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Abstract - This study proposes the buckling-restrained knee-braced frames (BRKBF) seismic reinforcement method, which ap-
plies buckling restrained knee braces to the seismic reinforcement frame for enhancing the ductility and strength of existing re-
inforced concrete buildings. For verification of the effectiveness of the proposed BRKBF method, the reinforcement effect was
confirmed in the cyclic loading test of BRKB and the two-story reinforced concrete frame specimens with non-seismic details.
It was observed that the BRKB satisfied the domestic damping device standards, and the strength, ductility, and energy dissipa-
tion capacity were significantly increased in the two-story frame test. From the results, the effectiveness of the BRKBF seismic

reinforcement method was verified.

Keywords - BRKBF, Seismic reinforcement, Strength, Ductility, Energy dissipation

& Q1% W AT} ATl T o AR

A710. 2 Q% WS AAA T4 BE 1oL 7)ol T
9Ie}. £31,20161 B4 € 20179 Ao H
A AIE ZHe St Y, MR TR, T SoA 4
23k A QTS A 0, 750 Atk e B
310] 9elo 2 2|2 go] wfet- =y o] Fagkol:
2 B2 QI

gh, 1988 U144 £9) o] ol AAE AZZolt

20054% 335 °1/F, 1,000 m* o)) WX A o) e g

Note.-Discussion open until December 31, 2021. This manuscript
for this paper was submitted for review and possible publication
on February 24, 2021; revised on May 20, 2021; approved on
May 20, 2021.

Copyright © 2021 by Korean Society of Steel Construction
“Corresponding author.

Tel. +82-2-490-7427 Fax. +82-2-490-7808

E-mail. 20190022@seoil.ac.kr

1t

ZOHEA] Q=S s, 3373 AS5EC] thsiA = AR
of| oJ 2t wjsf A7 {1l HAAY A
L 70} M-S Z Al 7] uh

SRS A A 7| = v S Aeisla Qo) e 9 7R S
ZIMA7 1 Al 2T BApE 0 Bl Heke, 98 Ex v}
AEZ 7L 900, A4S 771 FHOBE 4]
BZFEH, TR, ATEEE B9 oS s
34 5ol Qs 515 A7 P o R AR A A
Sl L R22 5718 ZH1 AL ZAPAE ol
Sl uh S0l U Fujo] v A E 2 AE 2
2E A2 gt 2452 U Ao gFoz
A7 A7 di 2ol BE=S A= A WAl
510] AR Sl A Brgsith. ey et A
= SN B A9 A, 715 @i Al
A, R AT, 22RAE 172, A

Sy zeke] =0 A33E ABS(EA A|1725) 202149 62 191


https://crossmark.crossref.org/dialog/?doi=10.7781/kjoss.2021.33.3.191&domain=http://ksscjournal.or.kr/&uri_scheme=http:&cm_version=v1.5

|2 AP 7P R T A2 R ] tigt A AT

2 AN =71 e D A/3S S7H7 = WREA
HO| S Bt} v|S= KA 2] 7HA(buckling re-
strained knee brace, BRKB)S Z-8-3F v|F= =LA 7IA]
g 1Y A]AE)(buckling restrained knee brace typed frame
system, BRKBF) WX 2745 - AQFsHth. Bl #= KA
2] 7H ZE Y AAE FHE 7€ S22 YR = QR
of| d2)7} 7ksshH AFARe] A S glo] Al3o] 7St
T 53] 7|E 52 Il = ARl 7R3 El 2 7 B
A= T7HI7 = WRIEATHOE ] vz EA
ALEAYE A5E0] 2-8o] golgt YrEAFE oIt

£ AolA = A vlE=E EAE] 7ol tie] AEE
WXIAA7E 9 A d W58 7HE BAgvlrdol
A AR AR A S E ol A gl BiF=
A 7€ 483 BRKBFE H|URI A& 2=
Z3E udES HARE 23 AIEAYE T

b3

2. 0|22 B 7H0Y e A 2H

2.1 H|FZ ZAE 7Y 2 AlAE S e

H|F =7 M= GHHA 0 2 oA, x| &, vl 72t
E(debonding layer)2 =™, T o] 5 A= Fig. 10]] FA|
H AL 5L 7T L A5 stoll A e SHA HITA P
A0 2 FAEFEALE, GBI FEFL, v FEH|FEAE
o Ty MR PEAERG 2 43S
"o 1 3Lold { 7H(Poisson effect)ol] 2|3 FA|7} ZHAE ],
Ao FA= FolAA, Lo FAY, =2 A F Alo]of Ay
St oHHS HASISY] 210) AFB RS MR A ] £
(9912 4ol o) kB0 2 S BE| S Theh, w2t
Al ZoA = R A5 E AT AR E =)
o] @Asjo] 22 2o ofoh H2THIL. Fig 29] sine
T} 2 e 2 Y-S HolA "o, Hgug 2 vl n
275 GAFoto] YA FRl FAYE J5 N2
A5 F=ZaklZ o] (buckling wavelength) L= F0H
0] 2 0.030] =T 1) ZOAEAL oF 1ol

192 772018 =g AI33E A3 S (Ed A1722) 20219 69

Stress
————————

Strain

Fig. 1. Brace core of the tension and
compression stress-strain relationships
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Fig. 2. Schematic of the high-mode buckled brace core
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(f) External finishing
Fig. 3. Construction procedure of BRKBF method
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Fig. 4. Buckling restrained knee braces configuration
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Fig. 5. Details of buckling restrained knee brace frame system
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Fig. 6. Specimens of buckling restrained knee braces
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Table 1. Test result of specimens (KDS 41 17 00)

2 - oA - ol

Force at zero displacement Force at max. displacement Force at min. displacement H :
ysteresis
BRKB (kN) (kN) (kN) curve area
Max. Min. Max. Min. Max. Min. R
0.33 times 78.5 -98.6 144.0 138.8 -195.5 -168.0 841.0
0.67 times 138.9 —-147.2 210.0 184.2 —188.2 -171.5 3,403.0
1.00 times 163.7 -144.4 228.5 213.7 -179.6 -172.7 6,295.3
300 300
200 200
100 100
Z Z
=] 0 - 0
3 3 /
-100 -100
-200 -200 -
-300 -300
3 2 1 0 1 2 3 3 2 1 0 1 2 3
Core strain (%) Core strain (%)
(a) KDS 41 17 00 (b) MOE 2019

Fig. 8. Load-core strain relationships for test specimens
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Table 2. Specimens of RC frame

(a) RCF-N

(b) RCF-BRKBF-I

Column Beam (2F, 3F) Beam (1F)
. Failure
Specimen : : H-beam BRKBF
BxD hgz;n Hoop |BxD hgz;n Stirrup | BXD | Rebar Hoop mode
RCF-N Col - _
———— 1350 |g p1o 250 350 hoar
RCF-BRKBF-I| x 2.DI16 D10@300, x |12-D22 |D10@200| x | 12-D22 |D10@200 failure | H-250x Internal type
500 |- 450 600 -
RCF-BRKBF-E mode |250%9/14| External type
. 2,850 . ‘ ‘ R T L
3,550 3550 3,550
hsu‘ 2,850 lssu] 350 2,850 ‘350\ [3s0 2.850 0]
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(c) RCF-BRKBF-E

Fig. 10. Specimens for RC frame loading test
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S S
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Strong floor
(b) Specimen test set-up Fig. 12. Relations of load-drift ratio
Fig. 11. Experiment method Table 3. Drift ratio by performance level (Unit: %)
1= Seismic design Non-seismic design
4.4 5F=-H 9 T4 Structure
LB I0 | LS | cP | 10 | LS | CP
7} 59 sl-H 98] A EE Fig. 129] YERHl o™, )
_° Rcfmomem 0.70 | 2.00 | 3.00 | 0.49 | 1.40 | 2.10
15320] ot FE 7 B PRSI Table 40] 511 rame

ot SS9 B] A2 A A2 WA AR ASE S HE

Table 4. Comparison of response strength and displacement

U A%, FAgASE At e] 37] 5 APAS &
23S mjorst 2= 9]} Positive (+) Negative (-)
Specimen
7o) A= WREAIEA] k2 AES] 51857 P, (kN) | 6,(mm) | P, (kN) | & (mm)
FZ1-2 Table 3¢} Zro] WALAE A&E9] 3] 8=7hHZ RCF-N 91.85 63.71 | -108.54 | —61.19
9 70HMEZ Agko}lal 9l oH, X 1 73o] o] Fo]H T} 5 RCF-BRKBF-I | 291.16 | 41.15 | —294.08 | —42.27
gt HE 50| AgH Q] FAE0] gollA HEE RCF-BRKBF-E | 227.93 | 4724 | 22857 | —45.30

A1 7} o] A3} £} ZhS AL5l = F]of QI

RCF-N 294 &, F27} H| 1 A9 A9 JMMW% 15 5719 294.08 kN, 23] A% F7+ 559.51 kN, £71
9] 42 A712] 91.85kN, 271 108.54 kN, 220 A%  564.83 kNO.E 3Q1]9l on, o|ufj9] Zﬂlﬂ%ﬂ]hl 45%
748 182.01 kN, 27+ 165.16 kNO.Z ERIF|glom, 2 QIACE SRIF et H U o] ¢ A O] FF-2 XA
THOZE MUY o|F 15 7|5 opf oA 23E = SFEJN A% stsdae S H] 3.28 %71
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B 7} ABA ] HjyEl2 129] A9 A7l 291.16kN,  AH7FAFH ] el 159] 49 4712 227.93kN,
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Fig. 13. Test result of specimen RCF-N, RCF-BRKBF-I and RCF-BRKBF-E
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