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The Optimal Isolation Period of Vertically Story-added Remodeling Apartment

Building with Seismic Isolation System

Moo-Won Hur', Yong-Hun Lee?, Sang-Hyun Lee™™

Abstract: This study presents the optimal isolation period according to the number of vertically expended stories in order to provide the basic data

for the application of the seismic isolation system in the vertically expended remodeling of the aged apartment. As a result of the structural analysis,

the isolation period should be at least twice the primary structure in three-story vertical expansion, three times in two-story expansion, and four times

in one-story expansion for the effective application of the isolation system. On the basis of the result, the efficacy of an isolation system for the actual

apartment structure, which is three-story vertically expended, was analytically verified. The maximal acceleration response on the top floor reduced
by 70% and 65% of the non-isolated structure in the X and Y directions respectively. Additionally, the base shear force decreased by 30% in the both

directions, compared to the non-isolated structure.
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Table 3 Details of Isolation Bearing

LRB (Lead Rubber Bearing)

Outer diameter(D, mm) 500
Lead bar diameter(.D, _mm) 90
Rubber thickness(1mm) 4.0
No of rubber layer 25
Total rubber thickness(imm) 100
Steel plate thickness(mm) 32
1st Shape factor S, 31.3
2nd Shape factor S, 5.0
Lateral stiffness(kN/mm) 0.9

o] 2831 FatE A E etk
Table 1 Vibration Mode Shapes
. X-dir Y-dir Z-dir
Mode no. | Period(sec) mass(%) mass(%) mass(%)
1 1.10 66.0 0 0
2 0.50 0 65.1 0.1
3 0.12 0.1 0.1 65.3
Mode 1 Mode 2 Mode 3
AN | s |
(I Yl | === ! ‘ ‘—A ﬁbﬁ:&—ﬂ
Table 2 Wind load & earthquake load
Story Story | Weight Wind (kN) Earthquake (kN)
level(m) | (kN) | Force |Story shear| Force |Story shear
Roof| 39.0 3702.3 12.2 0.0 839.0 0.0
I5F | 364 | 43343 | 243 12.2 908.4 839.0
14F | 33.8 | 43343 | 239 36.4 835.3 1747.5
13F | 31.2 | 43343 | 233 60.3 762.9 2582.8
12F | 28.6 43343 | 22.8 83.7 691.4 3345.8
11IF | 26.0 | 43343 | 222 106.4 620.6 4037.1
10F | 234 | 43343 | 21.6 128.6 550.8 4657.7
9F 20.8 | 43343 | 20.9 150.2 482.1 5208.6
8F 18.2 43343 | 20.2 171.1 414.4 5690.6
7F 15.6 | 43343 | 194 191.3 348.0 6105.0
6F 13.0 | 43343 | 189 210.7 283.1 6453.1
SF 104 | 43343 | 18.8 229.7 219.9 6736.2
4F 7.8 4334.3 18.8 248.5 158.8 6956.1
3F 5.2 43343 | 18.8 267.4 100.3 7114.8
2F 2.6 43343 | 18.8 286.2 45.8 72152
IF 0.0 - - 305.1 - 7260.9
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Table 5 Earthquake waves

No. Event Country| Year Station M | Vs,30

Pidemont Jr High
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—
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2
Effective Damping, [{9 or By By or By Factor 3| LomaPricta | USA |1989|SF-Pacific Heights| 6.9 | 1,250
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=2 0.8 5 Chi-Chi Taiwan |1999 TAP067 7.6| 808
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20 1.5
30 1.7
40 1.9 L0 : v ; :
>30 20 —— KBCS,x13
& 5 —— KBC-S,x 1.3x90%
8 — KBCS,
s Average
Alzd g 06 \‘
< 04 ]
s
5.1 Ex|EIE 3
& o2} T,=3.08 .
B Aol 8H JEA 52 FA-$Fs4 S B3l A4
T =0.4s - —
At} Bx)2 sl 412 9)3he] v)=2] PEER Ground Motion 05 : 1’ : 2 . : 4 : :
= 13=]

Databaseoll ] A7) kol ] S48 iR 17] 8- 4185}
gk bR AZE 9o Autzzio] PV, 4>

70 SIRIPESFICEX|#2|REHE =2 F ® 233 H3E(2019. 5)

Period (sec)

Fig. 10 Frequency contents of used earthquakes(DBE)



=
~

=
)

=4
o

Scaled Acceleration (g)

Scaled Acceleration (g)
S = =
— = — o

'
=
36}

=g
o

!
—

'
=

Scaled Acceleration (g)

L:<—0.383g L2 0.2 T T T T T
- X-dr. — X-di.

—— Y-di. |

(=1
I3

S
=
)

E
=1
2 ‘ TN
I g 1‘% wlw‘ r‘\“‘u{f";} & | u H% \;
7‘5«:‘ e o | ‘ ;‘% RSN o e .'“?‘
e 4 oA
< l ]” |
3 [
{ 2
S
wn
«0.163 ¢ _
p ; 02 ; : ; ; :
10 20 30 0 10 20 30 40 50 60
Time (5) Time (s)
(a1 (b) 2
13 - 04 5 v 3 3 . . N
& i
= ‘ o Yedr
2 RRTIRE
g " “ I ‘ ‘
— i) V".\y_“. b
s
< G 1
- il 1 3 il
ER Yo7y 1
1751
: . 9-0328g
04 e
o 2 30 0 10 20 30 40 50 60
Time (s) Tine (5
(©3 (d)4
: : 0.2 : . . : :
%-0189g | X-dir. — X-dr.
N “ S Y-di 01 0115 Y-dir

(=1
0

T l Avll-'v-rlv' i
Hh W i {H g

Scaled Acceleration (g)

!
b
| 1)
\ | l U “ '
i
L 4, -
-0.122g -
_0.2 4 4 _0.2 r r r r r
0 10 20 30 0 10 20 30 40 50
Time (s) Time (s)
(€5 o
02 B 1 1 T 1 1
(0162 X-drr
01~ ‘ Y- dr

0.1+

_OAZS_ r r r r 4

0 10 20 30 40 50 60
Time (s)
(&7

Fig.11 Acceleration time history

J. Korea Inst. Struct. Maint. Insp. 71



Table 6 Analysis results

Displacement(mm) Acceleration(mm/sec2) Shear(kN)
Story | Without isolation With isolation Without isolation With isolation Without isolation With isolation
X-dir Y-dir X-dir Y-dir X-dir Y-dir X-dir Y-dir X-dir Y-dir X-dir Y-dir
19 98.4 45.1 98.5 62.7 3854 4869 1241 1713 0 0 0 0
18 91.5 41.9 97.6 62.2 2954 4315 1247 1709 1463 1876 554 661
17 84.5 38.7 97.5 62.0 2229 3791 1232 1718 2735 3806 997 1081
16.5 81.0 37.1 97.0 61.8 2048 3547 1239 1701 3170 4639 1278 1380
16 77.5 35.5 54.7 21.7 1866 3303 2603 3825 3604 5472 2049 2021
15 70.5 323 50.1 19.9 1717 2983 2003 3299 4169 6870 2219 2442
14 63.5 29.1 453 18.1 1846 2818 1419 2934 4496 8021 2968 3568
13 56.6 25.9 40.4 16.2 2092 2689 1012 2689 4863 8946 3570 4516
12 49.9 22.7 35.5 14.4 2243 2635 1146 2509 5144 9707 3933 5298
11 433 19.6 30.8 12.6 2402 2661 1477 2383 5341 10337 4101 6023
10 37.0 16.7 26.3 10.8 2537 2642 1760 2336 5412 10911 4129 6713
9 30.9 13.9 22.0 9.1 2618 2585 1956 2281 5539 11485 4024 7332
8 25.2 11.3 18.0 7.4 2622 2454 2048 2182 5934 12241 3890 7994
7 19.7 8.8 14.1 5.9 2521 2276 2007 2052 6355 13030 4123 8707
6 14.7 6.5 10.6 4.4 2345 2046 1851 1873 6792 13722 4552 9422
5 10.2 4.5 7.4 3.1 2078 1806 1657 1714 7189 14301 4984 10048
4 6.3 2.8 4.6 2.0 1785 1591 1474 1571 7493 14756 5386 10549
3 3.2 1.4 2.4 1.0 1545 1453 1395 1467 7755 15076 5714 10900
2 1.0 0.5 0.8 0.4 1411 1397 1405 1430 8025 15258 5903 11104
1 0 0 0 0 1449 1449 1449 1449 8155 15328 5975 11184
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