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Abstract - The purpose of this study is to investigate the behavior and characteristics of rubber springs and calculate the
compressive stiffness by performing dynamic compression tests of rubber springs. In order to carry out the dynamic compression
test of rubber spring, total 9 rubber springs were tailored by calculating the shape factor of L80-D55, L90-D58, and L100-D60,
and used for the experiments. Experiments were performed by controlling the compression according to the length of the rubber
spring, and the compression was increased in the order of 5%, 10%, 15%, 20% and 25% of the strain. From the experimental
results, the force-strain curves were obtained and it was confirmed that strength decrease and strength increase phenomenon
occurred as the strain increased. In addition, it was confirmed that the decrease of stiffness and the increase of stiffness were
clearly observed according to the size and diameter of the rubber spring, and the effective compression stiffness was estimated
using the slope of the force-strain curve. By using the effective compressive stiffness, design values that can be used in actual
design were presented.

Keywords - Effective compressive stiffness, Pre-compressed rubber spring, Strength hardening, Strength softening, Design

compressive stiffness

LNE MR dorin FUT 5S AT 4 Aot webd &
2 -det s ARy Fe= vhelet Axgof 48wl
Z99e i (polyurethane rubber)= HAILF 9} w3t Zglget 1= Yol (anti—abrasion
(natural rubber)e]l H|8] %% (hardness)7t 7] WZOl  performance)o] 9-23}o] thoFst Al & 2 A& E T
HoiAom o 2 51%L ANT 4 o ol ek WA g
1570 A9 A7k 50A-T0Al) H]s) Bl NEE  mojouje mRe A OAT(AT Beko R ol
95A-65DE 53] A7) wel, o 'AAGTE AL o) 9lg)k maprel A SR A HRE 200 W F
A2 A7)of g Az oA Akl vjel] A2 ok AbgE 1 glet, ZE]ode nH fAal HATRE A
A SR o2 A iRte] S RS WAhs B
Note.-Discussion open until December 31, 2017. This manuscript A — LA O & AT (steel shim)s ARS-— 7} §lo] Al
for this paper was submitted for review and possible publication Ze| B g A|zlo] golstal, Fe ol fAIRE & FES
(;2’];81112;}/ 11, 2017; revised April 27, 2017; approved on May 2)2]517] g M5 ERAubR o] H]F] ARA o] o2
Copyright (© 2017 by Korean Society of Steel Construction O}IZIIS] . R E9] et AR AR 2 EQS (Eradi—Quake
*Corresponding author. System) A XA ee] oA BYLHE AlFdh=s AnPOoR
Tel. +82-2-320-3060 Fax. +82-2-320-1244 A T Mq_ .

E-mail. eunsoochoi@hongik.ac.kr

Gy rzets] =2 A29W A3E(EY A148%) 20179 68 229



2| Folls AntE @i o Aide] E2|ede Ay
o] o]-§-E A7} Qle}, EF] e LR AR VUS4
ol A 28-S SHA| W 7] ZA| 75 (rigid—body beha—
vior)& Hol=t|, o] o|-§sto] W 9| H-2(self—cen—
tering capacity)2 2R3 2= QrpOILEl Zalomel 37
FAERE AntE Wi oA BdES Alyste A7

_|

T e 2mbe Aol Hla|A 7o) Y53 Agshe,
2s3mel-opd A2 mrk 7| A% O o} hgsitt uet
A B See np ALY e AA 02 A 7 AH0.
2 el $31el 4 feloic
fik o iﬁh?ﬂl% DRAZY 012 3 ek
of et A3t A% o2
A w4 ek AT
w23k Afolet, 7]&0] WREAZYS o] 43t Anke Y
w0 Aol A I Thak A A U
A7 AR gon, U e i ASLE 48
AT, wfehi o] 1ol

|

£ o0
FA

)

_l

é
lil
1>
5!

ol l

Table 1. Dimensions and shape factors of polyurethane rubber

springs
Outer
Suite Specimen L(:llf:)h diameter ?iif) i
(mm)
L80-D55 80 55 0.109
Suite-I | L90-D58 90 58 0.104
L100-D60 100 60 0.102
L80-D80 80 80 0.188
Suite-1T | L90-D85 90 85 0.179
L100-D89 100 89 0.172
L80-D90 80 90 0.219
Suite-1II | L90-D95 90 95 0.209
L100-D100 100 100 0.200

[50mm |

|801'mu| [ 100 mm |

Fig. 1. Specimens of rubber springs
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Fig. 4. Force-strain curves of nine rubber springs
Table 2. Calculated and estimated compressive stiffnesses of rubber spring
. . k ke-max ke-min ke—max/k
k. [k (%
Suite Specimen | Ea (MPa) (N/mm) | (kN/mm) e —max/ K (%) (KN/mm) ko Tk (%)
L80-D55 54.06 1.393 1.575 1.13 0.6750 0.43
Suite T L90-D58 53.94 1.362 1.62 1.19 0.8211 0.51
uite-
L100-D60 53.89 1.389 1.72 1.24 0.8811 0.51
Average 53.96 1.381 1.638 1.19 0.79 0.48
L80-D80 56.51 3.329 4.435 1.33 2.1949 0.49
Suite I L90-D85 56.20 3.310 5.156 1.56 2.5569 0.50
uite-
L100-D89 55.93 3.294 5.44 1.65 2.3474 0.43
Average 56.21 3.311 5.010 1.51 2.37 0.47
L.80-D90 57.85 4.373 5.010 1.15 2.5535 0.51
Suite. 11 L90-D95 57.41 4.340 5.811 1.34 2.7074 0.47
uite-
L100-D100 57.04 4311 5.650 1.31 2.7744 0.49
Average 57.43 4.341 5.490 1.26 2.68 0.49
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Table 3. Corresponding strains to calculated compressive stiffness
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