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Abstract - The seismic performance of a steel braced frame can be affected by the compression behavior of gusset plates
which are usually classified into force-governing structural members. Although commonly used in pipeline-supporting steel
braced frames, gusset plates welded to a column web only are inappropriate to be subjected to existing formula that were
developed under the assumption that gusset plates possess extremely high in-plane rotational stiffness. To evaluate the com-
pression strength of gusset plates welded to a column web only, efficient and simplified finite element models need to be de-
veloped considering effects of adjacent structural members. This study investigates existing spring element modeling meth-
odologies for gusset plates for direct comparison with the finite element model including column and bracing members, and
proposes a model for gusset plates welded to a column web only using the simplification of boundary conditions. The pro-
posed model adequately predicts the compression strength and out-of-plane rotational stiffness of the gusset plates, compared

with the existing formula and spring element models.

Keywords - Gusset plates welded to a column web only, Non-seismic details, Buckling modes, Boundary conditions, Finite

element analysis models
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Fig. 1. Non-seismically detailed gusset plates welded to
a column web only in pipeline supporting braced frames
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Fig. 2. Effective width and lengths used to
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Fig. 3. Classification of gusset plates (after Dowswell'”);

t3=1.5NF,c3/EL, F,: yield strength, ¢ = min(c}, ¢2),
E: elastic modulus)

Table 1. Effective length factors and reference lengths

Effective length | Reference
Classification factor length
K Lg
Corner- Compact 0, 0.5 Ly,
welding | Non-compact 0.5%, 1.0 Ly,
Column-welding 0.7 1.28 L,
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Fig. 4. Shapes and dimensions of gusset plates included in the finite element models (Unit: mm)
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Fig. 5. General configuration of the FEA models
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Fig. 6. Close-up view of a gusset plate connection and its
meshing scheme of a FEA model with a column and brace



¢
43
Pl

/’ Column web
/
F, ~ X

E=220GPa

Gusset plate

A
Fig. 7. Material model of gusset plate and column web
used for the finite element analysis

AQEBIE L 71524 AGPAG FBAEB
ASEAL wrgstoe] HELe 24

o] dxtA 1l =)

e AASHA. 715 HA o] & HolA S

HAS AufA A (reference node)2. & A5t L}

A A2 AuiE ol A& (coupling) A H 2H, 7]
0]

=
1o
4=
HN'

W 3 A ES AT Aol
£8 T4 AREAOI=1 59
Z¥o SEERIOE P
45ue Faeglct AR BET 4
979 2 el 71 S A AR
qo2 Aolw o] AuEH

N

fr
A :|o
vz Hi

1= &

fLoW o et o
1NN
o
_1
1&

U oo mi oo T ooX K ooft 2 1o PN BN
e
)
1o
Bl ©
E]N

HLoEs sl paIsigitt 239 Wolulgko
TFEHA e AMET | ES] AA| FAIE g3t

of FHRAIC] AHE AL Ay B2 WMo YF
0 AJET TEHA] FEE G ow, oS AT
iAo A met WA AREL oS

AREAo| £ HFRES Ao Lejsty] 9
TANAS 2T RE ARSHolE A m
WOl 14 HBFREE ANZ 0|20 Ao W)
TP} FAC] SFAR ARRA ] Ao FHA

Bro| pAgchx e HWygsls 211 ¥ (side-sway)

FAE A Fig. 82 7 7AEH 0|E Y9 H=

(a) A4SFW

(d) AGOPW
Fig. 8. Buckling mode shapes of gusset plate models

(c) AGOFW

ﬂ‘ﬂ%‘ol‘:‘:ﬂﬁ‘:} ol T =
s AMEHCIE &M H3 AEHY 334
o] y3 4Fe] Aol wat AF| el 2ol HA7] T2
oIeF. 7159 4pstetel FAT AH Aozt B
= guwe e URAL By, o
gHoz 7ol e gxwe] Atk Y3t A
AETol = R4 2 WAo] BT,
Fig. 92 Fig. 89] Z+ AAIEEo|lE Xd 9] 1X
RE gAozny, guel Adoay
oz wol A9} g UG A% 7
ststol tepdl Zolth 715 ehet 443}
817 4o) Zashol 3jo] Z75He Tl
o} 7t A EEe] 14 2R B4 o)
9] 27] F&@H(imperfection)& 71]= A
ot en, 7o LAY FLZ 30 mm o4
A E A5t 27] 71 SA oA BE 9
%o o3t B4 BAS AN SAsto] of
(stabilization) XA A-235}9 1, A 239 AFE
2 susl] o) SR A 0.02 %] FAE A
gahelth. ARATH A o]0} FAT Hyo
+HE mdo Higt fitsasiAdnE Agdet
vl Wkl on, sjArdo] Ao A5S Autao
& #43] AR Eelshitt.

i
3R
oz b

d

9
i
4> ox

logmﬁ’E
g8
%0 i 1 ofk

lo
AN
~

1

oY

o
o %

4

AT

>, ool

— A45FW
--- A45PW
A60FW

1.0 SR

Normalized rotation

.
o 5
Lower end
02 ~

Gusset plate

0 0.2 0.4 0.6 0.8 1.0
Normalized distance from welding surface upper end

Fig. 9. Normalized rotation along welding surface
in the 1st buckling mode shape

32715848 ARBIOIEY FEAS

O] quﬂ]ﬂb 47H E‘Eﬂ_’] ‘IT‘__ _/J\_-B-H/_p%]yg_—, = —.%,—1:'_'31-
weolHy, Wede RuE-3| A, ?*;Lli%@r oHE-
gﬂﬂ J,]-yqla _‘_1=-_0H /al:gc‘,l.q __;;?_g‘ ﬂ

) 7zee] =57 2358 A6 (Ed A|1875) 20234 12 307



M, (1) = P(t) X d, /(1) 4)

AREH 0| £ e 3182 0, Adgo] o
3 b e BED F4NA] WolEe 4, S A A
o] e L& Lhiro] theu} ol Aket

0,(1) = d,(1)/L,(1) ®)

CEIS
M;(1) = P(t) x L,(t) (6)

§HHY £Ag NFoR @mﬂoﬁg_i GRS
AREd ol £ 347} 0, n
FA9 42 L2 ol o

0,() = d;()/L;(1) (7

Fig. 102 4] (4)-4] (= 3 AMEH o1 EL 7
A % Sz Hisf HojEnt.

Fig. 112 47 AMEF0|E sfA a9 #3582
AANE Uetd Ao, £3-HoHY A et A
golE A E =Y AWWVH ‘:'491‘:‘*%} md
A7 BAE B
RIS ANE l ]EJ 4”401]/\1 Eﬂﬂtﬂ%‘
on, YA =Y
o|EZ} JJr% Ur %/\1011 T3 HOH Y
7} LAY A o] wet AMEFC|ES] Fa
0] "1—% H|s2ho] AR 91732 2 Aol 7t gl
== & 7 A vh, "W 3172 A4SPW,
A60PW7]— A45FW, AGOFWol| ]3] w9 A Lhehyt
o, ol 4 3)Z B3 € = %ol AMEHCIE
FRETD FA9 FFE AA T AL 33
g AU 342 R dolrt dojd
5 7|skEA o S7kste WU o] it
SH2A L E 9 9HA S7Fs7] WiizolH

Table 2+= A 2] HNFE PrnuE 4

p F>
3 ol rd o (i el

_&
M
)

-10]1
=
i
é

b

o

A (Dol &

308 Fh=7d7ote] =y A5 Al6 S (EH Al1872) 20234 12

843 Ao\ Bt feasesnd

Reference node

———————————— d,.s(1)
<>
di(1) l O ;
0}
o S e )
L;(1),
< 0,(1) L,@)
0,(1)

Fig. 10. Symbols used for calculation of rotations
and moments of gusset plates

500 || —— A45FW
2 400 -=-- A45PW
g | - AGOFW
E 300 || corrnene AG60PW
S 200

-10 -5 0 5 10 15 20 25
Out-of-plane displacement (mm)

(a) Relation between load and out-of-plane displacement

’é‘ 3.5 ’E‘ 60

7 3.0 % .
é’ 25 é . T

s - = 40

S 2.0 3]

£ g 30

S 15 S

E g 20 ,:'

g 10 ] i

S =10 f

a 0.5 2

s 0 s 0

é 0 0.02 0.04 0 0.1 0.2 0.3
o

Out-of-plane rotation (rad) In-plane rotation (rad)

(b) Relation between out-of- (c) Relation between in-plane

plane moment and rotation moment and rotation

Fig. 11. Analysis results of the FEA models
including column members

beuss Y5t AAFSE 7T Py ]JJ——S]’:]—’_
‘119,]1:”—0(}: 2713 AZA, Kol A 3)S E3] A4
Keao}l v walgth 3t sjArdol Wujulsl 27
A7 KS A, A8 QET O] TS o]
@ 7100 AN YRAE ARE B0 7]

>

oﬁ 0{(1 oo o ok I

HolE 3kolst 4= 9it}. Dowswell ef al. O] Xﬂ Al st
3 HBUIAS 09012 A Pl 423
£ 4 24 %, A 35 % o FII5ATE. AISCOl|A]

AAsHE A 2o AT(= 1.2)F ZE7 P 1+
B H=LolAFE 0.72 AE&5to] ALtE g5
ol T BAES B, A 2% FE
£ BB 7lskith. B9t ofy 2, Wk 3l
o] A5, AP Aol A AAITE ALbAl2 s A 23t
202 oF 50% £F 02 BAHIFET).

(SN ()
ox o)
i_,

o,
EN



R
o,
X
5
oY,
ofl
I

Table 2. Comparison of compression behavior obtained from analyses with those calculated equations proposed by previous studies
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Fig. 12. Stress distributions on the AGOFW model
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Table 3. List of spring elements applied to simplified FEA
models
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1 NS X X
2 FE o o
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Location along welding surface (mm)

Table 4. Comparison of compression behavior characteristics of the FF model with those of the FE models

Location along welding surface (mm)

FF FE
Gusset FF FF FF FF, FF 177, FE FE FE FE, FE FE
geometry Pow | Prad | Koi | Ko | Ki' | Ki/ | Pos | Paw/ | Kui | Ko | Kif | Ki'f
(N) | Pra |(N-m)| Koo |[(N-m)| Ki | (N) | P |Nm)| Koy |(KN'm)| Ki
AdS FW 488.3 1.02 79 1.08 1,628 1.86 | 488.3 1.02 74 1.01 776 0.88
PW 562.4 1.03 96 1.15 | 5,181 1.67 | 500.5 | 0.92 81 097 | 2,773 | 0.90
A60 FW 4732 | 1.08 75 .15 | 3476 | 3.77 | 460.9 | 1.05 70 1.07 817 0.89
PW 503.9 | 1.02 84 1.11 | 4,485 | 3.10 | 480.9 | 0.98 76 1.00 | 1,293 | 0.89
548 7129 Rkl ge s FAx 0] deshd si4
Ry} W wste] gy 42 22 =SS
2 ATE 7IE AAE AREF I ES] A5
2 S oS gl s s, B A (1) 71& 542 ANZH | ES] == |-
g o]z HAZ7IZRO AX=HE 71588 F A 9 W 93730l il Sl wdstA BE
AEH OBl tiet 48 7Hs o1R-E HESIAH. o5 3t AEROEES 7HEsHY, 71589 A
Al 71588 ANE I ES FARAE W3 AEH | B T2 AHHEFOR gl o
FHeasHE FPota, HHAELZRE SHER Z AERTYE W i SR Eo] gt 7
4 F=P S BT olE W LR 715843 o] B9t ka2 s 44 o= HRletgiT.
AREHCIEY] BAXAE F&dteto] g AMNE 2) 715883 AN Z 1 ES] S AT A=
HolEz} 23HE FZ/MTZR WAASHEI A o] M3 #4858 £2E vFeR 37
€9 5 9 fAFeAARAL ARSIl o, o] & 272 gesete] 5719 e ssqRdS

Fr=EokR] = A3s U A6 2 (F Al1872) 20239 12 313



3)

“4)

o]

59 5 9lon, AAzA0) Trestd Saa
asfH B o] A HY FFREES W
# As S o]

Yo
o

[o

AMEH | EQ] 7S 4T

Ho (=g HE5H 95 7t ¢
d s zdo] "asitt= HollA FE 3A
O w3t A md o Hg-2 7t
Ao wotdt

2 AFolA +E 42 S-S XA s=
I7M RS AFRAE S8l 7Ie 0 7HE &
A4 Abol 9] ZHIe7} 45°9F 60°0 ™ 2 A A
golES] AAFA ol FY FAE %= 7S
g ANEYCIES d2 s SR, T E
=9 FAE 7HAE ANEHIE & AT
AHE 28D 45 F7H < iAol st

oo

5

wrel 2

A& 20239 = 2SR R 47 & %

7+ A(KEIT) Q8] Aol &gk AA-E91(20017750).

ZF31 B3 (References)

[1] Ministry of Land, Infrastructure and Transport (2021)

Seismic Design Standard for Buildings (KDS 41 17

00: 2021), Korea (in Korean).

Yoo, J.H. (2006) Analytical Investigation on the Seis-

mic Performance of Special Concentrically Braced

Frames, Ph.D. Dissertation, University of Washington,

USA.

[3] Hsiao, P.-C., Lehman, D.E., and Roeder, C.W. (2012)
Improved Analytical Model for Special Concen-

2

—_—

trically Braced Frames, Journal of Constructional
Steel Research, Elsevier, Vol.73, pp.80-94.

[4] Fang, C., Yam, M.C.H., Zhou, X., and Zang, Y. (2015)
Post-Buckling Resistance of Gusset Plate Connec-
tions: Behaviour, Strength, and Design Considerations,
Engineering Structures, Elsevier, Vol.99, pp.9-27.

[5] Astaneh-Asl, A., and Goel, S.C. (1984) Cyclic In-
Plane Buckling of Double Angle Bracing, Journal of
Structural Engineering, American Society of Civil
Engineers, Vol.110, No.9, pp.2036-2055.

[6] Thornton, W.A. (1984) Bracing Connections for Heavy
Constructions, Engineering Journal, American Insti-
tute of Steel Construction, Vol.21, No.3, pp.139-148.

[7] Dowswell, B. (2006) Effective Length Factors for
Gusset Plate Buckling, Engineering Journal, Ameri-
can Institute of Steel Construction, Vol.43, No.2, pp.91
-102.

[8] American Institute of Steel Construction (2001)
Manual of Steel Construction: Load and Resistance
Factor Design (3rd Ed.), AISC, USA.

[9] Dassault Systémes Simulia Corp. (2014) Abaqus
Analysis User’s Manual, Ver. 6.14, DSS, USA.

[10] Shin, Y.-S., Go, H., and Kim, H.-J. (2023) Com-
pression Buckling Behavior and Stress Distribution of
Non-Seismically Detailed Gusset Plates Welded to a
Column, Journal of the Architectural Institute of
Korea, AIK, Vol.39, No.6, pp.235-243 (in Korean).

2

o ¢

)

271583 AN I EY 5ot Mo o

S

oF: YA QAR TREE ARSI £ hEAFL BT/MREC] hIAS0] 1| o] Ak S ojujEe A 45
L AT RON 7|58 ANBH o E7} &3] AL Hr} 7| E ARS O E FEAE IS4 AN S ol o] Wi 7
Ao] ool Blstel vhe: Arks 7Hol 4 SEE o] o5 7158 4% ANBH o 0] A 3hs A AHeA gk, 7158
AR 0| 0] ST S Hotstelwl QA FEEA} EekE ANBA o £0] ST LA RDE S0k s, AL
Tefst B 2240l o] A7 B AT ANS oo et /)& Ane e 4w ES | E AHYRA EIHE 71587
4 ANSH o 0] ST AT UL AR, BARAL HLTT S22 20D AT V2 AR A Ax g duY

= O
e

Ao cl5T o e2 Aokt B, & Aol A ARt
AL 7| E AT AR H]F] 715 8H Y AMET I EY d57e 542 E HYste AL E YET.

B8 : 71581 F ANSACIE, MIAYA, HBEE, FAZA, ALK ED

314 =730t =] A35A Al6 S (EH A1872) 2023 124



	비내진상세를 가진 기둥용접형 거셋플레이트의 단순화된 유한요소해석모델
	Abstract
	1. 서론
	2. 코너용접형 거셋플레이트의 압축거동 특성
	3. 기둥용접형 거셋플레이트의 유한요소해석
	4. 기둥용접형 거셋플레이트를 단순화한 유한요소해석모델
	5. 결론
	참고문헌(References)
	요약


