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Abstract - In this paper, a viscous damper infilled with silicone gel was proposed that can replace conventional oil dampers. A
series of experimental tests were conducted to verify the damping performance of the proposed device depending on the oper-
ating velocity of the piston rod. Test results showed that the force in the energy-dissipation device was kept constant regardless
of the damper displacement and increased nonlinearly as the loading velocity increased. For the damper forces, effective stiff-
nesses, and energy dissipations measured five times repeatedly at each loading step, the ratios of deviations to average values
were less than 2 %, which means that the proposed damper behave stably subject to repeated loading. Additionally, the equation
for describing the force-velocity relationships of the device was suggested based on the test results.
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Fig. 1. Leaking in fluid damper"”’
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Fig. 2. Specimen details (dimensions in mm)

332 YRS = ABIA A2 (EE A1622) 20199 109

st

U5l S31== A2 A 3¢, HHRge Ak
W 1 H|S2 ok 1.130]t}. s AR 9] A (viscosity)S &F
3171 91 3141 92911 S o} Bafol Lol Hre
£ ASsIt. 71 23 1 Hzol 4] 25,083 Pa-sE UEF 2.1
Fuig7} 27eE ARHOR 24310 10 HeolAE
4,130 Pa-s& EFHTH

filo
i)

2249 A4

A E At ekl sto] HE| =t A ANl of A 213t
o™, Fig. 33} Zro] & F/dHT & 5,000 kN -89 uni-
versal testing machine(UTM)°]| A X|5}a1 4H15F0 2 718
= AASIATE 71 &= Aol ARSE UTMS] F{Hi7t
& &= 40 mn/sE A2 5to] AASHR om, & F /e 7}
SEOEAR] E4Z 7L Y= T T &5 #9
(0.5 mm/s, 1 mm/s, 2 mm/s, 3 mm/s, 5 mm/s, 10 mm/s, 15
mm/s, 20 mm/s, 30 mmvs, 40 mmy/s) ol A S A= Q] A5
< ERIstaA} otk 71 HH41-2 KBC 2016 0306.13.6°1
275lo] o) 4x0] djs] 53] WHEAES slglon, 7}
¥ LR ESL Fig 49} o] AZ)v} G| 7Sk 5t
&7t A RAHES shoict. Eat, 2o 712 W9
= AX) 29 0] 2rf 71 AE 70| B3] 440 mmi 5}
Aot A FY FH 2L =21.5°C+0.1°C, 5E=89 %+
1 % R.H.0| it}

Fig. 3. Test setup
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Fig. 4. Loading protocol (10 mm/s)
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Table 1. Damper force at zero displacement

Damper Fgt o Fy o Fot o Fy o
force (kN) (%) (kN) (%) (kN) (%) (kKN) (%)

Velocity 0.5 mm/s 1.0 mm/s

Ist cycle 55.6 39 -57.6 7.6 60.5 0.6 -59.8 2.6

2nd cycle 54.1 1.0 -53.7 0.4 60.4 0.6 -58.4 0.3

3rd cycle 533 0.5 -52.6 1.8 60.3 0.3 -57.9 0.7

4th cycle 52.5 2.0 -52.1 2.6 59.9 0.3 -57.8 0.9

Sth cycle 523 23 -51.6 3.7 59.4 1.2 -57.5 1.3
Avg. 53.6 -53.5 60.1 -58.3

Velocity 2.0 mm/s 3.0 mm/s

Ist cycle 66.9 1.9 -65.2 1.7 70.9 1.6 -69.5 2.0

2nd cycle 66.1 0.7 -64.5 0.6 70.2 0.7 -68.6 0.7

3rd cycle 65.4 0.3 -63.9 0.3 69.6 0.2 -67.9 0.2

4th cycle 65.0 1.0 -63.6 0.8 69.2 0.8 -67.4 1.0

Sth cycle 64.8 1.2 -63.3 1.3 68.7 1.4 -67.0 1.6
Avg. 65.6 -64.1 69.7 -68.1

Velocity 5.0 mm/s 10 mm/s

Ist cycle 76.5 0.9 -74.8 1.3 89.8 1.6 -88.1 2.1

2nd cycle 75.9 0.2 -74.2 0.5 88.9 0.6 -87.1 0.8

3rd cycle 75.7 0.0 -73.6 0.2 88.3 0.1 -86.2 0.2

4th cycle 75.5 0.3 -73.4 0.6 87.6 0.8 -85.4 1.2

Sth cycle 75.1 0.8 -73.1 1.0 87.2 1.3 -85.0 1.6
Avg. 75.8 -73.8 88.3 -86.4

Velocity 15 mm/s 20 mm/s

Ist cycle 96.6 1.4 -95.0 1.5 100.9 1.4 -99.3 1.3

2nd cycle 95.7 0.5 -94.1 0.6 100.0 0.4 -98.5 0.5

3rd cycle 95.1 0.2 -93.4 0.2 99.4 0.1 -97.8 0.2

4th cycle 94.7 0.6 -92.9 0.7 98.9 0.7 -97.4 0.6

Sth cycle 94.3 1.1 -92.4 1.2 98.6 1.0 -97.0 1.0
Avg. 95.3 -93.6 99.6 -98.0

Velocity 30 mm/s 40 mm/s

Ist cycle 107.6 1.3 -106.3 1.3 111.9 1.3 -110.2 1.3

2nd cycle 106.6 0.4 -105.5 0.6 110.6 0.2 -109.3 0.4

3rd cycle 106.1 0.1 -104.8 0.2 110.2 0.2 -108.6 0.2

4th cycle 105.6 0.6 -104.3 0.6 109.9 0.5 -108.1 0.6

Sth cycle 105.2 1.0 -103.9 1.0 109.6 0.8 -107.8 0.9
Avg. 106.2 -105.0 110.4 -108.8
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Effective ke o] kegy o] kegr a kegy o ke o
stiffness (KN/mm) (%) (KN/mm) (%) (KN/mm) (%) (KN/mm) (%) (KN/mm) (%)
Velocity 0.5 mm/s 1.0 mm/s 2.0 mm/s 3.0 mm/s 5.0 mm/s
Ist cycle 1.634 6.5 1.700 0.3 1.871 1.4 1.987 1.6 2.137 1.2
2nd cycle 1.551 1.1 1.704 0.5 1.867 1.2 1.967 0.6 2.120 0.4
3rd cycle 1.518 1.1 1.694 0.1 1.849 0.2 1.952 0.1 2.111 0.1
4th cycle 1.494 2.7 1.693 0.2 1.824 1.2 1.939 0.8 2.099 0.6
Sth cycle 1.477 3.8 1.687 0.5 1.815 1.6 1.930 1.3 2.094 0.9
Avg. 1.535 1.696 1.845 1.955 2.112
Velocity 10 mm/s 15 mm/s 20 mm/s 30 mm/s 40 mm/s
Ist cycle 2.459 2.0 2.602 1.6 2.684 1.1 2.873 1.2 2.984 1.1
2nd cycle 2.428 0.8 2.578 0.7 2.668 0.5 2.851 0.5 2.967 0.5
3rd cycle 2.407 0.1 2.556 0.2 2.652 0.0 2.832 0.2 2.946 0.2
4th cycle 2.386 1.0 2.544 0.7 2.639 0.5 2.822 0.6 2.940 0.4
Sth cycle 2.369 1.7 2.522 1.5 2.625 1.1 2.812 0.9 2.925 0.9
Avg. 2.409 2.561 2.653 2.838 2.952

ol = A LA Al 2 (- Al1622) 20191 10 335



AelE AAE o) SrojE

3 Aol o

Table 3. Energy dissipation, E

Effective E o E o E o E o E o
dissipation | (kN-mm) (%) (kKN-mm) (%) (kKN-mm) (%) (kKN-mm) (%) (kKN-mm) (%)
Velocity 0.5 mm/s 1.0 mm/s 2.0 mm/s 3.0 mm/s 5.0 mm/s
Ist cycle 9,122 6.0 9,737 2.3 10,508 1.5 11,144 1.7 11,943 0.8
2nd cycle 8,688 1.0 9,550 0.4 10,409 0.6 11,034 0.6 11,909 0.5
3rd cycle 8,496 1.2 9,474 0.4 10,338 0.1 10,948 0.1 11,839 0.1
4th cycle 8,388 2.5 9,426 0.9 10,281 0.7 10,875 0.8 11,804 0.4
Sth cycle 8,316 33 9,386 1.3 10,219 1.3 10,812 1.4 11,761 0.8
Avg. 8,602 9,515 10,351 10,963 11,851
Accumulated | 43,010 47,573 51,755 54,813 59,255
Velocity 10 mm/s 15 mm/s 20 mm/s 30 mm/s 40 mm/s
Ist cycle 13,870 1.4 14,766 1.1 15,220 0.7 16,007 0.5 16,398 0.4
2nd cycle 13,780 0.8 14,728 0.8 15,221 0.7 16,049 0.7 16,396 0.4
3rd cycle 13,667 0.1 14,598 0.1 15,138 0.2 15,933 0.0 16,344 0.1
4th cycle 13,583 0.7 14,528 0.6 15,005 0.7 15,864 0.4 16,271 0.3
Sthcycle 13,480 14 14,430 1.2 14,973 0.9 15,801 0.8 16,228 0.6
Avg. 13,676 14,610 15,112 15,931 16,327
Accumulated | 68,380 73,048 75,558 79,654 81,637
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