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The evaluation of applicability of spectral element method for the
dynamic analysis of the spatial structures
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Han, Sang-Eul « Lee, Sang-Ju « Cho, Jun-Yeong

ABSTRACT

Recently, the necessity of efficient and exact method to analvze structures is increasing with the
importance of the seismic analysis. But the finite element method used in many field do not give the
exact solution unless the length of the element is very short enough to represent the deformation of
the element. Because the amount of computer calculation increase with the increasing of the number of
degree of freedoms, the finite element method for the exact dynamic analysis of structures would not
be efficient. To solve these problems, spectral clement method combined spectral method using the
principle of wave mechanics and finite element method for the analysis of discrete models is applied to
evaluate the behavior of the spatial structures. As a result of analysis, it becomes clear that the
spectral element method is faster and more exact than the finite clement method.

Keywords: spatial structures, time history analysis, spectral element method

A2 A7) WA e Fa4d $A A8 SAAN Bg Lane) TR eov
oo] WA Nzl Rl Wam AHeA Y% S ol SN ALe WS Fa Aoz A
2dth 53] 719 dol 2ol Y RELAYS FREY AAATS B34 ekl A ey
0% W 4o BaRde] a7 AUt Qo g #2)

s 7

=1 =
Ha E AFellAe strdste U8 g o83 A9 E Y WA (spectral analysis method)3} o
o] el AFT Ftare duE Ao $dF 2HEY 2 AW (spectral element method)& WETH
ol

[e)
N
229 AN At

* 439 e Qdslietm HETE w4 Emailr hsang@inha.ackr
wx B e sty A& BK21 A Sd Email: kyotolsj@empal.com
wkk 45 Y o O FFHFA Email: flare@jugong.cokr

Session 24, Nonlinear Analysis Il _789



& Aol Yath dsie] BAE olgate] 2MEdR LG At A @ 2AEUI LG &
Bt} e TRES %%’ﬁﬁﬂ H& sgah, dojd MeHE 4 HAANCPU timerE FE8LY 254

| : & Wt
g B FEase AN AYAEY] g Aol geAl L s

T2EY HNEUALE FRE B4 ol B (fraveling wave)?t BolA €A 8 A standing wavel?) ¥
FREHE 71E Rugigon fetasyn del P 19 e} gl
o} Bt dispersive refation)® o] 880l whe)l A lnumber of waveyst WESFY] R Hxd #E
e 2y WEed e 2dT & FojdwiiFourier transformist o ol ¥ EHinverse Fourier
transform) & A B3 oAl HEAH A 03‘3% & Akl del A A dojdd *’F suck, ojgl el o
Fdderne] PR AEHE olfdto] vRE FHAEE d4de shgelA] Felelwetg o Fi
V’”ﬂ?} Hsr HEE aguggdyelen 5‘}‘4 el ‘ﬁ‘?‘ﬁi G YAHEE AMRete] AR}
2o AL EXFE‘ 77}*"} of dobg B g 4 glong WNESel Bgd A d4EsE e
gatA 8 5 0117} ofef ¢l dlEdfAEN Fohasye
e ’1] 7hadsiul o @ skl A o) chéu ” "‘ﬁ =% ”53 e
A, E5k Bl ARE Aejshins gAYee] gud §4
]

po 2 1
v gtomy Fehasvydd va ddHe =y ¢ A

ol off
o
HY
>
-f>* .
. 28 of
o
T
&
iy
:—L
vl
q.{*:
§

am e 0:;

“/";"
&

o
=
2
o‘

Hy Fel SARNEE B T 428 G+ ag v newsst PRE £EYY

Hozie Fox HERA AY fEAnz R GHENs YDNE BA YA WY 5

3t Y SAPYYL0] AgWEst BHYEe] AGH R FuAo] W Fol FAHHYo|

BeA omE FRALNANAAY FANNY] Helo] ek 2@y % vk Walse WS WA

win 29 38 sdEdasys] AR YE RelFE sEEoly AMEY HAVCLY 23 WuYE
Aoz F4g Bde 72

OB . AHEZG M 7



EETI =R
F(y

|

A

|rEEi A 2
F@)

3=

- EERE
Fla)

3. AMEHQAO HAS
B Ao Ae wErel-2d] Hat Efres R HEFarZ2RE 29 39 2 AFF
Q] I3 5] = % )L v T 5 = =
| 22028 443 0, 929 2% % AEAD PYS FELLYH FUREE A% 2
Aok (7 849 s YL AT
¥
JARY x T, v,
d ’ 1 )
¥,.6, 128,00 i,
P A’( ; Xz’ﬁ.
Ajzl!gzl N N
' M;:a'gxz
2,9, 2,
T8 4. FES YoM 3R Bxes
X 121 . . -
3 - by 0 0 0 0 0 k., O 0 0 0 0
v . . .
. At b, 0 0 0 ko0 F o 0 0 £,
~ R by, 0 kg, 0 U O ks, 00 <k, O
111 1 (?-“ Fer O o0 0 0 kg g 0
{‘\41 ‘9\7’/1 0 7"‘;32” 0 B2y 0
Ale = "i(, | Hjl [i( ] e 1‘;527 0 0 0 l”:sgn
X, Py ! dyn
2 Uy 0 0 0 0 0
):2 Vs sy 1;“31 v 0 0 lgs_m
Z, 10, 0 kg, O
M, 6. fow 00
%’2 ‘?ﬂ Fsn AU :
M, ., Ko |

Session 24, Nonlinear Analysis I _791

(1



. . EA, ; > N e . y
Ky = kpgs = Uy Deot{k, L) Koy ™ ks, AiL‘k;‘(m(kpl)bmh(kﬁi)%-xin (kpldcosh kgLl

Kang, = km@—.'l,{L - cos{kpllsinh (kL) + sinlkpllooshikyLH

. . EA
S S .
Kyip = Koy I k, Desclk, L} ko, = - A LkpsinlkpLisinhik, L)

Fay = by = (;'1( ky Lotk L) kg, = AQL Kei-sinlkpl) - sinhi{kpL)
. . ‘o ' Ky == Ky = ALkl an ULl + st (k]
kqy = kg = = (kg Lesclky L) ks, = &, L3 sinlkeL) + sinh (kpL)]

kg, = ésss: = A& L leos (kpLlsinh (k Li+ sinlkpEeosh (kL)
&gx:z = ’;344: = Azf*'zf ~eos {kpLisinh (kL) +sinlkpLicosh (kpL);
s = kgay, = A Lhgsin(keldsinh (kL)

Finge = AL~ <m(1¢;£) ~sinh{k L]

ffm»z- e km;;z = A Ll —oos (k) + con ko]

kggs = AL sinlipD) + sinh (kL]

£ | kel Iy oA T
v 13{1 —cos (keLYoos i (ky L) | ke \:E«l ke= Vo ”V 7
EL| kil |
T SRy e }
PP eos Uk ddoshi kL)

4. HBL FEALHO st 2HEBRAYY HBM HI}

AL e WILHE RRasYNE vay A3,
el g A B g2 Jehdin sl AZEE o 20t WE Ao
Z

¥
4
-1
Im
52
e
a2
[0
)
oX
Ho
)
o o
3
fans
=
Ao
i
e
3
i

42 2MEB Q40 HEM B}

HEd eas AE BEY 1A AEEe
Fad W A4E ashAe A A, 9
SAR" R0 off A xel FAglel 307
® R fascl AF g FAY e
W nol aavh 2Y FREAA R 44
B AolE Fetasyuc A8y gl 4948 4
A8kt

A= 889210 % m?, I=12x197%, ] N2
x ~
J=240x107¢ olc},

T8 5 86HHE 24RM sz



Load (K

Displacernent {om)

100
50
¢}
50
-100
1 2 3 4
Time {esc}
a8 8 sEE
FEM{T)
& e PEM2Y
e £ W)
e SEM( 1)
5] Li)
£} w4
e g
-
T Y T T T Y u T
ag R 1 15 bl ] 25 30 35 4.5

Time {sec)

1% 8 23¢ HY ZHrEr ¥ig

Dispdacermert fomy

s FEMY)
o FEMZ)
e FEMS)
—— SEM(1)

1 T u t Y J T y
8.0 k-] 10 5 2.0 28 38 35 4.0
Time (sac)
g 7 23% HE Xeek e
@
£ 18004
H
5 14004
ol
% 12004
1000 4
B
800 -
406 -
2060 4 l
-4
FEM FEM2 FEM A SEM 1
Hethod
27 9, siAAIZE Bl

23
o
T
s

solel "4l

oo vhepd Aofh vl gt

237l Multi Frontal Sparse

£

Session 24, Nonlinear Analysis 1 _793



Gaussian® & ©]8-8to] 1 A7|& WHste] AT & glovt, 2dEdaas4 Ao tdd AL 23
£ 91 fls) AFE AN T ouEAAd Ao dEy she2 e AMEE] diieln XE 3

5.4 =
B ATAE Bl BEn PaEe AgelgRNe noh e R S5 sk »
AELe sy Hasgon 1 A%t vedt 2ok

() w5l DA 2E P Ao cdederye Gue YT R Al FRLAWUG AN
B ANE VR, ARALYE Do) LB Tk $ASYS AART oI PN AolE u
o3, S8 WY FYLLE AFVEAYNA W9 % WEFI|E A2 FAS 2= F 2 Aol
& Vehation, AMEGRAUE WESl QAEE ols WS AAAY AEPFE TAHC A5
e ARE ANSE Aoz

@ A%9 2 222 T49 1397 2404 2688 FA 2L MR HNF 2%, FResUe
829 B glolis FRAY BN sheh A2 Sl ARE AR FHE A A B ok
e Aol e TaTe Ay A Ha Y o4 eyl Basniy BuHH, nr 4A% Y

i
35 gAHoRE 24RTE SN dert o 2FEHgANE T 24RE Y
e
=

Qi Ae AL 5 A%

(3) 20 40me] BE A G B oz v 2AEd e o8d N AT HRdel,
B FRLANNY Ao AFDETDNA HOAAE ol 3] E 0AE nolw WEPNE T HHHA
Fah, g fEefd) Ane BANE oue oAF neth & sUEdesdANEE AFE
o B PRE o1 H89) By el

B9 ATAE QARY F24 AEL WnA & e
pobAt A% YT AMRCIE: 2EE)e AR A ANARE 77 BEA)
A FHo) FF E Y LENY FAHNY A8 Wey Aoz Anyoh

#ZHALe| 2
T 206 AANE7| AL ANF:2005-33305) B H3r)|eR S5AdTHAE SRS e
gn A4 ASE AT A (FTA N ERII-2006-056-01004-0)8] AFH] A Qo2 o]Fox Aoz ol 7

O

HIgd
ojF (197) 29 EL QLN G o83 T2 598 )4, qlattheta WEy vALE =T
HAZ (2002) F}8AY, BT w TP
Doyle, James F. (1997) Wave Propagation in Structures, Springer.
Tedesco, Joseph W. (1998) McDougal, William G. and Allen Ross, C., Structural Dynamics : Theory
and Applications, Prentice Hall.
Usik Lee (2004) Spectral Element Method in Structural Dynamics, Inha Univ. Press.



