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Analytical Study for Seismic Retrofit of SMRFs Connections
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ABSTRACT : Based on previous research on steel moment connections, experimental and analvtical results showed that the
deformation capacity was poor in specimens using RHS columns and with conventional weld access holes and strain
concentration at the end of beam is influenced by the efficiency in transmitting the moment in the web of beam through the
beam-to-column joint. This paper is focused on the retrofitting of pre-Kobe steel moment frame connections using a stiffened
RBS and a welded horizontal stiffener. These retrofitting methods were considered only in beam bottom flange. A parametric
study was performed using nonlinear finite element analysis to elucidate and improve the retrofit methods of connections.
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KEYWORDS : Exisiting moment connections, Retrofit, RHS column, Reduced beam section, Horizontal stiffener, Nonlinear
finite element analysis

1.ME Zdx) 9] gE3Fo] 999S YHtHOkada et al., 2001).
dEdME G 2 Wgse] 44 fEe 2w
EZzd RHS 7152 ¥¥ez AMgsln gl #H2dle
FUeIME oleig AL o2 1 AF8Ado] FriE Sl
Ao}, 12y o]3F 48 Aol £7s8ln RHSZIF

19944 Ae]¥yo} e2ej] A3} 19959 A EHA|
Zl oldd] AMgE HERHUEZZ(SMRFs)E BolM A4
SRES Wlshe 3R AT 7HIA 3 A o

M APdse FE3 wiske Aoz EEEdd gt
A Aol BEEMETZE ZR| ARgEo] st O
eu} rexefR] A2 End GRAR 5t AEEMEZ R
A7 dere] JEE Y. 1 dEle F2 S
AEshs A4S Yehiigich

olg|gt IEE Agoz AP YM  ZEy
(Rectangular Hollow Section: RHS, ©]3t RHS) 71%3}
HEPHE FEe 48S dMsidn, 1 A siEdA
gk 278 (Weld Access Hole) ©4-2] ] (Notch) 2}
gl 4o ofgt Hel TR Aol 7eld s

1) 334, Pidga assty 24 288 osh@pusan.ac.kr)
2) BA, A9l nejdjetm % - ARl Rela) BR21 9Tas, Feh
(Tel. 02-921-7983. Fax. 02-921-2439, E-mail : kyj282@empal.com)

S A A AL 93 S dow Heuo Hitd 7
FEWA ] wejidgo] walsle] HeHe| wulEHGE ol
Astshz Abdel drazthMatsumoto et al., 1999 Y.J.
Kim et al., 2006). A3elr BHelbe] mulEdgass|
s FuAe gEs I ARE Y3 ey
RHS 715 7K AZ R4 2079 w3, &8
o] F&EI 4 Heveo| wHEHDE LA ] o5 Sz
z]e] 22o] AFaH Ho] 27| HMopdels A za)s)
€ Az fddd, ol2jd A fxE WAsln vds
HE PN S ete g TRt U BN E 71zl

2 evd g E9F 20084 124 319717 g3z ByRAld E9| g
e Al

SRRz stE =27 H20W 35(83 WS 20084 68 445



2uE - HEF

AYF7t A=K Steel Design Guide 12, 1999 Y.J.
Kim et al., 2004: S.H. Oh et al., 2007).

£ 9479 5Fe 7ud dAA oo e AZrdl
E A3 (Pre-Kobe Steel Moment Connection)2] WZx
7(Seismic retrofit) ¥kl wajA H¥Hez HHre A
olt}, o]E §JeiA Aol AR vHE FAHHE 44|
151, RHS 7152 71 71& ASRANERIF yids
< ol7] 9% HE AN E

2. 7|1 o7&y

u]Ze] i) XA R Aud FRAZIN G
Ao ERRT wld] disid, B a7 2 AU
0| 0|24 - 4¥H A7E BN HEF A S PAs)
g eld g A2 AL AAEA

Steel Design Guide 12 (AISC, 1999)dMe 7]1& S
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- SR Series (Stiffened RBS: SR1~SR3)

- RH Series (RBS Type Horizontal Stiffener: RH1~
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HA P o2 E de APARANE AHgelglen], 2l &
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28 5 273F(2004)0] HEF SSPO1 HEE AdAe
Azl 2 Aol AAg oT1 2o s dns v
o2 WHlE-3MZLS vlmslld), vlads 20704 2 g
W3} AAHY o] F o] vl Zlom Jeltn o] BY
S AHEl] o]Fe] M S APt ¥ 62 7t rdE
o] wulE-ZHzt $AE AlgjzEE Jeld Zoln, Hng
i 71ERE CT1e) 2tE o AgzdE ¥3A
7 vepddh. E 19 aiddz) kS Aelsiich, #3384
FEEUQ CT2E Algahd 2E AN wdEo] ojdgx
4L A9 vl%s Jeln). 7128499 CT1S 71308
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HEoueEETe] WrE ol 2E siME ol
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1. sz

oy 271734 gEe | guaEg | Hoe

(kN.m/rad.]| (kN.m) (rad.) (kN.m]
CT1 304650 1820 0.006 3440
CT2 117300 1173 0.009 1385
CT3 298240 1720 0.006 3330
SR1 307450 1680 0.005 3340
SR2 311620 1760 0.006 3440
SR3 | 326800 | 1960 | 0006 | 369
RH1 335590 2370 0.007 3990
RHZ2 338500 2440 0.007 4040
RH3 337330 2450 0.007 4020
RH4 338870 2450 0.007 4050
RH5 340390 2440 0.007 4080
LH1 327770 2280 0.007 3840
LHZ 328480 2280 0.007 3850
LH3 333070 2370 0.007 3910
LH4 347980 2410 0.007 3960
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AR 89t o] Alejze] REEE CTIRE TR T2
71598 g BEAAQ] YTl ARHUSE 182 F
& & 4 9tk o] RBSY #3 CT3Rd 22| 371 4
2B ZU R H7ksl17] wEoleha bt wheba shy-El
Aok HERA S AFspelE BATHAEZY7} gled 7]
FogtE Uy ozl Ho ARG PSS & <
A Forcs g0 5 982 Il
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o Wigy B¥E 7t Algjz¥a Uehd Aot} Mo s
WAl 2a83]e] €7} gl sMEERIAle] AFEH(TBF) 3}
sHEUAle] SHH(BBR)CIA Y] WEE BEE 27} 290
Uehdch & wdlo] HALEYE TRRAME 53] 22
w7 7 & HExE JeilEd ol 7lsiEE e 2
go] w37} gl FEolM MEEs} AFee AL & HoF
£ dga @ 4 glrh 2 agdle vag A 7Rl
CT19 ¥¥x ¥¥5 Jepich CT1z CT3Rdel HlajA
SR, RH ¥ LHEde W¥x By= 76l de AL ¢
& 9k,

% 102 HEugse A A E vehd A
o}, o] ¥ BN ¢ F e AL T AN
HEeyl a9 WEs 3] dudes ada @ 4 ok
olg)g WE: AFE B meksly] YaiA gEelFe
ools Azt digh ME el 718 & 7|1 871E Altelc
Z, 718717 29 24 d¥E FFe] A He Aol
a3 10S AuEd, z} gz Jehd CT1¢] 718714 H)
&4 SR, RH % LH 2dE9] 71¢7)= s Adds @
o & 4 glt}. oleg RUEE 3AZe] Fle MY x|
Z7Hgo] vle EoHE ofvulgit o3 Wik FFE vl
87] el 7+ 714718 FeiM CTIRYS] 71718 71EL
2 #d 28 119 vepic}. SEEZRAE AT CT39 74
£ wgx 30| CT1dl vjsiA AT o3 w4 |
Epdeh 22y SR, RH % LH 2459 & 27} 0.17,
0.27 9 0.222 Yeldeh ol &eHe 23 4=
AP} AAdEE 2 =Rl AAg B3 AANE A5
Aol gehg Wxslm b e gHaM SR HEsy
S wg]E 4 9l Ao ok

Strain [%]
Strain [%]
=

-120 80 40 0 40 O 120 [0 80 40 0 40 80 120
Distance [mm] Distance |mmy

Tensile strain [ %]

Tensile strain [ %]

Tensile strain [%]

452 sRzTxss =28 M0 35(SR ME) 20084 68

Strain [%]
=

Strain [%]

<120 B0 40 0 40 80 120 -120 50 40 0 40 8O 120
Distance [mm] IDistance [mm|

08 9, ##E 23 (TBF: Top of bottom flange, BBF:
Bottom of bottom flange)

0 0.1 0.02 0.03 0.04
Rotation [rad.]

[ 0.01 0.02 0.03 0.04
Rotation [rad.|
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4 €82 RBSHTF(CT2 B9)9] 75+ Badside)
AFNoM W 99 S gulsle 71FHY BREA
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7K RBS HIH(CT3 99| A4, 71& 8%
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HapEdAeMe 3RS skt

(2) RBSel F7Hez FHAE|ZUE B3 SRAZ=
2] 735 715 BEAA MY §HRFo] s
Adehe dvs dehlilth wiebd 3R

HERUEFT | LZIEZol Bt MH AT

RBSE # &% 7%l F71Q1 Bta4vt dasic
1 gk

FHAEZH g A¥sle] MRS FEF RHY
LHAE]|2 Bde] Afole §e 24399 S gxs)
A 7150 4y Holzl Aol AIAE B
T e 7S EsEs,

B aAgoA AAlg Ae] Bueke AlgAde] Mo
& 98 Be sHZURE FHoE HEHAD, 4
A3} BeEx|e] Rgto Ry $43 ST
£ Wik 1 FoA SAEE Al 7t
4 #elg SR LH dHYE AAsiaat g}, Folu
O, # d7aA Ak WAEZRATREE HA A&
7] dae 715S WA Y FRR=g nE A7
2E gkl o)A S AEske A% B FA A
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