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Seismic Response of Apartment Building with Base Isolation System
Consisting of Sliding-type Bearing and Lead Rubber Bearing
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“Econing Co. Ltd., Seoul 150-903, Korea
¥School of Architectural Engineering and Design, Seoul National University of Technology, Seoul 139-743, Korea

ABSTRACT This paper summarizes the results of a research on the isolate effects and economical efficiencies of seismic iso-
lation design compared with the existing earthquake-resistant design, and presents seismic performance of the base isolation system
consisting of sliding-type bearing and lead rubber bearing (LRB) compared with that consisting of the LRB only. From the results
of the research, it is verified that seismic isolation is very effective to mitigate the influence of earthquake on structures and it is
possible to increase the serviceability due to decrease of the floor acceleration. Also, from the point of view of reduction of story
acceleration and base shear, the base isolation system consisting of sliding-type bearing and LRB is more effective than that with
LRB only. In respect of economical efficiency, special care should be taken in using this method since costs which have to be paid

in proportin to increased performance are high.
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Fig. 1 Typical plan of studied building

Table 1 Design parameters of isolation bearing

@ LRB-1000-64.0
(@) Type 1 :

@ LRB-1000-C4.0

SLR—1000-G4.0

(b) Type 2 : LRB ®1000-BEA+SLR ®800-8EA

Fig. 2 Arrangement of isolation bearing

el LOKN/em'S 71%222 AAE Aoy,
o S00mm7bA 9] ¥ WHE 8T F A=F 3
g Aot} o] 4 2 /47 LRBY 35 F& W4
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N Bearing diameter Lead diameter Shear modulus Lubber thk.(mm) -
ame
(mm) (mm) (MPa) Layer Total |
LRB1000-d240-G4.0 1,000 240 0.4 8 x30EA - 240
SLR800-G8.0 800 - 0.8 6% 15EA 90

Note) LRB : middle lead rubber bearing, SLR : sliding support with laminated rubber pad
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Fig. 3 Frequency characteristics of earthquake Fig. 4 Modelling of the building
Table 2 Characteristics of earthquake motions
Max. input acc. (Apax cm/s’) Dominant
Earthquak .
arthquake type 10 kine 25 kine 50 kine frequencies (Hz)
Elcentro-NS (1940) 102.3 255.8 511.5 2.3~4.5
Taft-EW (1952) 99.4 2484 496.9 2.3~6.0
Hachinohe-NS (1968) 66.0 165.0 329.9 0.4~1.0
Hachinohe-EW (1968) 53.0 132.5 265.1 0.8~2.0
KKAW-2M7 (Attificial EQ) 78.5 196.3 392.6 1.3~6.0
KKAW-2M8 (Artificial EQ) 73.5 183.8 367.6 1.3~6.0
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Table 3 Resuits of time history analysis

Top floor max. acc. (Apu, cm/s’)

Base shear (V.. KN) Max. inter-story drift (%)

Earthquake type 10 kine 50 kine

10 kine 50 kine 10 kine 50 kine

o 1 @ () 2

O 1ol 0@ O3

Elcentro-NS T1 335 &5 1,200 | 300

13,500 | 3,150

66,000 | 7,300 | 0.12 | 0.03 | 0.73 | 0.05

(1940) T2 386 49 | 1,730 | 160 [13,500| 2,100 |89,500| 6,000 | 0.13 | 0.02 | 0.75 | 0.04
Taft-EW Tl 342 100 | 1,800 | 325 |15,000| 3,330 | 74,000 7,150 | 0.14 | 0.03 | 0.77 | 0.08
(1952) T2 346 74 | 1,730 | 190 |15,000| 2,000 | 89,000| 5,800 | 0.15 | 0.02 | 0.76 | 0.04
Hachinohe-NS | T1 264 66 | 1,320 | 250 {11,200 3,500 |57,000| 7,050 | 0.12 | 0.03 | 0.69 | 0.08
(1968) T2 270 39 | 1,380 | 110 |11,300 | 2,050 | 68,000] 5,100 | 0.11 | 0.02 | 0.75 | 0.04
Hachinohe-EW | T1 278 114 | 1,950 | 340 |15,900| 4,160 |78,000| 7,400 | 0.18 | 0.04 | 1.15 | 0.09
(1968) T2 280 50 | 1,400 | 120 |[15,800] 2,700 {72,000 | 5,300 | 0.17 | 0.02 | 1.07 | 0.04
KKAW-2M7 | TI 428 107 | 1,400 | 320 |12,550| 4,500 | 64,000 | 7,200 | 0.15 [ 0.04 | 0.81 | 0.08
(Artificial EQ) | T2 430 54 | 2,170 | 150 |12,800| 2,200 {105,000 5,500 | 0.12 | 0.02 | 0.77 | 0.03
KKAW-2M8 Tl 436 118 | 1,150 | 380 |16,660| 3,330 |84,000| 7,000 | 0.17 | 0.04 | 096 | 0.09

(Artificial EQ) | T2 435 48 | 2,180 | 170

16,800 | 1,900 [118,000( 5,400 | 0.18 | 0.02 | 0.85 [ 0.05

*(1) : Non-isolation, (2) Isolation
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Decrease

Table 5 Comparison of concrete amounts

Non-isolation Isolation
Amounts|Ratio(%)| Amounts| Ratio(%)| Amounts| Ratio(%)
Slab |1429.69 100.0 |1,336.07( 573 93.62 6.5
Tr floor 0 0 996.02 | 427 |-996.02| -100.0

Total |1429.69] 1000 |2,332.09) 1000 |-90240| —63.1

Table 4 Comparison of reinforcement amounts (Unit : KN)
Non-isolation Tsolation Decrease
Amounts Ratio(%) Amounts Ratio(%o) Amounts Ratio(%)
Beam 248.84 6.3 5.1 253 1.0

Column 303.87 7.7 151.93 3.2 151.94 50.0
Wall 1,613.66 41.0 1,093.11 22.7 520.55 323
Slab 1,249.86 31.8 1,171.30 24.4 78.56 -

Tr floor 0 0 1,628.97 33.9 -1,628.97 -124.0
Stair 178.52 4.6 178.52 3.7 0 0
Base 337.23 8.6 337.23 7.0 0 0
Total 3,931.98 100.0 4,807.37 100.0 -875.39 -223

Table 6 Cost basis included ready-mixed concrete

Standard Unit ~ Unit cost Amount Cost(won)

Reinforcement - KN 35,500 - 35,500.0

Tie wire - N 62 8 496.0

Loss 2% of LC - - - 922.7
Reinforcement person 8,411.3 42 35,3275

Labor costs :

Normal person 4,503.1 2.4 10,807.4

Total(rein.) - - - 83,053.6

Ready-mixed concrete 270-12-25 m’ 55,850 - 55,850
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