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Experimental study on elastic soft impact protection device

JIN Jianmin', XIAO Ji', TAN Ping', LIU Yanhui', CHEN Peng', ZHU Jian®
(1. Earthquake Engineering Research & Test Center, Guangzhou University, Guangzhou 510405, China;
2. Department of Civil and Hydraulic Engineering, Ningxia University, Yinchuan 750021, China)

Abstract: In order to limit the displacement of the isolation layer, tests are conducted to the elastic soft impact
protection device, which can provide stiffness. The device is mainly composed of linear natural rubber bearing,
shear key and hollow connecting steel plate. Firstly, the basic performance test under design compressive stress of
12 MPa and the shear test under compressive stress of 0 MPa of liner natural rubber bearing are carried out. Then,
three types of elastic soft impact protective devices are tested for the horizontal mechanical performance, in
determining the horizontal equivalent stiffness of the device and rotation angle at the top end of the rubber bearing.
The influence as well as difference of connection modes of shear key, different material of shear key and the hollow
connecting steel plate, the outer surface of the shear key is covered with rubber bush or not, different bearing
diameters and different shear modulus of rubber are discussed. The difference of the horizontal equivalent stiffness
between the elastic soft impact protection device and the test results of the bearing parts under 0 MPa is compared
and analyzed. Results show that shear keys may be loosened by using interference fit only, and the improved
connection modes are feasible. The damage of hollow connection steel plate can be avoided or mitigated by covered
the shear keys with rubber bush. Compared with test results of the bearing under 0 MPa, the degree of the
horizontal equivalent stiffness decrease of the device and the rotation angle at the top end of the bearing increase
with the shear strain of the bearing part. The degree of the horizontal equivalent stiffness decrease and the rotation
angle at the top end of the bearing are different with different bearing diameters and different shear modulus of rubber.

Key words: elastic soft impact protection device; linear natural rubber bearing; shear key; hollow connecting steel

plate; experimental study
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Fig. 1 Sketch of elastic soft impact protection device
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Tab. 1 Parameters for LNR(y=1100%)

LNR LNR LNR

SRS
200-G4  200-G6  300-G4
AE G {l/MPa 0. 392 0.6 0.392
HA D/mm 200 200 300
HfLE 4 D, /mm 15 15 30
WA & T, /mm 40. 5 40. 5 58
W H/mm 115.5 115.5 150
H1IKARE S 30. 83 30. 83 33.75
H2WIRARH S, 4,94 4,94 5.17
BRI E K,/ kN - mm™! 746 867 1273
IKFEE M EE K, /KN - mm™! 0. 298 0. 457 0. 467
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Fig.2 Connection mode of shear key
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Tab. 2 Combination of shear key and hollow connecting

steel plate

HE1 Haeyz HES

BB R h A E AR AL Q2358 Q235B Q3458
B )34k HAZ/mm 60 60 60
B 48 o B /mm 40 40 50
K] B /mm 70 60 60
5 3 gk it 45 7 5 (D (2) (3)
2 AR S/ mm 300X 300X 50
A EERAR AL E AR /mm 200 180 180
32RO 1 3 2, 4
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Tab.3 Test conditions

INEAZ / He

n HAZE 200 mm H A2 300 mm
v/ %
X JE E % B By
+50 0.33 0.099 0.274 0.086
4100 0.196 0.079 0.137 0.067
+150 0.131 0. 066 0.091 0. 054
+200 0.098 0. 056 0. 069 0. 045
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Fig. 3 Installation photograph
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Tab. 4 Test result of basic performance

PEREFE bR 14537 g 2 5
R K,/ kN - mm ! 690. 3 712.2
IKEZE M) K, /kN » mm ! 0. 365 0.329

RS ZEKFEHME(0 MPa)
Tab. 5 Horizontal equivalent stiffness of bearing(0 MPa)

KPR Ky /kN - mm-!

B
e BRI ER 18 2%
Mz  %EE M K O
+50 0. 05 0.419 0. 330 0. 448 0. 398
+100 0. 05 0. 381 0.196 0. 401 0. 343
+150 0. 05 0. 360 0.131 0. 376 0.318
4200 0. 05 0. 344 0.098 0.358 0.312
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Fig. 4 Damage of the hollow connecting
steel plate(Q235B)
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Fig. 5 Horizontal force-displacement hysteretic curve
(No. 1 bearing, combination 1, cover with rubber bush)
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Fig. 6 Test photo (No. 2 bearing,

combination 3, cover with rubber bush)
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Fig. 7 Damage of the hollow connecting
steel plate(Q345B)
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Fig. 8 Horizontal force-displacement hysteretic curve

(No. 2 bearing, combination 3, cover with rubber bush)
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Tab. 6 Horizontal equivalent stiffness of device

KPZE W Ky, /kN - mm™!

BY A
/; 1, 4l 1 2B, MA 3
Y/ 0
HEKE AEEKE BRKE AEBRKE
+50 0.420 0. 441 0. 355 0. 356
+100 0. 369 0. 380 0.297 0. 303
+150 0. 320 / 0. 260 0. 264
+200 / / 0.237 0. 241
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Fig. 9 Comparison of horizontal force-displacement

hysteretic curve (No. 2 bearing and device)
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Tab. 7 Rotation angle(No. 1, No. 2 bearing)

5 4f /rad

< 1B, e 2 BYRE, 43

v/ %
i #i i #

+50 —0.002 8 0.004 4 —0.007 6 0.008 3
+100 —0.017 2 0.0200 —0.028 7 0.029 2
+150 —0.040 7 0.046 3 —0.065 0 0.067 1
+200 / / —0.114 6 0.111 2
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12 MPa T, 3 -5 3¢ 8 U [i] W B Bz 7K ~F 55 2 M
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Fig. 11 Moment-rotation angle (No. 2 bearing,

combination 3, covered with rubber bush)
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Tab. 8 Horizontal equivalent stiffness (No. 3 bearing and device)

F11 KFEEHRE(BEEES S5 mm & 2 mm)
Tab. 11 Horizontal equivalent stiffness

(Vertical distance 5 mm and 2 mm)

7 A AFSEWIEE K/ kN - mm !
/% B BEES 5 mm B BEE 2 mm
+150 0.415 0.422

+200 0. 400 0.410

B R A KSR W) B K, /KN + mm™!
v/ 353 BRIKE ABEBRKE
+50 0.570 0.553 0.556
+100 0. 488 0. 470 0.471
+150 0. 443 0. 421 0.422
+200 0.431 0.396 0.397
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Fig. 12 Horizontal force-displacement hysteretic curve

(No. 3 bearing, combination 2, covered with rubber bush)
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Fig. 13 Rotation angle-horizontal displacement

(No. 3 bearing, combination 2, covered with rubber bush)
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Tab. 12 Horizontal equivalent stiffness

(No. 4 bearing and device)

B 7 A KFEEHMIE Ky /kN - mm !

/% 4 7 3 HEKE ARBRE
+50 0. 602 0. 574 0. 546
+100 0.528 0. 480 0. 443
+150 0. 500 0.413 0.381
+200 0.476 0.361 0.356
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Fig. 14 Horizontal force-displacement hysteretic curve
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(No. 4 bearing, combination3, covered with rubber bush)

S A KSR RN B LR 12, T,
AT R, B AR B R K F 55 A WY B 5
BN 50 MPa T A 388 K P 55 24 W EEAH E
B, RE KPS (BRI E) A T RE R,
BYRAS Jg £50% ., £100% ., £150% ., £ 200%,
BARICE, SRRy 95.400, 90.9%, 82.6% .
75.8%. 13 HEBRBEMFE AWM EL R, 5
LNR200-G4 B 1 2 -5 3 )98 T o 5% A AH LL &L
FEBY RS by £150 % Z 1, LNR200-G6 A% H (1) %
JE TS e A — e RE LA, Bl A& BY B2 AR B3 K,
ZE5 BB WS, BB RAL R £ 20000 I, FER TR
ZE 5.

®13 B (4SEE)
Tab. 13  Rotation angle(No. 4 bearing)

BIWAS v/ % £50 +100 +150 -+200
#efy & —0.0030 —0.0147 —0.0496 —0.1116
/rad 4 0.0047 0.0194  0.0543  0.117 3
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