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ABSTRACT The number of earthquakes in Korea is gradually increasing, and recent earthquakes in Gyeongju and Pohang caused
serious damage to piloti structures, a common structural type in Korea. Therefore, this study evaluated the seismic safety of a piloti
structure following seismic reinforcement of hoop rebar and the design of a column isolation device. The isolation device was

designed at the bottom and also at the top of a column in consideration of repair and replacement. Eigenvalue analysis showed little
difference in natural frequency according to the seismic design of hoop rebar but a reduction in the first natural frequency by
approximately 15~21 % with the installation of the isolation device. The maximum displacement also decreased by approximately
20~22 % and the maximum stress by 43~73 %, depending on the position of the installed device. Compared with seismic reinforcement
of the piloti structure with hoop rebar, the isolation device absorbed displacement induced by an earthquake within its allowable
range, which results in simultaneously reducing structural displacement and the seismic load transmitted to the structure.

Keywords :

1. M

r

20161 9€ 12

129 73745
A2 L-1978'd T gkl = %=1

5 AFA oA A S 4f 5 5.8
A7 =5 o 7 A gk 4R
|Rolt}, o] & Q18| A& Fd 3} g T B2 )| 7p
AYslel 0w I ZE|(Piloti) 73 P22l 55 o]k thAlt)
Fefo] Z x| w9 FH ke HEZ A A H vk BEE 7%
= A% AAE 15 7] Fel sl A v A2 = 51 glo], A
A Al 792 Fel &3l 7]F ﬂxj ek = dE A L] B
FY A GA TS TS
A 7} 3 %ﬂ Z] %7 %7} ol 2| Xl o v~ F oFsfrt.

2017 112 15Y A5 ZEA] B ol By 415 5.4
I AR E ZAYE F-2&ol Bl gt vl &l = 7FA gkt oY

N

*Corresponding author E-mail : jh.lee@inha.ac.kr
Received October 13, 2020, Revised December 04, 2020,
Accepted December 29, 2020

(©2021 by Korea Concrete Institute

piloti, seismic design, isolation device, eigenvalue analysis, seismic response

o FUA AL A Eo] 7
S EECELE!
TRESFEA AP O
2 219k
e AzE FRE PEE 35
W IF A AT A s o
5

- r
ox
off 1, ofrl

¥ ojo 2 L 0 el e

4 o} = ﬂ%f‘%—‘ﬂr Pr%oh 1i°ﬂ% s
= ool EATHA| kot A x| vj-- F oFshrt,
of| M= =3} 37 QE 9l o]-F-2 FAZE ?i% AA
ghstel o F s AlahdA BrE ] =
2 AHEsion, 2017d 7] 1L ¢7F 2470 g 0]
TH(Choi 2017).

AR YAY #5E AR 1999 el = €] AR
2.0 o]/ Az HAY 371 2k 403] Gl 21, 20161 ol = 252
B A= E v whebA ] o A3 A SleEr) 7] sk
Ao F7pskaL lo] v A Xl e 2 5-E gkl gh X]Oiﬂﬂ}

B 7 qloh B8, o] o 32 RIS At B A% o] kA

M

_\1m o
i
B

n‘_
2
2
H
1m 2

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/ 271

by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



—

FF o Z AN AxdE B2 A7l st

TH(Hong 2017; Jung 2020; Ryall 2020).

AE) FEE Z7he} ) A7 WA F7h ol A
ot ool A D 2H 725w 2 kA e gk Z e
A3rsHAl skt

2ol M = AR 2 A A a7 E 2

Z2E 7229 AdS(15) 71wl theto] wd o] 1t

[¢) z“s}LHz EﬂJJr ™ 2 xLx] /\4;<]oﬂ /]-0—}117‘4_] OLAA S %@]

s} Aok T %ugh BFA R EEGAZL A Sl 7F 7

WY ARE AFEE FENELY AR AFE T

ZAA 7}01CE}°1(MOLIT 2018)2 FaLate] A A8
AR LTS A Aol i

T W g AR A of W T
24 o, Maﬂﬂﬂﬂﬂ%%%% )2 A sk el

£l

4
i

o
=

H

L

>

AT FENEHY AR A5E 7244 7t
o] =2}el(MOLIT 2018)% Fadte] that AZE 1255
]

At 2 ES & 148 m, o] 13 m, 3£°] 12mo|H
2A}S- F3Elo] 5= L%o =o]=3mo]|t}. ZF =2 n}
S (floor slab) 7} 1%9] 7e AEZAB Eo|H 2~459]
WA= B 2 Eolth 25 vhetahe Bl HelHE

A 5oy, 3~5%S S B R A EojQlt) 222 H 9
FAE= 600 mm, S EE= 120 mmo]H, 3~5% EHH T
200 mmo] o}, B | 7= 200 mm©] T}, Fig, 12>t H =2

El 5o gt A4 H e Wl B 75, S8 Aol o
3 e A Q2 AL w X E HojET

2.2 3509

TFE AL st FE A Y T ks
IR FFREL AT FRE AFEE AR5 G
T 2L FA) o] K& e sto] Alabskdth Al 5] @
=L FIYEE B KNM, A2EIYEES 25 kN/m*e] o}

& ES :rLZUH‘I‘—TO—i(Cho et al. 2006)2] A A5 EE

(

J
|

Fust] FFXEQ 2452 AF ”(dwelling)i} 5 % (corri-
dor)- & (entrance)- Al ‘:P(stalrs) TS 1y FEsS 48
A a1, 552 22F(loof top)©ll EH?T_ stE 02 Akt o
™, Table 1°1] YR ST},

2.3 HZEIFX|

r

— O
e N

LN flor
om0

HAEY 7220 ASS 7ol 282 | =
53 (rubber bearing)S A -2}, 2 51 5L
RG] Aol A S, dlo| g AlE 53 22

2 ALg¥0] itk R O FEE /)5 2718

oL T oy

al
kil
=
-

il

272 | et=2232|ESE| =2%] MI333 MI3= (2021)

14800 14800
= =

slab
RC

i
1
4233

3000

1]
0
0
il

slab
RC

4233

13000

slab
RC

wall
plain concrete

1]

0

]

n

L

4233

3000 3000

= = =

beam L L I T
RC 4700 4700

a
psi
=
S

g 52 %8 %% %é (b) Plan view
1175
(a) Side view o v e . e e e e e e i
100l § o o o o o o o o o o 200
1175 s I

[ 1 575 100
e | (d) 3rd, 4th story slab

60 145

120,

60

" E::j

600
300

e o o 0 60

XX

700

(c ) 2nd story beam & slab (e) Cross-section of column

Fig. 1 Side and plan views of structure and cross-section
of column (units: mm)

Table 1 Superimposed load (units: kN/m?)

Room type | Floor i3 0| Toce
Dwelling, Ward 1.8 1.3 0.6
Assembly hall 3.5 3.2 2.1

Corridor, Entrance, Stairs| 3.5 3.2 2.1
Roof top, Balcony 1.8 1.3 0.6

Table 2 Mechanical properties of lead rubber bearing

Vertical stiffness Alllowable Thickness of
(N/m) bearing power rubber
(kN) (mm)
1.579x10° 1,602 80
Horizontal stiffness Allowable shearing Total height
(N/m) displacement (mm)
(mm)
1.053x10° 200 306.8

Note: Vertical stiffness is defined using a specific pressure of
13 MPa, and horizontal stiffness is defined using a specific
pressure of 13 MPa and a displacement of £100 %
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Fig. 2 Seismic waves with peak ground acceleration for
Gyeong-ju earthquake
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Fig. 3 Numerical modeling of piloti
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Table 3 Lateral displacement of the structure at the maxi-
mum displacement at the top (Case-l)

Frontal direction

Lateral direction

Location - -
Displ. (mm) Displ. (mm)
4th story-Top 11.21 11.47
3rd story-Top 7.12 9.22
2nd story-Top 3.34 7.60
Col-Top 0.73 1.74
Col-Bottom 0.00 0.00

Table 4 Lateral displacement of the structure at the maxi-
mum displacement at the top (Case-ll)

Location

Frontal direction

Lateral direction

Displ. (mm) Displ. (mm)
4th story-Top 11.25 11.34
3rd story-Top 7.15 9.07
2nd story-Top 3.33 7.53
Col-Top 0.75 1.83
Col-Bottom 0.00 0.00

Table 5 Lateral displacement of the structure at the maxi-
mum displacement at the top (Case-lll)

) Frontal direction | Lateral direction
Location
Displ. (mm) Displ. (mm)
4th story-Top 9.19 9.06
3rd story-Top 6.24 5.05
2nd story-Top 2.02 1.42
Col-Top 0.57 0.75
Base isolation 0.00 (6.10) 0.00 (6.62)
Col-Bottom 0.00 0.00

Note: Values in
isolation

7|13l A 77 A HEIYR

parentheses are the displacement at base
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Table 6 Lateral displacement of the structure at the maxi-
mum displacement at the top (Case-IV)

) Frontal direction | Lateral direction
Location
Displ. (mm) Displ. (mm)
4th story-Top 8.59 8.82
3rd story-Top 491 5.25
2nd story-Top 1.72 1.85
Base isolation 0.00 (4.25) 0.00 (4.90)
Col-Top 0.00 0.00
Col-Bottom 0.00 0.00

Note: Values in parentheses are the displacement at base
isolation

Table 7 Maximum stress of column

c Frontal direction Lateral direction
ases
Stress (MPa) Stress (MPa)
Case-l 9.77 9.42
(column-bottom) (column-bottom)
Case-Il 5.80 5.24
(column-bottom) (column-bottom)
3.29 3.18
Case-Ill (column-top) (column-top)
4.66 4.65
Case-IV (column-top) (column-top)
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