Journal of Korean Society of Steel Construction

Vol.35, No.6, pp.357-366, December, 2023

AEE Er! XY

fm Check for updates

ISSN(print) 1226-363X  ISSN(online) 2287-4054
DOI https://doi.org/10.7781/kjoss.2023.35.6.357

£3 4 A|AROZ BHE FXE9| LITIES

Seismic Performance of Structures Retrofitted
with Stud-Type Steel Slit Damper System

Kim, Young Ju', Choi, Kwang Yongz, Park, Hae Yong3 , Kim, Jin Woo*"

'CEO, Korea Institute of Structural Engineering & Consulting, Busan, 46241, Korea
Director of Research, Korea Institute of Structural Engineering & Consulting, Busan, 46241, Korea
3 Assistant Professor, Dept. of Architectural Engineering, Hanbat National University, Daejeon, 34158, Korea
“Senior Researcher, Seismic Safety Center, Korea Conformity Laboratories, Cheongju, 28115, Korea

Abstract - In this study, a stud-type steel damper system using buckling-restrained slit panel damper was proposed and de-
veloped to address the disadvantages of conventional seismic retrofit systems so that it can be effectively applied to existing
reinforced concrete (RC) buildings. A full-scale two-story frame designed from existing RC buildings with non-seismic de-
tails was subjected to pseudo-dynamic testing. When applied the damper system to the existing RC frame, the seismic retro-
fitting performance was evaluated and verified. As a result of the test, the RC frame reinforced with a damper showed stable
behavior even when the PGA of El-Centro seismic waves was at the level of 600 gal(cm/s®) due to large energy dissipation of
steel damper. These results confirmed the effectiveness of the seismic retrofitting method using the damper system proposed

in this study.
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Fig. 1. Geometric scheme of damper installation
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(a) Assembly view (b) Exploded view

Fig. 2. Buckling-restrained slit panel damper
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Fig. 3. Idealization of damper strut
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Fig. 4. Schematic 3D view of specimens

Table 1. Specimen list

Specimen El-Centro(NS)
p Retrofit earthquake PGA level
name
(gal)
NFR None 200/300
ISDS Stud type damper system | 200/300/400/600

UG ARG UG AP

APA= 19809 = WA HEA 741501] fﬂrﬂ} Ao
=25 dAF2E 59, o] g5 F+24dS +Jst
Aot A AR ZR = F7Ho] 4,500 mm, &3V}
3,300 mmo] At A A A O] A2 A o]F Ao At of
2ol AA A¥A 9 HZFS 3,550 mm(H|o]A HH]E=
4350 mm), =37 7+7F 2,950 mm(1F), 2,900 mm(2F)
2, & =0]& 7,300 mm, §o]= 3,550 mm=zE 4B =
A28 FEE AGEHAH. AFA A AE&H E4
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rlr

350 2,850 350

[T N
= [Ty

370130

2,400

IEEEEEE

500

7.300

2,400

600

i

‘ (& aRatin il

) 500 .4UU

-
T
TH

4,350

500
]
=
° 4

‘ 350 650 1,550
4,350

350 16-D22

40

° 8-D22

DI0@300 —— 4 16.022

2-D16 40

T
500
T
I
500

8-D19

—

150 500 150

<Base section>
500

T 4-D10 S
6-D22 ‘ <

40 D10@300 ———L |
}7
—] 6-D22 o |s
Center: D10@300 || @

<Column section>

Center: D1I0@300 ____
End: D10@200

500

6-D22

End: D10@200
6-D22
350 g

40

75 350 75

<IF base section> <2F base section>

Fig. 5. NRF specimen (Unit: mm)
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— 1 |
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Numerical calculation
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Spectral acceleration (kN)
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(b) Acceleration response spectrum
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(4) Caleulation of response velocity <G------
and acceleration

(a) Hlustration of the pseudo-dynamic testing system!”

Measurement of —400
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of specimen
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(¢) Ground motion (pseudo-dynamic test)

Fig. 7. Method of the pseudo-dynamic test of specimen

Fig. 8. Test setup (ISDS specimen)
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Table 2. Material properties (concrete)

Pour date Compr(el:\isli\;)e stress
2022, Nov. 16 24.40
2022, Nov. 18 24.14
2022, Nov. 21 25.15
2022, Nov. 23 26.55
2022, Nov. 26 27.22
2022, Nov. 29 28.50

Criterion of compressive stress of concrete: 24 MPa

Table 3. Material properties (steel)

Material ;;le(: Tsetrnesslle Elor(léiation Yigld

(MPa) | (MPa) 0) ratio

D10 484 610 14.2 0.79

Steel D16 441 618 15.3 0.71

(SBTOO) D19 493 645 16.2 0.76

D22 575 722 16.1 0.80

$S275-6t | 304 446 26.7 | 0.68

SS275-12t| 283 441 30.5 0.64

ifzg $S275-20t | 324 507 332 0.64

$S275-25t | 290 441 273 0.66

SPHC-12t | 286 355 3.7 | 0.81
334947
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(b) ISDS
Fig. 11. Cracks of test specimens

Fig. 12. Failure mode of damper after test
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Fig. 13. Response curves of dampers
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Table 4. Summaries of test results
Earthquake Base shear (kN) Response drift on the 1st floor
Specimen level Story drift (mm) Story drift ratio (%)
(gal) Max. Min.
Max. Min. Max Min.
200 247.3 -209.4 30.1 -24.6 1.02 —0.83
NFR
300 300.7 -276.2 53.0 -39.6 1.80 -1.34
200 248.6 -277.2 7.8 -11.7 0.26 —0.40
300 343.4 -368.9 16.9 -25.8 0.57 -0.87
ISDS
400 407.5 —438.9 27.8 -34.1 0.94 -1.16
600 493.6 -508.2 46.4 -45.3 1.57 -1.54
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