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Abstract The research, development and use of seismic isolation systems have been increasing with the gradual
development of structure safety assurance methods for earthquakes. The High Damping Rubber

Bearing (HDRB), one type of seismic isolation system, is a Laminated Rubber Bearing using special High Damping
Rubber. However, as its damping function is slightly lower than that of the Lead Rubber Bearing, a similar seismic
isolation system, its utilization has not been high. However, the HDRB has a superior damping force to the Natural
Rubber Bearing, which has similar materials and shapes, and the existing Lead Rubber Bearing has a maleficence
problem in that it contains lead. Thus, studies on HDRBs that do not use lead have increased. In this study, a test
targeting the HDRB was done to examine its various dependence properties, such as its compressive stress, frequency
and repeated loading. To evaluate the HDRB's seismic performance in response to several earthquake waves, the
shaking table test was performed and the results analyzed. The test used the downscaled bridge model and the HDRB
was divided into seismic and non-seismic isolation. Consequently, when the HDRB was applied, the damping effect
was higher in the non-seismic case. However, its responses on weak foundations, such as in Mexico City, represented
increased shapes. Thus, its seismic isolator.
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Table 1. Specimens of Design Condition

Division Dimension
Shear Modulus of Rubber (G ) 0.7MPa
Yield Strength of Steel Plate ( fy) 240MPa
Design Displacement (A) 19.3mm
Effective Period (7] ) 0.69sec
1st Shape Factor (Sl) 153
2nd Shape Factor (.9;) 1.9

S Wga0 |
¢ 142

¢ 152

(a)Bearing  Section(mm)

(b)HDRB Test Piece
Fig. 1. Test Condition and Test Piece
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Fig. 2. Dependence of Shear Strain
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Fig. 4. Dependence of Compressive Stress
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Table 2. Experimental Results of Compression Properties

Compression Stiffness (kN/mm)

Test
912

Standard
+30%

Design
965

Error
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Table 3. Similitude Law for Pseudodynamic Test
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(b)Accelerometer

(c)Load Cell

Fig. 6. Setup of Measurement Equipments

Table 4. Similitude Law for Pseudodynamic Test

ATY AP R A4S B s nEREel BANy A7
© 2-Dir. Position Sensor
® Accelerometer
A Load Cell(Axial+Shear)
Deck

1 2 | B

\_Base Isolator Load Cell

\_Pier

Shaking Table

+ooooooouoooo\
Fig. 7. Test Structure on Shaking Table
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A Z17]22¢] El Centro, Taf& B £&lo] Jk ]/\1 %“gd

Hachinohe®} AkitaZ} Mexico City#| %!
71 AR 1Y Az ARSI
Y= Ax9 /| 8+= Table 67 2t

Division Dimension
Plane Size 5mx3m Table 6. Input earthquake wavest
Shaking Table Weight 100 kN
ng "able Weig Earthquake Record PGA(g)
Vibration Direction laxis (Horizontal Direction) Akita N-S Nihonkai Chubu, May 23, 1983 0.19
ita N- X
Max. Displacement +100mm Component N-8, M7.7
El Centro |Imperial Valley, May 18, 1940 034
Max. Input Speed 500mm/sec SOOE Component SO0E, M7.1 -
Max. Input Acceleration 1.0g Hachinohe ~|Tokachi, May 16, 1968 023
N-S Component N-S, M7.9 )
Max. Moment 500 KN'm Mexico Cit Mexico City, September 19, 017
Frequency DC-30Hz exico My 1985,M8.1 )
. Sylmar, January 27, 1994,
Northridge M6.8 0.34
- Taft N21E  |Kern County, July 21, 1952
AlS{HIEH ¢ ’ A
3-2 =8cH (H+V) Component N21E, M7.5 0.16
A% AL FH doly SAuge 9, Wl 2
7Holn, o5 1514 Table 5, Fig. 73 2] 1w7}9] 3.4 Asizal 2l 2
2| A A g A=) A =] s N~ AAsta, 7 -
1A= A2 sksAE 270 J5kaL, 71 3.4.1 W2k Aloto| A=
= H 2 A7) A=] S J-H Z} - -
Zh-o} A A2 gA|HE, st Aol 242 M AE Aghe] S MELEE 7k RS o] 45 1|7
A x]s)d w3l JEEAE v X 2| A A 54 . o -
axskglty. =, 7k |27k ARAR A 2 #(loslation)?] 7-%-¢} ¥ BH(Pin Bearing)< 418
S AbXLTL 2o)o) zFzr 1A Bzl - =
Hi, ARt Sl 22 101 Rkt H) 717 )(Non-Isolation)$l 7$-2 v walic}. 4w
9] $H7IEE Mexico City A% B9-5 A3t
Table 5. Location and Number of Measurement R AL 7] RS A}8S u v xR
Equipments -
Ae)e] 5ol Hlste] Jabe] AHbE el 94 2
Nll;:j;grenrzz?t Location No. Al Yebtl 53] El Centro A2 61.4% 7431531,
Hachinihe *]21-& 53.5%, Taft A 2-& 56.3% 7435}k,
Load Cell Pier Top, HDRB Bottom 2 omz o -
PGA7}t =&+5 AXAg ©E ado] 7189
Displacement |Base, Load Cell Bottom & Top X . - el o
Transducer  |Base, Load Cell Top, HDRB Top 3 th 2124} Mexico City ~ el M= 3] e
;Q_Qal— 0 Als Oul-o ] o, Z=713FS o} 2=
Accelerometer |Base, Load Cell Top, Deck Center 3 el | 232 4% S/Hehs &
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Table 7. Max. response acceleration of deck (g)

Table 8. Max. shear force of pier (kN)

Earthquake Non-Isolated HDRB Reduction(%) Earthquake Non-Isolated HDRB Reduction(%)
Akita 0.338 0.246 27.3 Akita 9.98 4.12 58.7
El Centro 0.658 0.254 61.4 El Centro 18.15 437 75.9
Hachinohe 0.557 0.259 53.5 Hachinohe 16.17 4.29 73.4
Mexico City 0.233 0.243 -0.04 Mexico City 6.18 4.20 32.0
Northridge 0.685 0.358 47.7 Northridge 19.55 5.77 70.4
Taft 0.293 0.128 56.3 Taft 8.41 2.06 75.5
3.4.2 mZte| AT 3.4.3 AHHS
Aol digk wzhe] WA HdaES Table 83} Zo] Aol whe uzra ahebzle] 3-we] o]y =Sade
de A7 Fo A Mexico City A 7& Al9fstal A% Fig.1027 2t} T3 Aol AREs RE Xzl tjst 1]
Ao} v A4 495 vlasd BiHoR 60% - AXARet k] nFdze] ArlSHAe (Relative
o] Trags Uehd A& & 4 vk 12]a WA Displacement)E Hlalsto] Table 9o UERNSIT) 317t
242 AN Akita Aol A= W Ak o] kA 4] IS o] &3 XA Wie] v A AT B
Fol th2 Al Hlsl AA deldeh zed Bl ol bls] 2.9~7.1w) vt Skt
Centro, Hachinohe®} Northridge A% 22 & A7
e e 2 dAdgo] & o7 7H43S &4 = AU Table 9. Maximum Displacements of Isolation Elative
t}. Ul ol Mexico City 2|7 &) A= Argto] A%y to the Ground Subjected(mm)
A2 23] S7HES & ¢ STk o] Lee at Earthquake Non-Isolated HDRB Reduction(%)
al(1987)¢] A Ao that Ao wWEW Mexico Akita 378 12.86 34
City A7) WAl & Aokxulo 2 4] #|ulo] wehs] El Centro 2.89 13.15 46
of AWkEgo] HALHIL). olo] ek Aushe} g Hachinohe | 368 1079 29
o LFF/E fAlele] F0] BAT Aow pry Moo Gy | 20 pac >
o Fig 0% Q50 ARAN wre] Yyl Arrelg o e | 2P - -
Taft 1.65 4.73 29
ER TN
2 2 J
o4 T
E : ° N, ° * = T ° ° e cee” = ® = e * Tmeceecs = ? ®
(a)Akita (b)El Centro (c)Hachinohe
02 Z j i R : J
o —
0z o | s

o s 10 15 2
Time(see)

(d)Mexico City
Fig. 8. Deck Acceleration Response under Earthquake
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0.3m 4.5m 0.3m 0 7
A RN ;
‘,l\ Deck ‘ ‘
f ] - % 15 :
d :
Friction :
dampi H :
amRnd Viscous P i
Spring gamping 13 E
.3m H
0.5
Pier Pier ; i
RS HORe R W v %

Fig. 11. Geometrical Shape of Structural Modeling

Hight of Pier (m)

Fig. 12. Existing Bridge of Longitudinal Natural Period

through Survey

Table 10. Maximum Displacements of Isolation Elative to the Ground Subjected(mm)

Farthquake PGA(e) Max. Response Acceleration of Deckl (g) Max. Shear Force of Pier (kN)A
Test Analysis Test Analysis
Akita 0.34 0.246 0.260 4.12 430
El Centro 0.23 0.254 0.268 437 4.50
Hachinohe 0.17 0.259 0.276 4.29 4.38
Mexico City 0.34 0.243 0.264 4.20 4.41
Northridge 0.16 0.358 0.360 5.77 5.89
Taft 1.65 0.128 0.171 2.06 2.20

Table 11. Comparison of non-isolated and HDRB

Earthquake PGA(®) Max. Response Acceleration of Deck (g) Max. Shear Force of Pier (kN)
Non-Isolated HDRB Reduction Non-Isolated HDRB Reduction
Akita 0.34 0.346 0.260 24.9% 9.996 4.30 56.9%
El Centro 0.23 0.604 0.268 55.6% 18.26 4.50 75.4%
Hachinohe 0.17 0.551 0.276 49.9% 16.59 4.38 73.6%
Mexico City 0.34 0.240 0.264 -10.0% 6.24 4.41 29.3%
Northridge 0.16 0.690 0.360 47.8% 19.58 5.89 69.9%
Taft 1.65 0.310 0.171 44.8% 8.48 2.20 74.0%
o] g 1 4 9tk 4 Mexico City] AWk (2012)2] WA Hel| o]3hA QjOEx]g_}o]Ur wzke =
Qokxubo2A] Ao] weElo] Aago] Bebda  o)7) kol nfFIvl LolAE A% ol Sutol &
o ols} go] Auke] mekyl QepAubl ANAelFA  Fd 4 Qlon AWALHAR A EF o 9l
£ A8 x5 A Ak Autel] oJate] A E ? ok olo} 2 fAoM A A FAE AHT BF T
9ol AxEEol FEEE 497 ArkLee, 198 B2 a7k ek
o] A% HE ABF 2HY ANAY FaE 1 @@
2 34 ot FrBe 9o 23l 74 et
lonz AAALYYNE A gzt o) Folsor & 4, LHZISHA L AlSizia)
Aoz A} 283 Mexico City A d}e] 1471
Fosh AGA PEEY DRAFFI A ARl APl AQALER A A9 Ane
Ae= 37 (Resonance) 2ol 98] | x-3Ho] A o] &sto] US| S aste] e Ad e} v
229 b5l e Aoz gund. sRwAE ] 490l BEde A3,
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Fig. 13. Deck Acceleration Response under Earthquake
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