ISSN 1598—4095 (Print)
ISSN 2287—7401 (Online)
http://dx doi,org/10.9712/KASS,2021.21.1.87

Journal of Korean Association for Spatial Structures
Vol, 21, No, 1 (E# 83%), pp.87~94, March, 2021

HAZH0|E HERVE THlEXC| LY ‘ds0l DXl B

o

Influence of Gusset Plate Connection on Seismic Performance of
Braced Frame
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Abstract

The purpose of this paper is to improve the inappropriate analysis results when the end of the brace on braced frame is
applied as pinned connection in practice. The stiffness of the gusset plate connection on the braced frame has the amount
of between pinned and rigid connection, and the analysis model that applies the stiffness of the connection must be used
for accurate performance evaluation. In this study, the stiffness of the gusset plate designed by the balanced design
procedure are quantified, and applied to the analysis model to simulate the gusset plate connection. The proposed model
was verified through nonlinear static analysis (pushover analysis) of SAP2000. The effect of the connection on the seismic
performance of the braced frame was analyzed by comparing the proposed model and pinned model. As a result, it was
confirmed that the performance of the braced frame was evaluated conservatively in practice, and the ductility was
overestimated. Therefore, it is important to consider the connection for accurate and economical performance evaluation.

Keywords : Gusset plate, Stiffness, Braced frame, SAP2000, Nonlinear static analysis, Seismic performance

THiEEE 52 EEs TR REQ AlLEIoR
T dss AP flol A8k e 28 B 2% |
48 Wil HZ Ala”loft, dHNoZ Tiille AME
ZOIEE Soff AaEH, THEaks] ool &5 Fh= B

« S|, Agaebladfetn A5 MAL
Department of Architecture, Seoul National Univ. of
Science and Technology

» WAIRAL e, Aeuelr]etisiy SR wa,
Bapuia}

School of Architecture, Seoul National Univ. of
Science and Technology

Tel: 02-970-9015 Fax: 02-974-1480

E-mail: happyjh@seoultech.ac.kr

AVE =R TMiERe] ds2 =2 FA 7,
GgR o dEflots Fest ds5ErlE 99
A AMER0E HERE Foid 4 Q= oA
HEo] HQsiCE

E =RolAe Rk 24 A7g olgslol 7MEe
OlE 1ARS] ZHS FHesklRom, SAP2000S &
o 2R WY B Aug ru¥g =g s
HES HEGIL ot EEe de i 7ER
9] Hie gHelide doilan, Aok et 7
£9] g HEol dss Hlulsto] AME0E o

| ds0ll nixle geks A6l

ESZATMIZERY YR 52 R WY Q719
=]
B

=T T
AEEQ IHE
Qo
A

40
r
i
jeily
2
iy
oim
e

9| ALt

Hol =g slggtoza g = Q= A8
A0 Wt Yoo, Lehman & Roeder(2008a)=

S TS B,

Lehman et aL(2008)1} Roeder, Lumpkin &

Lehman(2011)&

o AV el AE E+F




Hofol - R

—

AZMIEZRO] AME0IEZL HIZRIF O AAE
UASE AHGIACE Fot 7Rl s, 9JkalA]
22 LT, Aoke ¥y 589 L7t Atk Ad
AT dio] wel ME2e dS8AERKBalanced
Design Procedure, BDP)Z ZHelSIGC?.

Hsiao, Lehman & Roeder(2012)= A&lsll AlEA]
Q1 ALt HEIER ANMEH0E &R thet vikdy
oA Els JiEsiQlt Aoke HeEe N k= 4
Bt Akgst 7189 WalEi HlwEn) £ 44 oy
A9 @AR= FoKA shA] HEl 13%, Eet
2R 2 20%=2 FotE HES ARSIIS
4E Hs 2 = T Hge O deelA a5 =
Ch= ¢t A0 RAIGIACE whets] Z39] Fetet A
a2 05a6l] fI610] 7l Aeter ey et
Ofjet id5o| st Aetel Fo] Qgrs A%}
Ay,

Du, Liu & Chan(2019)2 {HSHHAE FEoh a4
2Ys Aokelo] EEVER0] BE T Ass
SoIRACE Aok RS BAiY shio] Q4 AKESt
o] HEsIUOH, MER slojEE|E RAY 7]
H-718 Q4R F7] dghl} TRSEe 6t =
St 7 SRl ANEE EQI6lo] AMEH0E A
Ho| 9y AsE LERNQITE 1 Eif, Aok HEe
oA e84 It HEo] Aot oA duks st
Ay,

TPA0= T7RHS A2 St aliA] Elo] S,
AEOIE Y 7o thist &l ASe 34
AL DAL F o= +2E9 WlEdsEr10]
oot =] #dat Q7 w5atal QUCE & H5HolA
Hehshl ZrEQl uildsgriel sQ80 wet
A8l oAofiA] F|Ato] HElY ZHuke Foio] §f
FEROT Aty Hay 2 9 s pulo] 282
G=QICE olof A=Y FAIEQ] Hs HIWE Sofl A

HE s JWIREY WRMSsE

oz

4
Y

rr

L1’ ° & )

L2 .
L3 !

{Fig. 1) Proposed model for rotational stiffness
of connection?

ol F REES A&silam, o= (Fig DIt &th
(D= ALY

E Wt
KR{Jtatiurtal:(ul = L—( 12 ) (1)

ave

(Fig. DAIA £= B9AS, w,= Whitmore {5
Z L. Bt $8%=40], 1= ANESU0IES] FA
Ot} Aok el & A] (1) Agfstal Al = ¢
AR9| o)1 Zde AIoih

oy
rgh
H

1z

1.3.2 AMEz|0o|E AAZ

ANEHOIE AERE F8le] <flal ZRIYY
(Rigid end zone) H HIAY & Axdg LJ6lojof
S} ZAIYY(Rigid end zone)S AAXZSHOE ¢4
HE XSt Jods LERRY] f16 Ewlofor Sith A
] S[O1E ZAulof OlebH AMEZOIE:= t &
O Qla UF WOt Hgo] dhsh | miEo] 4
Al FY(Rigid end zone)2 F&| AMEZHOIES] H7]
HC} ot AT) weiA (Fig. 2)9F Zo] Hol ZRIgY]
e AR AMEH0IE 712 Zolo] 75%T ShSiTt,

AREZOIE HARO| HiAY He| SId Asg AlE
gojdap| floto] Mot Sd Axuy pEle (Fig 2)
o} 2t} By KIoIA19) S1E 282 A (D€ TEH,
g8 & 2-8e 77) sl 249 1%0Itt. 31 AxY
HYO| SIA HHEE A (22 ALFECE

)

S
Il
e

~

1y,gusset (2)

88 _ 213 mM1s E®835, 2021. 3



AMZE0|E AZFV} JHEZ2| HZl ds0l| ojxl= S

Column

Brace
B / - Nonlinear Rotational Spring Model
7Y N Moment
Wt
b AL (&)
481 ¥
:
£
Rigid End Beam
Zone L
0.75a
a

(Fig. 2) lllustration of the proposed
connection model®

2. 29Y 45
2.1 SAP2000 siA 22

QMBS (UW)OIA 435t HSSs AFAY 2 o
o] IR ISP (NCREE)OIA] - =85t
TCBF2-1 AISA "0l thaod SAP2000'7E o]&510 H]
Ay FAoide SSlolitt Mok FEle 1.3 249]
AEHOIE (AR 161 HES EQllon, HRg
e ol EQoiK] @il 7 ST diEgtos
TEHGIICE O AQe BE U Aok HEl}
TEe HEo] ot Aoke eyt TR HElo)

=

d5& Hluelo] Aok U9 Fekds FrishlAt
SIAC

cll

2.1.1 HSSb52| Hot=l =l

HSS5 AEAH9] 715ters SAe (Fig. 3 (2))Y0]
LIERARIOH, SAP2000E Ol&st0o] ddst e
(Fig. 3 (b)Het 2tk oA TEEe Yoo, Roeder &
Lehman(2008b) V9] $3tQ4aiAol AFgE 27 24,
MME 2437} BE0] Hsiao, Lehman & Roeder(2012)”
o] RER 7S XTSI ARRE i) 741} Al
T 242 (Table 1yol HelsIACE

367m
W16x45

i
N—

\ Y
— Shear Plate >
Connection

HSS 5x5x3/8
\
\

3.67m

Wi12x72
2SN
N
K\“: .

4
/4
2

1] Fully Welded Connection |:

(a) Geometric shape of  (b) Proposed model of
specimen® SAP2000
(Fig. 3) Overview of HSSb specimen

MIOFel 1Elo] W V1S, 7He] 4A4%IRl= FEMA
356'7] Steel HIAIF SIX] $4& AKgslo] Hol 7|5
£ LR, 7 E5Y0] YHIICE Aok XY
oAl 7] O] Wilist Heto= 7|9l He| F=e
Rol7] flslol £7] dghke L/1000(L=7H <o)
2 ZEEGIIrt Eok ZAYY(Rigid end zone)g E
SAZ17] Qlall B, 7189 THEE End length offsets
71502 KA

HSS5 AlgAol ALSEl ANEH0IES] 3IF Zde
Al (Dg B3l £E56199m, 1 gke (Table 2)0f LIEH
UIQICE. Fot AMIEZIOIES] &Ast HIMY He| S
Ass AadolMsly] 1510 Link elementE AR
SIUCE AER9] Zojet Z&e st H-7E9]
A 7 R OARIE T A9 B4
(Multi-linear elastic element) FEOZ AHGIACE ™
U S diek2 FEAE o, He] WeFoZ= (Fig 2)
O] vy g Axgy rd Tefof weh HHE-F]
Nz Edg Boloilrt

0

2.1.2 TCBF2-12| Mot=l =g
TCBF2-1 AgAl0] 715t} gate (Fig. 4 (a)”ol
LIERAQIOM, SAP2000& ©olgsto] st HEe
(Fig. 4 (b 2Tk Alge BRI 23 Sdxl=

(Table 1) Section and vyield strength of test specimen
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(Table 2) Rotational stiffness of test specimen connection
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(Table 3) Variables of analysis model

Rigd  Link  Pinned
end zone element connection
Proposed model O O X
Link model X O X
Rigid model O X O
Pinned model X X O
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(Table 4) Analysis result of 2D target building

Drift Ratio (%)
(Fig. 10) Comparison analysis result of
analysis models

100.0 100.0 100.0 974 970

0.0

Proposed model Link model Pinned model

(Fig. 11) Percentage of analysis results
compared to proposed model

Rigid model

u Proposed model

Link model

= Rigid model

® Pinned model

Ductility
(Fig. 12) Ductility of analysis models

TR Y227, Rigid RE(1.75), Link FE(1.06),
AeE HE(1.00) 0% 2 ¢4 5388 7K1 A

Analysis model  Elastic stiffness (kIN'm) Yield strength (kN) Max. base shear (kN) Ductility
Proposed model 10264.3 739.0 883.6 232
Link model 999%.7 717.0 741.6 246
Rigid model 9475.5 4738 7304 4.06
Pinned model 9150.1 4392 576.2 527
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