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Abstract Recently, interest in structural stability has increased due to earthquakes. Isolation systems can improve
seismic ability without harming the functions and appearance of existing and new constructions, and they have
established efficiency in foreign country that have experienced earthquakes. In this study, an isolation system is
suggested using a natural rubber bearing (NRB) on a stainless water tank for stability assurance in an earthquake.
A shaking table test was carried out to evaluate the seismic capacity of a non-isolated water tank and an isolated
tank. Displacement meters in the water tank measured the behavior characteristics of the tanks, which were compared
using artificial seismic waves of 0.154 g, 0.231 g, 0.341 g, and 0.348 g with water levels of 0.0 m, 1.5 m, and 2.5
m. At 2.5 m, a decrement effect was generally shown in the isolated water tank, and a bigger displacement occurred
in the non-isolated water tank than in the isolated one at water levels of 0.0 m and 1.5 m. It is interpreted that the
weight of different water levels affects the decrement effect. If seismic reinforcement is done, the isolated bearing
should be designed while considering the fluid storage level.
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Fig. 2. NRB Isolation System and Bi-Linear Model
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(a) Bearing Section(mm)

(b) NRB Test Piece

Fig. 3. NRB Test Condition and Test Piece

Table 1. Specimens of Design Condition

Division Dimension
Shear Modulus of Rubber (G ) 0.4MPa
Yield Strength of Steel Plate (fy) 240MPa
Design Displacement (A) 30.0mm
Compression Stiffness 529.5kN/mm
Ist Shape Factor (.5;) 16.7
2nd Shape Factor (.9;) 6.7
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Fig. 4. Test Structure on Shaking Table

Table 2. Specification of the Shaking Table

Division Dimension

Table Size(m) 5.0 x 5.0
Degrees of Freedom 3
Full Payload(kN) 300
Nominal Payload(kN) 200

Maximum Velocity(mm/s)

XE 1.0 Y& 10

Maximum Stroke(mm)

X& +300 Y= 200

Operating Frequency Range(Hz)

0.1~60




HAnFgo] dxE Ag QL E4329 AFH

Time )

(b) Hachinohe 0.231g

(c) Northridge 0.341g (d) El-Centro 0.348g

Fig. 5. Artificial earthquake

il B
i B

Fig. 6. Displacement Gauge

Al

Al ] 74

=

o

3. =

=<

0
k=
HI
1z

Table 3, Table 4= TYF-9} AJeti-o A <]
WS- o] 83k X742 (Seismic Isolation)}
H] 2712 2] (Non-Isolation) S H|wale] A3k
Fig. 7¢} Fig. 8 L8] 1 Fig. 9= ©]& =43}sto] Yehdl
Aot

3.1 28 AHHY

3.1.1 Case 1 W,H = 0.0m

2H]Rlgl~ BB 7917} 0.0me] H 5 A
H|TA 2] 74§~ El-Centrooll 4] # ] 2.270mm

HE Hola glon, Hxle] A 5YF El-Centro A

L

55

ol A 2.245mm=E YERITE FdFlA = v
7%~ El-Centrool| A Z ] 1.877mm WSS Ho|
Aom, wxle] A9 FYUsk El-Centro A XIT}ofA|
3.586mm o2 Tha WA 2 H9)7} YEith o]

o,

=1

r

welz0) ko] Aoz 7] AALFWHS o
§3 WA T} tha 34 Qe Ao pekE,

3.1.2 Case 2 WH = 1,5m

ZHIRlE 2 BB FA7F 1.5mo] A9 el A
H[H e} 49~ Hachinoheoll A # o} 3.313mm W&
Holal glown, Wzle] %9 FY3g Hachinohe X
gtel Al 2.522mm=E VEFTE Sl A= Bz
El-Centrool A |t 2.009mm WH-&HS Ho|al
W, Wzl F§ Y El-Centro AT oA
713mm o= Case 13} 2ol WlollA & e)7p LA
FaAch W Ao wE ot JiHo R Ao

30 oy oo
o Ho & dp

of (98]

fr ox
w

97k F7kkE PSRl AL

3.1.3 Case 3 W.H = 2.5m

zEolelzs BRI 5917k 2.5me] A9 AL
42 AHEAS ) WEAe] Hste] AukEoR A4
Aagol Ushith Auved: uwde As

Hachinoheoll Al Ht] 7.416mme] WS Holx §lon
WA e FY3 XHTeA] 2.676mmoz Hu)
63.92%°] Frago] e ERA FYHolAE v
W2 749 FU3}HA Hachinoheoll 4 Z ) 5.705mm]
WS Hola glov, Hzle] A FUd Aol
333502 Al 41.54%2] ZAafo] YRtk

g, ) WA A F907h mobASE S
Boh FRROA] e WSHS Rl W, WAl
A9 597t mobAE AUt TN bt
= WSS HE Uehigleh AN S BAG A9 5
91 2.5mel A% WA A gl wh wah ek A
ge1% 5 U9tk



F=AIS71E8 8] =2 A AlTd A4E, 2016

[——

" — — e
= . - X — o
i, £
i
B
B
TR e W W s e Para— “
Time (sec| Time (sec) Time (sec)

(a) KRBDC
Top of the Tank

(b) Hachinohe
Top of the Tank

Dok Accsloaton )

— Hon holated

(c) Northridge
Top of the Tank

Dielacementium)

o
— Nonolatsd

(d) El-Centro
Top of the Tank

— Honlaaated

i i N

Dack Acee

-

[

T ()

Timo ec)

(e) KRBDC

Center of the Tank

(f) Hachinohe
Center of the Tank

Fig. 7. Case 1(0.0m) Max. Displacement

(g) Northridge
Center of the Tank

(h) El-Centro
Center of the Tank

. i | N P
°. B . S '
(a) KRBDC (b) Hachinohe (¢) Northridge (d) El-Centro
Top of the Tank Top of the Tank Top of the Tank Top of the Tank
Ll i V‘ T ” ” T
(e) KRBDC () Hachinohe (g) Northridge (h) El-Centro
Center of the Tank Center of the Tank Center of the Tank Center of the Tank
Fig. 8. Case 2(1.5m) Max. Displacement
e, : I — embotond j I — Mg . — Nonbolosd
(a) KRBDC (b) Hachinohe (c) Northridge (d) El-Centro
Top of the Tank Top of the Tank Top of the Tank
) \ T e ' =
i ""MWW' MWW i,
{ Ll
(e) KRBDC (f) Hachinohe (g) Northridge (h) El-Centro

Center of the Tank

Center of the Tank

Fig. 9. Case 3(2.5m) Max. Displacement

56

Center of the Tank

Center of the Tank




Table 3. Center of the Tank(H=1.5m) Max. Displacement

Case 1 W.H=0.0m Case 2 W.H=1.5m Case 3 W.H=2.5m
Earthquake Non-Iso NRB Reduction Non-Iso NRB Reduction Non-Iso NRB Reduction
(mm) (mm) Ratio(%) (mm) (mm) Ratio(%) (mm) (mm) Ratio(%)
KRBDC 1.505 1.290 14.29 1.522 1.454 447 3.596 1.529 57.48
Hachinohe 1.455 2.553 -75.46 1.880 3.883 -106.54 5.705 3.335 41.54
Northridge 1.861 3.471 -86.51 1.740 3.631 -108.68 3.801 3414 10.18
El-Centro 1.877 3.586 -91.05 2.009 3.713 -84.82 3.784 3.708 2.01
Table 4. Top of the Tank(H=2.5m) Max. Displacement
Case 1| W.H=0.0m Case 2 W.H=1.5m Case 3 W.H=2.5m
Earthquake Non-Iso NRB Reduction Non-Iso NRB Reduction Non-Iso NRB Reduction
(mm) (mm) Ratio(%) (mm) (mm) Ratio(%) (mm) (mm) Ratio(%)
KRBDC 1.533 1.319 13.96 2.382 1.331 44.12 3.999 1.624 59.39
Hachinohe 2.109 1.893 10.24 3313 2.522 23.88 7.416 2.676 63.92
Northridge 1.986 1.955 1.56 3.127 2.129 31.92 5.511 2.933 46.78
El-Centro 2270 2.245 1.10 3.227 2.809 12.95 4.407 3.991 9.44
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