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Study on construction of mechanical model for behavior of natural rubber bearings

under combined loads of compression and shear

Part2. Results of simulation analysis
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Abstract: In this paper, a simulation analysis was conducted using the proposed model of Natural rubber bearings. The seismic

ground motions were input same time in two directions, horizontally and vertically. The analysis results show that the time

response of the proposed model with the horizontal and vertical dependency is significantly different from that of other models

without the dependency.
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Tablel Parameters of specimen

G A 0o 14 kno kyo
[N/mm?] [mm?] [MPa] [-] [kN/m] [kN/m]
0.392 39800 15 1.0 348 850000
Table2 Test conditions
Horizontal
performance test 50 100 150 200 250 300
0 3 3 3 3 3 3
[N 5 3 3 3 3 3 3
[MPa] 10 3 3 3 3 3 3
15 3 3 3 3 3 3
Vertical Yo
performance test 0 50 100 150 200 250
- 5 3 3 3 3 3 3
0 10 3 3 3 3 3 3
[MPa] 15 3 3 3 3 3 3
L5004
Vertical force direction I%
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Unit : mm

Horizontal vibration direction
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Fig.1 Test setup

3. HRerERRERER
Fig 3 (ZHMPERERBRR R 2. £/, AWIE TR
Z U7 LR A TR U 72 i & BRGR E

1 AREET - A - 85 2 0 FRET - EHIHE - &2 3 FRBEET - Fe () - d2E

103



SHMIFEE HAKRFEIFE FNHBHEZTH

LU, il U7 aRBRAE R & i 5. BRIV D
FREICIE, MEREEEICEE R S LTV A IEE IV 5.
Fig3 (a), (b) IZAKFEREREBRAE KA RT. /77
OREENE, FEEKFMEZ B RE L TWOZRWIES O ZKSER
PE kpo 2332 ARWFIE THRE L 72 E 7 /L ORI
KREVEHLRAIMEEOETH . od, BHimfEo
BHIZHW D& AR 6 1%, BRSO
LI HER KO ABTOT MEFEEZ BE L T b.
Fig3 (a) £V, B —HL WD Z LR TE 5.
Fig.3 (c) 725 (d) (TR MERERBRAE S 2 3. 3R
FER LD, HERE L ERESIER L ThD R
R CE 5. F£io, KEET (5[MPa]) Tl HBRE
BRI L 0 BIROCRIPEEZ R LD, Zaug,
JED/ NS WMDY, R T 200l R
L7y, MIFICLBRRAORETEE ENAH Ll
INTHEFT D720, MEAEIEGREL D IERVET
RS D Z EIRFRTEEEZZ biD.

16
4 14
e
12 12
T ]

10 10
< 2
g <
Xos =08
=06 o6

04 04

02 0y=0.5 ©Oy=1 Oy=15 02 Oy2 Oy25 oyl

! ‘ 0.0 - ‘

0.0

o 0 5 . % 15
Compressive stress [N/mm?]

(b) y = 2.0~3.0

5 0
Compressive stress [‘N/mmzl

(@) y = 0.5~1.5

1 12
1.0 1.0
0.8 0.8
5 § 0.6
\; 0.6 g
K
0.4 0.4
02 0y=0 0y=05 02 0y=20  Oy=25
oy=1.0  Oy=L5 0y=3.0
0.0 | 0.0 ]
5 10 15 5 10 . 5
Compressive stress [N/mm?] Compressive stress [N/mm?]
(¢) Yo =0~1.5 (d) vo = 2.0~3.0

Fig.2 Test results

4. U2alL—>a UEREH

(1) KR T 1V-EACRET N E R E LT RZIEIG
BARAT 2 T D BUERE BT IR EE (B =
1/4) 3%, AJjHiEEEhIX Hachinohel19681210> NS i1
& UD EEHWD. MEFET /ME, BREEFEEEE
L7\ Model-1 (KFEEAJEM 4.0[s]) ZFEHEE LT,
JVAE B OEMRIMERERZS 2 IV - Model-2, #2422 L 7= 7]
T T VA AV Model-3 DEF3ET L ET 5. 7%,
ATTHUERF3RITEAWOT 2 y=3.0 [[] &7e b
BRSBTS, £, AKF - SAE TSN
R LT PIRIMERFIRC h=0.01 5 LTW\5%.

(M]{5} + [C]{5} + [K]{x} = —[M]ign — [M]igy (1

5. BZIBECERETHER

Fig.4 \ZRFZI RIS ESEATAE R 27”77, Figd (@) OFA
BT AP LV, Modell & Model2 DRI K& 7
EWITR O NN, #2439 % Model3 DIRE K 20[s]
UMD & JE B O ZAL N BHE TH D 2 L DR T
%. Fig4 (b) OKFISEDFERIZ OV TIE, Model3 K
DARTFME DRI X B35 T O ACERIINE OB K AR T
& %. Fig4 (d) OEEISEIZHOWTIE, KPEEFIZ X
ZERE MDA % &8 L 7= Model2 & Model3 TOKX
EREITRNZ ERHERTES. UKD, KE-
SNE O PEREFFMEICERMEH 2 BIE L RET T LT
e 2 Gl 2 & 2584 2 RS s U CREE = . 0D 258 %
BLUTINERHMERFRE CH D Z E Lz, £z, K
RRETVITHMER UK - i - #i)) 2ERL T
WAHZ D, FREEERBREOKEITH Z LT,
FEEN EERADD EZEZBND.

—Model-1 —Model-2 —Model-3
. N AR A A A
£ PPN AR AN\ WAL RN A\ AR/ \\Ve
MAYRERDYAVRVAVEYW BV/ RV A\
G, \ VARV \V AV "\\\//

0 5 10 15 20 ,I\u_:i [S] 30 35 40 45 50
(a) Shear strain
_ 18 Em I
£ pd ZE |
éo: ~ . %10 """""""""
" s &’

4 3 -2 -1 0 1 2 3 4 4 3 -2 -1 0 1 2 3 4
Shear strain Shear strain

(b) H-strain. - H-force (c) Compressive stress

25 0.03
20
£ g {an
£ g i (VWYY R
2 go02
P &
Z Z
E oo A
4
3 5
2

0 0

0 0.02 0.03 4 3 2 12 3 4

001 ). 10 ]
Vertical strain Shear strain

(d) V-strain. - V-force

Fig.3 Result of response analysis

(e) H-strain. - V-strain.
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