3L Fig. 17 2k

oj7|M hE o} 9 FFoAMY Fololm L&
ofxl9] xiztolt}, T3t wilx, t)& USJAITE tollA]
3] HA golth A wilx, 0)& 27| AA golth

B Aol ofx9 27] HAL A(12)9 7&
12} o EE A(13)% 2 APTZMeR 7}
A,

w; = wy (1= (RufL)™ ) eeevmensireeerssiniinins (12)

A7NA w, : oFXY AAIMS A 27] XA @
x o okx9 gAZ o ZRE Az
. o}x| A 7F
c &7 A9 RE AR A%
elel g4
n &7 AR RTE AR A%
ool A4

Wi = Wy SIN (AT L)rereeesrereereinniienniens (13)

oA71A w, @ o} AReM 2 Ho x7] AAH
5 oplY dARoRREY A
L ol At
L 7] Aol BT AR AgRA iy
2Eol gl 1 E o gRE o o 2
AAZ 27] A2 77 D WAkl BE ABE
79 QAR L /1,000~L/5,0008] ¥9) WA 3
Hata et

70

Fig. 1 Geometry of plane parabolic arch with initial
deflection
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Fig. 2 Time response of vertical displacement of

clamped beam

TSI =TH A46A A2E, 2004



EX LR

s
Elaca

Mcnamaray FU4RHEHLY ALgsle Ay @
# 2.29 em(0.9in) & 11 FY FA) sy
Mondkar® = 571 8-2A ZFul/dsd 224
28 #8324 Yo 1.96 cm(0.77in) A
o & dATelAe T2 WL oldstn 5709 &
A2AM BES #HAFAH std FFH $E2
Fig. 2¢} 21 Hdl A4+ 1.95 cm(0.768in.) 2
A Mondkar® 9] Z3¢} YA 5 Ak,

V. sliAof
2d AolAzN AHAAR ofx FZEL Fig
3@ 2L A EEAM ofAZA oY 249

$2e T84 o2 24T WO 20 5E §

Table 1 Dimensions and properties of parabolic arch
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Fig. 5 Time response of deflection at apex of arch
according to initial deflection type
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Fig. 6 Time response of deflection at apex of arch
with various initial deflections
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