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An Experimental Study on Seismic Performance of Reinforced Concrete
Beam-Column Retrofitted with Replaceable Steel Haunch System
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Kim Yoon Sung Kim Min Sook Lee Young Hak
Abstract

The purpose of this study is to experimentally analyze the seismic performance of beam-column specimens with vertical
irregular, which were reinforced with RHS (Replaceable steel haunch system). a steel haunch system. To evaluate the
seismic performance of the RHS, three specimens were manufactured and subjected to cycle loading tests. Retrofitted
specimens have different beam-upper column stiffness ratio as a variable. The stiffness ratio of beam-upper column were
considered to be 1.2 and 0.84. As a result of the test, the specimen reinforced with RHS showed improved maximum load
and effective stiffness, and energy dissipation capacity compared to the non-retrofitted specimen with same beam-upper
column stiffness ratio. The specimen with 0.84 beam-upper column stiffness ratio showed improved performance than the
specimen with 12.

Keyuwords : Seismic retrofit, Reinforced concrete beamcolunm,Steel haunch, Vertical irregular
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+
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+
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14 1493 1038 1764 1522 2053 1763
175 1450 1019 1820 1527 2035 1746
22 1449 983 1869 1550 2075 1824
275 1454 995 1894 1591 2096 1821
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45 1427 780 1761 1247 2116 1698
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-0-BC450-H
-5BC400-H
-=-BC400-C

drift C12 HS51.2 HS-0.8
ratio  (kN/mm) (KN/mm) (KN/mm)
(%) + - + - + -
0.2 1122 742 1472 865 1507 1048
025 1126 690 1329 807 1447 9.68
0.35 946 649 1123 789 1245 942
05 837 597 973 765 1072 922
0.75 715 533 840 711 916 853
1 656 461 714 643 821 789
14 474 330 560 48 652 560
1.75 368 259 462 38 517 443
22 283 199 378 313 419 368
275 236 161 306 257 339 29
35 181 127 243 200 271 228
45 141 077 174 123 209 168
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(9 (Nmm)  (Nmm) (Nmm)

02 92.95 149.12 12834
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1.75 8995.51 10598.14 12940.08
22 152591 18047.17 22202.76
275 24364.20 29867.54 36042.78
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45 54776.18 67609.81 86200.72

4. 7=

2 AFoies Aok H-7is Zgdol ol
7 Q= Bl KRS HIEEs sEeE U
88 ¢ = RIS BASHe AlgAe -7 3
AHIE Be= 610 AFRoE Flep] Qe FE
Z AEAl 7N, RHSZ BZE FEIEADE AIEA
VN AEGl] BV AFE dolditt B =
Hol =@ A= ks Zrt

D) FRZ Algde SHHRH] 0.35%00A Bt
Ho| HE| AlFGIED HZ AlgREE 0.2%O]
o] WS AIFGIE HE AlgRlE

R

HHZ AIFAl Hslod #E IR B dEoR
ARERAY 710l BHE0] WHsIAl LUTE IS
9] AR} POl H-7Is ZgHI9] xolrt o &
S AIgAl HS-0.80] HS-1.20 HIl] Yo =
1 et JRth BZ AEA BF SYRHS]
L4%OA SHVIS-RE Hdsk= Slxlo] go] &
ASIRNL,  H-129] A% SHAE] 14%00A],

O
H-089] &% ZEXHiIH]

L75%00IM ARV 1S-

HE HZe @X9l Hol skt AREE
A7 HZEEl wEe BEo] B8 T A
Hol WS okl ROl AT E5 WS
Dol AFER ARR RHS HZZHo] AFAE

HZSICI] TSI,

2) RHS HZIHES AN
HS-12= FRZ AR C-120] Hisld Rars
g 7IEo=2 o Ftiekso] oF 1282 FHEEof

e EINoR  REMSE  HUSRU
HS-080) EUE AUBES Hs-L200 IS

oF 11 O =A SEUQLE HS-089 FHkek
Fliolse Hdieoll Hislol oF 12vi2 FEw
3 HS-129] Fdgk ziolse Figl Hisko]
oF LibHl= =E=HRICL ol Saf & HIgE
Z/gH19] Ro7t E4F H
E¢o] A raske SRIsINTt

3 RHS HZATHe H&oh Algd=
AVERE FHeFE9] 80%01 TE=HGI0]

>
AT
>

bal

)

op
o
ot
2

7R FEZ ARl Hisll © 2 f82d 0]
RN e AlRde geeoite fedd
o] FdgolMel fedduEtt Fol o A uE

HS-12=

SOk H-4R7ISe] 28 ol o 2
A

A SEERACE e FEgo)
Tt HS-127F HS-081 Hlwsl] o IA UE
Wl O Sdied HiEgd 7220 Rt off
9] ZdHl xopt S5 HIEH0 A Fd61o]
ANdse AAAPIH RHS B43He 488 &
IEor Hsks Z10% BT

) 1S9 H-7Is Z&HPPE 120131 RHS
ddHe ARESH AlEAle ZgdPE 120130 B
401 AiEAol HIslo] ARl kol o

v

'~

it}

2B xs3|x|_87

o



1230 O =QTE H-ARUIS9 ZEHIZE 0891
HZ AEAE ZAEE 1290 B2 AIFAl] HIsH
o] FHOIR] kO] OF 1278 O =A S8
o] RHS HZ JHo| oUR] satss SFHoA U
s kol 7|ofehy ARVisw shise H
s Z-Hl Aot 245 FEURME &
HoA R s0] dAaste SRlsIr

O] =2 FRERYIEEHE R MACE o=t
Al RHs Hop E dFINO.
2020R1A2C2009351, NO. RS-2023-00217322).

References

1. Ministry of Land, Infrastructure and
Transport, Guidelines of Structural Design
for Piloti Buildings, 2018.

2. Akbar, J.,, Ahmad, N., & Alam, B. “Response
modification factor of haunch retrofitted
reinforced concrete frames”. Journal of
Performance of Constructed Facilities, Vol.34
No.6, 04020115, 2020.

DOT:htps:/ /ascelibrary.org/doi/10.1061/ %28 ASCE% 29CF.1943-5509.0001525

3.Kim, Y. S, Kim, G. C, & Lee, J. H,

“Analysis of Damping Performance of

Hysteretic Dampers of Buckling restrained
Braced Type According to eccentricity of
school buildings with Torsional irregularities”.
Journal of the korean association for and
spatial structures, Vol.23, No.2, pp.37-44,
2023.
DO https:/ /doi.org/10.9712/KASS.2023.23.2.37

4. Park, B. T, & Lee ]J. H, “A Study on
Characteristics of Hybrid Damping Device

Combining Rubber Core Pad and Hysteretic
Steel Slit”. Journal of the korean association
for and spatial structures, Vol23, NO.1,

pp.45-52, 2023.
DOLhttps:/ /doi.org/10.9712/ KASS.2023.23.1.45

5. Zhao, X. Y., Zhang, H. Y., Wu, B, Jin, H. M,,

Leung, K. T, Lau, L. S., & Lee, K. H. “Cyclic
behavior of non-seismically detailed full-
scale exterior beam-column subassemblies
with setback in columns”. Structures, Vol.35,
pp.531-550, Elsevier, 2022.

DOI:https:/ /doi.org/10.1016/j.istruc.2021.11.026

6. Kanchanadevi, A., & Ramanjaneyulu, K

“Novel steel bracket and haunch hybrid

system for post-earthquake retrofit of

damaged  exterior = beam-column  sub-
assemblages”. Structural Engineering and
Mechanics, Vol.73 No.3, pp.239-257, 2020.

DO hiyy wsvtechnopress org/content 2pege=artcledjounel=sentvohume=Bnune3ordemume?

7. Lee, Y. W, & Park, H. K. “Hysteresis

Characteristics of RC Exterior Beam-Column
Joint Retrofitted with Haunch”. Journal of
the Earthquake Engineering Society of Korea,
Vol.21 No.3, pp.115-123, 2017.

DOhttps:/ /doi.org/10.5000/ EESK.2017.21.3.115

8. Sharma, A., Reddy, G. R., Eligehausen, R.,

Genesio, G., & Pampanin, S. “Seismic
Response of Reinforced Concrete Frames
with Haunch Retrofit Solution”. ACI
Structural Journal, Vol.111 No.3, 2014

DO https:/ /doi.org/10.14359/51686625

9. Tsonos, A. G., “Lateral load response of

strengthened reinforced concrete beam-to-
column joints”, ACI Structural Journal, Vol.
96, pp.46-56, 1999

DOI:https:/ /doi.org/10.14359 /595

® Received : February 14, 2024
m Revised : February 21, 2024
® Accepted : February 26, 2024

88 x24H AM1E EH 955, 2024, 3





