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A Study on the Characteristics of dynamic Behaviors for the Spatial
Structures using Equivalent Lumped Mass Model
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ABSTRACT

The earthquake-resistant structural systems have to ensure the sufficient stiffness and ductility for
the stability. For those purposes, recently, the performance design concept to increase the degree of
absorbed energy level of structures has been proposed. One practical way of the performance design
in the spatial structures is to apply the isolation system to boundary parts of roof system and
sub-structure to obtain the target performance. So, it is necessary to examine the characteristics of
dynamic behavior of spatial structures governed by higher modes rather than lower modes different
from the cases of high rise buildings. The objectives of this paper are to develop the equivalent
lumped mass model to simplify the analytical processes and to investigate the dynamic behavior of
roof system according to the mass and the stiffness of sub-structures as a fundamental study of
performance design for the spatial structures.

.4 B

F229 YALANAE AT A4S FA6 Susnz s A5AAY A Azsd 77 @
28 £9"50 YAY, YSREE APA 22D AQA AANE obd BRY 2AS AR Rea
gl

T dAoln. AeAdA# A A T2EY F4 F AAUITHE FUANHLEN TEE0] §F
7bed g FUA7IE Aolgt A £ i, FEAT dEstd HAVIES #AHE oAl UF
Ha o

gt 7289 ¢ WA TE FEA77] A8 Ui, A, dAA 2" =9e] A4Sy glon,
T TEREN WALANME WIANSE FRE £ e FEAEHOEA o) A2dd dg o] F
7HE 3 ok 58 w3A29E w4 SN AYYAUAE FEE] FFFoIH AAFHT FHY &
& A ARATIE Aol JhestER, A% F T2 ETE Atold WAl 9 £ e AFE

Autet 2 HgAel g AF7t AgHn Y =@ AR B FZ9 A 1%%5—/@_9_ FRTZ) FA,
AF 9 243 59 Ao 2A 4% g Ao g4y Y&, 0|5 1t AR F FF AAR
* A3 . Qdustn ALSR @S

** A3 . (F)PlusTR 24 7ed 72 #4479
wx QlEietn AZFsty AL BF



¢ "est ok ARTRY FYALEE AP WUt Gk 42 B T2
£ oA HAAE BYE % mcq, $5A Peths 4SREE AT A%, A § 72 4%
=2 SRR 57208 49 AAHT + U1, A4S Mgoz ANLES

H1
ins
2(_1‘
rir
rlo

A% HAE FYRYE PeldE AS, T2
P Page aAzed 990 A4 oIF A
AE A% ANYY) $YE e

EE Ay 23 F2EY U N FIAY FE
9 AFL Az} Bed IA F¥E wew 2HY dF
T flon, =g Aaudy B3 ol s)sty HdE
37 Aok o2 &) AFETIF B WL T2ELS ‘H*—Ml %

€ A7 A § 729 57X Aol d3 3¢
7124 A72AM T2EY S7/IRYEE FY5a 229 BEA
el WE B} F T2 AFEHE THEH

& Azto] £adth
& 7229 ASEAL dota] A
. _

2. i3 +=32| SI=2E

a9 12 FT2E e 92 dHs o2 AARE J|EeR AF F 7ERY SFTEE TR
A7lA Tz F4E 2322 MY, A2 Aed AAY HY A% G5 AYY destE
EHoE F2E¢ 19 29 Zo] 243 ¥

S$pF2E G439 15 292 /T 4 9on, £9 T 43 ¥sish $4%E F9E g Pye
2 7168 & ) AR ol7lolAE BEBE A%kl $HY XYPOR o|FHE A9E tET o &
$TE 2YE 22 Folddt B FHNUAR /ST | dE] 4 F T2 AATIAE X4S

3 TS FYAN7 B Aow dFI

- ~~

J 1 P
REEES “1
—nE
l o——
sz -
ug
a9 1 RFEE e U dEHAE F 2% 2 =7 2d

AN XgPe] dIANAEEE dga DE a}%ﬂ—% 123 B39 WAL u,, u,o2 W AR
% oolth ®, ANEY A

zo) AFE my2 Bk
FzE Eda ”Z}li gsiel 2, 83 E%% Aol By 48ASS FAZ BTk X
e tg Yoz yshd 5 9

B
ox
ofr
B orr
offt
m‘_Z
o
24
do
A
11'.
e
o
o
ar
)
2,
_l
© >
i)
ofd
f
b
U
y
)
of
S,
H
o%
1
U}ﬂ 3
-

(M {a}+ [Hu} + (K {u} = — (M{g,}y, o)



AN {u}, (M], [C], [K]& zZtz 93] vEds A5AF vEagds 74 deYds 34 vEgx
oltt. E&, (¢} X% AT A ARGGAFoln, AFeFE AY e XHF WY s
AE 1, 2 o)9e AR taldE 0 ok, wabd {¢ 1= 48 A Fo] X4t AR EAstng,
(&Yf={100100 -} )
FEY T, HA4 AFAFREY A5FE
w? [M]{u;}= (K] {u;} ®)

22 T, drlolA ok i% RS DFAFFIY nEESE 4Y § TR AF m,E IFL

2 453 o] Atst @

{ui}T[M] {u}=my 4)
$97x0 3¢ 540 mE ¥ F 72 GUL 2N A%l A¥ § P2 W9, ASES 94
T A BREE, {&}94 3FE) B u, E o)Ede tg o] FAET
{u}= {51}”%0 + Enz q; (t){uz} (5)
i=1
{uh+ (e }u,= (& }u, + {& ), + 2om:a: () {us} ®)
i=1
71004, ¢;(t)E dPshigoln, nE REZAAsoly g 4o FHHL
m = {u} T M{& } {u} T [ M) {w;} @)
4% § Tas pTael detel FHIds 92 olgstd et 2ol depd 4 Stk
SEp+86Es,=0 8
©, 0EpT 6Epe A7 AR E TR, SETR U sMEdely, tgd o] Yeid £ gl
8Ep = o{u} (M {a} + [Cl{u}+ (K1 {u} + [M]{€, }u,) )

885 = 6,0 —uy){ @uo}+ 8w Imyp{utyot wy 1+ 8Cu ) { @ 1+ 6(uy )my {uy +u, ) (10)
710N, Qp Q€ HAFET 139 BdYolt. WA 4 B)F 4 @ WS, ¥ =g +uE 3
g AEstd e gL geds Joz FEY & ok

- .
mgy 0 0 O 0 0
oy, r| 2 ZU1+U
5 0 Mamy 0 0 0 0 v +U
21 10 0 - 0 0 o{l%
: 2 :
8y, 0 0 0 n,my 0 ) 0 yn +u +
Sl | 0 0 0 0 m,0+(1— Enf) 0 || usotu,
du, i=1 “ +u
Lo 0 0 0 0 my| %



5 T_ 2h,w,ntmy 0 0 0 — 2hw iy 0 y‘l
Y1 0 hpwamimy 0 0 — 2hywarimy 0o |]>
6y, 0 0 - 0 : 0 y'2
5, 0 0 0 2hwmtm, = 2ho 0 14 ¢
‘;“ro - 2h1w177¥md = 2hywymymy -+ — 2hyw,mamy Mgt E2hiwin?md tep A U
Uy =1 u
L0 0 0 0 — N
5 T. nwim, 0 0 0 ~njwimg 0
BV 0 im0 0 —nledm, o |[®
Ya 0 0 . . 0 0 y.2
+ 5;171 0 0 0 ntwimy —ntwimy; 0 Z‘/-n =0 (11)
Strot | —nlwlm, ~ njwimy - — 2rwhmy Yintwimy+ky — k| (Yo
du, i=1 Uy
0 0 0 0 - kl kl

4% % F2E Y 20A BE ohe} go| 23 13 2dY H43d nile AFYFOR v 2
3% & ot ¥E ATAR iZE REIF my, FEI Ky, FEZHAT G 247 G5 2ol
et £ o

My =nimy, kg = w?mdi, Cai = 2hika w; (12)

A7lol A RSl ute} Zo] RERNYS ol&FoEM, A% E 728 9B IFAYes ¥ ¢ g
o g2g A4 BE & FRA2HY EAold AR wel gExw dwbges fEAFH st 0HA
E o]4o] HEE Adggict

3. 57 REE 0|2 HBL F=F2 &Y
31 84 2ea iy XX

MM mdo A% = 72 g 39 o= sy Sue 2o 2@ 0m Wiz 30°, AR 617, BA)
15674, %4 9E A 12em’d Ed A 2dot}.

¥ 1 8“& E"‘,‘—ﬂﬂ %—‘?—E:’L—;‘L_

ES ] 20m
I 30°
A % 617
5 A 1567}
‘ 2AEH 12’
a9 3 84 2d

A8 A= OY 49 El-Centro NS X ZA#z £Hubge] AEg ugsigen g NH&E=s
341 7em/s?o] ). '



e
b
L

o
-
1

400 7 o Aga=31Ii2

i
33
I

o
»
1

ACCELERATION
[=]
)

Modal participation factor - n,
(=]
w

o o
=1 o
&.
===
—
—
—

01 02 03 04 05 06

-400 - T T T T 1
0 5 10 15 20 2% 30 Natural frequency - T(sec)
TIME(sec)
I - A . _
¥ 4. EL-Centro NS A% 29 5 M4 2ee D4FI% BERIAS

32 Eo | X|EE|:

a¥ 59 B9 F¥AAd g REFAAE gt & R aF4FE0 9 RERGAs TRAEREE
eERgeh. adel Yehd uie} o] BEHAA S E IFIFTEEE § o
3 Eooly, B2 FHA R 8] & dFA/ET $do| Arie Aoz Agdr.

33 59 8 &%

a2y 5247 8/le) RE=E AL SIRDE st Ao stgxet A =
RS AF F Dnie AR F 12 Aol A718 Yehie Rolg 47 § 7& BE9 ¢
aAZuo|th(dV|dME s fFEAFHTL REW). Y E=E AL Feo FEAH
Dt =0911elth 19 6& S/IRE AMRde sIEE $7 Hug BEE H\ﬂ%& Rolty, F7izd
o Y & AARLTY vnd o AFWgoz PHAE HT FHHo SHAE HTo oxE
Holx Qlt. a2y 72 S/t AXELe ¥ &7 Adigt £X& vud Aotk Friede A
He ARG vugd of AP Z H6HANE Fx FHEFOR SHNE FE Q42 Sy
SEHE 227 A9 fle Aoz vehARl A7 pge] S At & Aoy YEikth

—o— 8 modes(X) —o— 8 modes(X)
7004 g "iﬂﬁﬁiﬂii&‘)’ 50+ e 11”2:::&(,)
RTEATRTNE | —v— 11 modes@) —g=8Tg—0 | —v— 111 modes(@)
600+ 0 o o
_ 3 - ! 4
G 5001 \ g x
§ 400/ \ g 90 / \
8 £ 7
8 3001 8 2]
g = o s 3
0, <
< /, 104
100 /vx/v\ /v\v/\7 o o
£ . 0, S 2,
. V.
o] LN VTN, oL LN LNEA,
A A A o} A
Ridge node Ridge node
19 6 A9 2o e AU EE §9 39 7. A" B @2 HY A9 3¢



£ 93E Yohusl A% STz 43

1z, 2 He 94 59 AEE 39, 9

:-_l,
oyl
o¥,
o
[
AR
i
3
=
é)(é
3
=3
r__).:‘
Jm
S
M
[
Jm @
=
Y
[
|
fu
3
ok
>
Ny

4.5 49 39 Wake Ysng,

AF Wl @& 4% F TZ Ridge noded] o 93 7t&E $€E a9 8 Hd 74 & §°
2 29 9 dehim, A 9% 49 $9e 19 10, A 9 W9l $9L 29 1] deied, A
o +% U $Ee A Faol B AT WAE HolA WAW, Yix $RE I,

—ea—10 m, 900 4 —-—1.0m_
200 —e—0.7m, 800 /V\ —o—0.7m,
. ~A-0.5m, ~ 700 ,_W"/“'N —4a—0.5m |
@ 160 ~v—-02m, “a 1 —a——n —v—02m,
5 5 6001
8 120 § 5004
5 5 400
g 80 & 3004
< <
40 2004
100
[ T v T T ——y 0 T T T ————
A [o] A A [o] A
Ridge node Ridge node
a9 8 372 YFAs g a9 9 pTze sl o
4% § 72e A A4 H4E 8¢ 4% § 729 A 59 HEE 39
104 —e—~10m, 50 . —e—10m,
——07m, 8 R e — —o—0.7m,
] oo /gu\s;s\
= M |-v—02m, = 4 \\ —v—02m,
£t 64 T 304 / Y
5 2 /, v\
E 4 g 204 / \A
g g
(<] o v v
24 104
0 - -— 0 _—
A A A o] Al
Ridge node Ridge node
a9 10, 372 Azl 9g Y 1L SpPRe Al o
4% & 729 AY 474 WY 89 ® § 729 Ad +3 49 3%
—8—1.0k| 800 - —e—1.0k,

% 0.7k 700 —~e—0.7 k,
= 4= 0.5k | = —4—0.5k
) —v—02k, G 600 —v—02k,
§ § so0
3 £ 400
3 2
§ § ¥
< < 2004 — v/‘:r-——v—-—-'*-v-——v\\v

/\ 100
—e, 0 -
A A o] A
Ridge node Ridge node
a9 12 72 FPustl o a9 13 sRTze Bt g%
4% & 729 49 4% /4% $9 43 B 729 JY 59 T 89



—o—1.0k,

10 . %, om0k,

—o0—0.7k,| -V . S N Y —0--0.7k |
801 s \ 205k
~ 8 = 704 e N Ty
5 5 60 // S+
5 o € s0] o _V—‘v—v—s\"\f
§ g 40 /o — g8~ i 0,
i - S N
& & 3
2 204
10
[+] [}
A o] A’
Ridge node Ridge node
a9 14 FRFR FAEste g a9 15 ARFRe A AT
4% § 72 A 94 99 ¢ A% 5 TR HU 94 09 9

24 Wgo) BE A% § & Ridge noded) H1l 97 7H4E $9E 29 12 A 49 H4E 8%
2 29 130 Yehis, Ao 97 99 98 19 14 ) £ 99 $9¢ 29 15 Uehiged, &
o 2 W9 SHe 449 Badl M 94 WHE HolA AT, Uolx $BE FolET

a9 169 17¢ AF WBel BE Y F P29 AY A4S A WIS vehiz, 19 183 19%
24 Asel hE Ao AASES A WAS dehie, 29 203 21& I} B Asl BE BF 5
72 AARY HEE 0,09 BEE UL o] IYSHE, 4% F T2 $9e ST 43

249 dsjel mah Wale u, 9 ¥ A B ¢ 5 Uk

—o— X-direction —o— X-direction
—o— Y-direction 401 —o— Y-direction
800 %q:b -8 Z-direction J ~a- Z-direction
g 600 =
:
2 204
§ 00 _é
;
< 200- 10
0 T T T v T v 0 T T v v T T
] 100 200 300 400 500 0 100 200 300 400 500
Mass(%) Mass(%)
a9 16 sHR-F2] AFustd g a9y 17. Mz AJusd g%
#% § 729 AU J4E 8% 4% § 729 A0 99 87
—o— X.direction —o— X-direction
4000 —o— Y-direction a —o— Y-direction
-4~ Z-direction 1204 /b i Zodirection
o] \
—_ jo i)
< 3000 P/Eh'“b £ 100 %
5 o = g0 g
H ; : ;
-‘.E 2000 4 o g 4
K] a 8
3 7
< 10004 £ [=)
o]
/
0+—=— T ; —

Stiffness(%) Stiffness(%)
a4 18 a5-TZe ZAdWstd og a9 19 Rz FAgwslel] %
4% 5 729 Ay NIEE 89 4% 729 Ad @9 ¢9



g
Q
3 R
8 B

3
[=]
o

Accaleration{cm/s?)
8
L=]
Acceleration{em/s?)
~ o
8 8
fj\

| w‘\f ] ™
500 1 e
- 7
- # Moy

i
2064 *
100 200
0 T - 7 T T s o ~ v v ™ T +
V] 100 200 360 400 500 0 100 200 300 400 500
Mass{%) Stiffness(%)
2% N Pz AEshl og u, ) BE a3 2. SR AEse) 98 u 9 BE
4. 4 =

= ARz Agstd AAEHL e Y3
0. EY $/E2E ojEst TE2EY HEEYG ¥ %‘&% sotaid o, §e a7tz ¥ B4

hV
ol
2
o
>
ojt
~1
B
et
fijo
off

D) BE FxAME 4t 23 7E 2] uxe REgo] F2E9 AF Aol

2) FEAHE 09 A= 3k Full 299 43t vlaag e o, TFEMEE $89 23w A A,
AH7MEE &9 eate & ALE Yyt

3 4% 4P 4¥ AQY GE A F TR WY 9 £ ¥ S99 0-0HHE FEo
o, o} u P} F& ¢+ U

3 T2 dFelU A T Bgd o AR F 729 S A F¥S wod, 2L AAF
9 X% 7HEx $9F FAR A% 29S¢ & Stk

wq@o]%h QAL EA
Fasgon, 4% § 722 9
%J:m QF A otk

=9 e F2EY AT 54E A7) AP 71249 o

SES B 1
4§ AT SEA 71 A8 WY AL B5E ALHIE 2ol

2D 28

1 BEE, "SHESS FAT BEREn B mEEE o € WELE FE, s B g8
L 3, 2003.10

2. B AR, “EMBIEOMBES SN L RINECHT 2R, SBEEREAE, 2003

3. IR B RE F—LanBWBE) & BT 2 ETVHE, SBEMRERE, 2002

4. Ani} K Chopra, Dynamics of Structures-Theory and Applications to Earthquake Engineering, Prentice
Hall, 2001

5. L. Meirovitch, Computational Methods in Structural Dynamics, Sijthoff & Noordhoff, 1930

6. Joseph W. Tedesco, Structural Dynamics~Theory and Applications, Addison-Wesley, 1999

7. Robert Levy, Analysis of Geometrically Nonlinear Structures, Chapman & Hall, 1994

_10._.



