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The Seismic Response According to Rise-Span Ratio of the Arch
Structure With Seismic Isolation
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Abstract

In order to reduce the seismic response of the spatial structure, a seismic isolation system with sufficient flexibility is
used. The natural period of structure with seismic isolation system got be long to avoid prominent period. In this study,
The seismic response of the truss-arch structure, which is modeled in three types according to the rise-span ratio is
analyzed on El-centro, Northridge and Artificial Earthquake and compared with the seismic response of the truss-arch
structure with lead rubber bearing(LRB). When seismic load is applied to the truss arch with isolation system, the
horizontal acceleration response of the truss arch is reduced and vertical seismic response is also reduced. The application
of the seismic isolation system is effective in controlling the seismic response.

Keywords : Seismic behavior, Dynamic characteristics, Arch structure, Spatial structure, Seismic isolation system

*

shgslel, Juish Jutgjsrel Ak, A
School of Architecture, Yeungnam University
= Qs Adujsta A%k ws, Fehuba)
College of Architecture, Seoil University
wor AR, Y89, deisti A%k wa, FehAL
School of Architecture, Yeungnam University
Tel: 053-810-3544 Fax: 053-810-4625
E-mail: kangj@ynu.ac.kr

AR O EATEES 59 ADF ol 3
g gunTh 4 9 Sl o sl waske
A2 @ & Y, AR7EE AAKE T1E ol
of WAAAE AASHE Anrk R 447
oF WARAE AZAL W S AREN} =
A Ehdths e o 5 AP mep B4
= olgaled nENTEES) AN AN
7) laIAe 9 3 ) W 5

D F A7 (Lead Rubber Bearing, LRB)E ©}4|
TFxE ARH R AHX|sle glo]z-2du]d u}
& ARSHE Hla, B4tz g,

2.1 OIX|7*Z=9| SHEM

A TEEL Wde AR A2 Ar) A
Aulo] ojs) BAZAHo] HSAk eholz= i
zste] Moz At 2R7] Al 9
& 9B AT 5 Utk X9 DAHEES T

re
Hi
OH
]
-
oa]
1o
©
=
(8, ]
()]



o [
B, <Fig. 1>3} Zo] FHA o3 qARE  niRe =z AFARIsHE3 BAste] A&k
9} e ol BHRES AL+ T 0jF
ZJ_-‘—_[L%—%% a‘l,tﬁl.?.}_g]‘ ]:].Eﬂ 33 /tq %}\g_g_i C‘)_l i ) El-Centro
Northridge
ato] A g FH-SHET ol F4E s
gol Ui, pxEe @40 geh +48%e i
A BT 5 .
s

(a) Asymmetry mode (b) Symmetry mode
(Fig. 1> Characteristic mode of arch structure

ojt}y. A% FAE FEEH 7= Atold AAE
o2 HA Fx = A4
e F7101A HojuA aiEt:

W- 712174 2](Lead Rubber Bearing, LRB)=
71 Bol AR-EE WA o], o= o]Fo]
Fol9} o] BAANATE 179 Ao g 74
ot o714 g2 g SR AdlEel 27
A2 oy A] qbedE s S7MIATT HIAA

)

K Y

ol

Ll

1 O “1l"o
A 43 opXFRES YukAQl WATRES] A%
A oIXTREY AFS Holmg WA gtz
Ede & JIE53HS UehA dck meba of
AFZEY 2 g3t REd WAARE 44
317] faiAE olol tigh At 4o 8k

gho]z gl BE WA ojx) TREe) UL

S B8] Yl EHTZ2EL] AZFSH H

0 0.5 1 15 2 25 3
Period(sec)

(Fig. 2) Acceleration spectrum of earthquake load

05

Design Spectrum
Artificial EQ

Spectral Acceleration(g)
|

0 T [ T T [ T T [ T [ T T [ T T
0 05 1 1.5 2 2.5 3
Period(sec)

(Fig. 3) Design response and artificial earthquake

load acceleration spectrum
0.2

Acceleration(g)
=)
|

0 5 10 15 20 25 30
Time(sec)

(Fig. 4) Acceleration time history of artificial
earthquake load

o 7}
13}

<Fig. 4>+ El-Centro®} Northridge #|%]
EadEYRS Y T8zl A
AAVIES vReE AASH7E
ok ARk HEQoz A
0.22gE AR&ste] AA-SH7F
2 AP} <Fig, 5> A7

AEA8IF2 7HEEAAEYS
AsFe] 7lEEagERH] A7
AEHL FARSHA EEE A= A
. 718)3 <Fig. 6> AFA K359
2 agjzoltt. AFAEHEY 7S
#X(Peak Ground Acceleration, PGA)O] 0.146¢g

¢

ofr
> ol
1% rlo dpx

I o
il

(A
o
BN

2
oX,
o
e
(o
&

3F

N

N
£ b &

>
ah
fr
W

i
N

it
hAURC TR | VAR 1 < |
@ 18
W
)
[kl

o

> o K
1% of

N

N
-~

tlo o & i
2

4 B
vo I

q

N
EN
kr
>
S
o

%

riu

56 _H18A M1z SA71Z, 2018. 3



2fo|=-AmH|of e HZ Oofx[FE=2| X|TISH =4

L 2 off oy |o

ol

g

o]

3.2 Okl GiM7==

oA o}x|FZE2] AdA, A= ¢355.6%6.3 & SHo] A Yeh}r] wio m. <Table 1>&
I ARIE ¢216.3x459] S AR 1E2E 37HA] A A TFZES] AFEEE F715 YeERd A

2 et ol Selueteld wAshe A7 3.3 OAITEE0 SXEM

ZoF o B 2= 3

F:{] 7(]{] ]-‘FO At 37}?(] 2] R3¢ <F1g 8>o a}o]z }\‘_]:]]7]_ 1/4°J o]_;z]?_}_%g

B 103 ol3el @R AEeEel 2 T o
2EE e ok AFEREE AR ES}

HAsh, 2.0% oY FrME TSRS .

= 6.7) A RE7F Uehhs debzQl opx7txe] &4

FelEH =4S Mol 9uk whA

2}
1/8%1 7%, 3, 42t {1%5594 )7} v 2 Uel
ut}, o) go)=- 27} Yo

743k 60mo|w gtol=-~aulo] wistel AAIgl  olth dATFEES] FUI7F FEEC A&E A}
AR Gt dATFREY] EolE golza Fo sEEAHEYAN S 34 Jehe o

Aulo] wel 22t 15m, 10m, 75mZ AL F7] FY9(0.08~0.4sec)oll ZHE= AL B 5 Utk

<Fig. 7> gfo]=-291H] 1/4, 1/6, 1/8%] E&j2-

(Table 1) Natural period of arch structure(Unit : sec)
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(Table 2) Property of isolation system(Unit : sec)

Design Upper structure
distance(cm) 10 weight(tonf) 13.569
Yield horizontal h]iffsot:;l
stiffness(Kd) 012 . 046
(tonf /cm), stiffness(Keff)
(tonf/cm)
Initial horizontal Bucklin
stiffness(Ku) 2.08 Joadito n% 041
(tonf/cm)
Vertical stiffness Yield
(tonf/cm) 83.57 distance(cm) L
Effective .
damping 0.0968 Yld‘itﬁ)d@) 3.60
(tonf-sec/cm)
Force A
F max
Fy Kda
Qa
Kefr Ku
Xy Xmax >
Dis
(Fig. 7) Bilinear hysteric loop
, BITITSRT EAE MR REY
REE
BENTETE G TR g SRy

q
g 791 A el 59, 4

T
—
2 MESRS BAsRA B,

4.1 OIXI7Z=E9| ATSH

<Fig. 10> HAAAE
5o El-Centro AZ& ?Vé weko 2 718k 799
AZRSH LEzortk < 0>9] ()¢} (b)= B,
DxX.t} Dz7} =7 UrE]r‘/} AL & 4 Qo v

o] Dx&Fztd Dz kel vi= 242 1.23, 2.00,
22602 gto]=-Zau]7} grole whel F7fshy.
ol glo]=-23nu]7} 030 o]t = Dxe} Dz7t
Al EAYstaL, gho|=-2aiH| 7L wrolRlof| uwhet
Dz7} Dx}Et} § =LA BE 5= 917] wjFolt) 4
AT2E9 golz-2dMul= 7+ 0.25, 0167, 0.125
2A Dx, Dz7} sAlol A8, gfo]=-2giu]7}
53] ©7] il Dz7} DxREth A Yehdt

<Fig. 10>¢] (¢), ()& 7FE3HS Yebd 17
Z2 A, "3 T vl AxxEt} AzZ A o
Ehdtt ol WS HI B2 oFE, gol=-2
H7} W7 wjitel] yehe dde s A4d
o}, golz-2u)7} 17491 B$olE Axst Az7} ul

}\

3 gs 7HAARL, Bholz-2aiu] 7L stopRel] wh
2 Ax, Az8] AL A= As 2 5 9l
<Fig. 11> Northridge A1%1-& -8 oA 7=

Eo W9, 75E8H 1g=Zo|th Northridge #|
s AEAS wol HHSHS gho]=-23HH] 7}
= Dx, Dzgre] AR, DxXE.th= Dzike| =

E} E}. HHE DxH gk Dz thgke] vE =

2, o= alulz} 174, 1/6, 1/891 7AS 74zt
1.22, 1.74, 2272 Jep}H, gho]z-2du]7} o}
A5E DxEu= Dz9o 93-S 8ol we RS ¢

ATk

=

=
3T

H X
_\: rulo rulo

*

58 _Hl 184 HM1Z SA 713, 2018. 3



2fo|=-AmH|of e HZ Oofx[FE=2| X|TISH =4

1/4 Rise-Span Ratio
1/6 Rise-Span Ratio
1/5 Rise-Span Ratio

I HlJ il
§ L

-2
Tt

T Lkt sans

Displace ment(cm)
o
\

0 10 20 30 40 50 60 70
Time(sec)
(a) Displacement of direction X (Dx)
400 /4 Rise-Span Ratio
T | 1/6 Rise-Span Ratio
3 200 | LS Rise-Span Ratio
i
2 7 ihiti \
. h |‘I IIIII "H ;
- i T
?E -200 —
: }
-400 L L B B B B
0 10 20 30 40 50 60 70
Time(sec)

(c) Acceleration of direction X (Ax)

/4 Rise-Span Ratio
1/6 Rise-Span Ratio
1/5 Rise-Span Ratio

*‘M( ‘ )WI‘ 1 Ll

Displace ment{cm)
o

i M | W

B \ T 7
0 1 0 20 30 40 50 60 70
Time(sec)

(b) Displacement of direction Z (Dz)

400

1/4 Rise-Span Ratio
1/6 Rise-Span Ratio

:;5 200 | | ‘ | | l 1/S Rise-Span Ratio

i

< i \'\\ \| l J ‘

3 i 'r\' | \l s

i |\ H

=2

2

¥ 200 —| l‘

<

-400
T ‘ T ‘ T ‘ T | T ‘ T ‘ T
0 10 20 30 40 50 60 70

Time(sec)
(d) Acceleration of direction Z (Az)

(Fig. 8) Seismic response of nodal point a(1/4) by El-Centro(No LRB)
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(Fig. 9) Seismic response of nodal point a(1/4) by Northridge(No LRB)
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(Fig. 16) Seismic response of nodal point a(1/4) by artificial earthquake(LRB)
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