Journal of Korean Society of Steel Construction

Vol.34, No.4, pp.197-206, August, 2022

Km Check for updates

ISSN(print) 1226-363X  ISSN(online) 2287-4054
DOI https://doi.org/10.7781/kjoss.2022.34.4.197

HHEGISS s DRHSE DIIHHO| OIS0 B3t Al 917

Experimental Study on Hysteretic Behavior of High Strength Bolted
Friction Damper Under Cyclic Loading

Kang, Seong Hun', Woo, Jong Hun?, Lee, Hee Du®", Shin, Kyung Jae'

'Graduate student (Master course), School of Architectural Engineering, Kyungpook National University, Daegu, 41566, Korea
*Graduate student (Doctor course), School of Architectural Engineering, Kyungpook National University, Daegu, 41566, Korea
3Research fellow, School of Architectural Engineering, Kyungpook National University, Daegu, 41566, Korea
“Professor, School of Architectural Engineering, Kyungpook National University, Daegu, 41566, Korea

Abstract - Friction damper is a displacement-dependent energy dissipation device that absorbs vibration energy of a building by
sliding due to the relative displacement of two contacting objects. In this study, friction damper that can be applied to an existing
structure was designed and cyclic test was conducted to evaluate the strength and hysteresis behavior of the friction damper
according to surface treatment of the friction surface and initial tension of the high strength bolt. The tension of the bolt was
measured in real time, and the slip strength of the friction damper surface-treated with lead paint, zinc paint, and brake pad was
calculated through the test. The bolt tension measured during the cyclic loading test gradually decreased, and the bolt tension
where friction occurred gradually decreased to 4 % - 78 %. As a result of the test, it is judged that the friction damper using brake

pad shows more stable hysteresis behavior than others.
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Fig. 1. Friction damper test set-up

198 S=7d7-2018] =g Al34d A2 (Ed A179%) 20229 8¢

stal ARl Aot 2E| kol whE vp
Hoo] Wi A olgASE S Aol HEHE A
= st Ao vEH2 P8 = (lead paint),
0]-04 =Z(zinc paint), B &|0] 3 ] =(break pad) 5 3714 9]

Q2 TRl vpEE o] AHetoli= M20(F10T) 2] 11742
%E—é— ARSI EE Y U E 2 IHHEE
M20(F10T)2] HAEEAFH(165kN)Q| 25 %<1 41.25kN,
50 %<1 82.5 kN2 H3toth.

A= Fig. 13 o] PL-20 S| E(SS275)2 7}
BE 43513 H-200x200%8x12 F73(SS275)] Z#h |2}
©-230x40x10x10 F7F(SM355)0] IFHEES 3 v}
IS BT Aol AR =B e
FHOF ST 242 871 5 16709 w2250 A

719] A&E 1L E5] M20 TAHEE R Hestgct
&30 3 & IR 22 mmE M20 IAHEES] S
HOo g s 7k o] A= WIS 50 mmE Sto] o
Z=H

o) A9 BT 5 U vh TS T,
i FAl] Azl A A
2T 4 U 0ot =BG SR
o3t ThES YA Fstol =P vhES A
of hvEeh 10mm A A5} FHOE smme o]
72 5oitk. BEo] BRI AL BAY| T w1
2.2 §3]7] 15to] =7 6 mm, 474 24 mm, 217 62mm

700
190 120 135 1
+

<=

€$[22><50

Separation

5 mm ﬁ‘
ol To
| =

(a) A-A’ section (b) Details of B

50,100 50
11
=) A =3 H:I
Kl 1 188
5 e & e
I = bi6l=
2
gg
12 2 s
g B |
L B - £
150 | 200 | 150 150 | 200 | 150
500 500
(c) Details of C

Fig. 2. Details of friction damper
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Table 1. Test specimens

. Surface Introduction
No. | Specimens I .

condition tension

1 LP-25 25 % 41.25 kN
Lead paint

2 LP-50 50 % 82.5 kN

3 ZP-25 ) ) 25 % 41.25kN
Zinc paint

4 ZP-50 50 % 82.5 kN

5 BP-25 25% 41.25 kN

Breaking pad
6 BP-50 50 % 82.5 kN
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Table 2. Result of the material test

Type t Fy F, Elongation
(mm) (MPa) (MPa) (%)
SS275 8 293.8 450.6 20.5
SS275 12 298.1 4513 20.4
SS275 20 323.7 515.7 29.2
SM355 10 398.9 502.4 29.9

t = thickness of coupons, F = yield strength of steel, F,, = tensile strength of
steel
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(c) Bolt installation
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Fig. 5. Friction damper test set-up
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(c) Bottom part and left side of damper
Table 3. Bolt tension change by stage (LP-25)
Top, Top, Bottom, Bottom,
Stage left right left right
(T/To) (T/Ty) (T/Ty) (T/To)
Initial 0.25 0.25 0.25 0.25
1 0.16 0.18 0.19 0.21
2 0.13 0.16 0.17 0.20

3 0.11 0.16 0.16 0.19 (a) Left side (b) Right side

4 0.08 0.16 0.16 0.18 Fig. 9. Friction surface after test (LP-25)
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Table 4. Bolt tension change by stage (LP-50)

Top, Top, Bottom, Bottom,
Stage left right left right
(T'To) (T'To) (T/'To) (T'Ty)
Initial 0.50 0.50 0.50 0.50
1 0.35 0.36 0.38 0.33
2 0.28 0.28 0.35 0.25
3 0.26 0.25 0.33 0.19
4 0.25 0.23 0.26 0.16
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(a) Left side

(b) Right side
Fig. 11. Friction surface after test (LP-50)
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Table 5. Bolt tension change by stage (ZP-25)

Top, Top, Bottom, Bottom,
Stage left right left right
(T/Ty) (T/To) (T/To) (T/To)
Initial 0.25 0.25 0.25 0.25
1 0.18 0.18 0.24 0.19
2 0.13 0.14 0.24 0.16
3 0.09 0.10 0.24 0.14
4 0.06 0.06 0.24 0.13

(a) Left side
Fig. 13. Friction surface after test (ZP-25)

(b) Right side
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Table 6. Bolt tension change by stage (ZP-50)

Top, Top, Bottom, Bottom,
Stage left right left right
(T/To) (T/'To) (T/'To) (T/To)
Initial 0.50 0.50 0.50 0.50
1 0.42 0.33 0.31 0.38
2 0.41 0.19 0.20 0.36
3 0.41 0.13 0.15 0.36
4 0.41 0.11 0.11 0.36

(b) Right side

(a) Left side
Fig. 15. Friction surface after test (ZP-50)
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Table 7. Bolt tension change by stage (BP-25)

Top, Top, Bottom, Bottom,
Stage left right left right
(T/Ty) (T/To) (T/To) (T/Ty)
Initial 0.25 0.25 0.25 0.25
1 0.22 0.19 0.19 0.18
2 0.19 0.16 0.17 0.16
3 0.16 0.14 0.15 0.15
4 0.14 0.14 0.13 0.16

(a) Left side
Fig. 17. Friction surface after test (BP-25)

(b) Right side
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=

Table 8. Bolt tension change by stage (BP-50)

Top, Top, Bottom, Bottom,
Stage left right left right
(T/'Ty) (T/To) (T/Ty) (T/Ty)
Initial 0.50 0.50 0.50 0.50
1 0.29 0.34 0.49 0.49
2 0.23 0.28 0.48 0.49
3 0.19 0.24 0.48 0.49
4 0.17 0.22 0.48 0.48

(b) Right side

(a) Left side
Fig. 19. Friction surface after test (BP-50)
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