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ABSTRACT

Background: The stability of the panel zone plays a critical role in the performance
of steel moment-resisting beam-to-column connections. Continuity plates are
commonly used to prevent local instability in the column web and flanges;
however, existing design provisions are primarily based on studies of wide-flange
sections, and limited information is available regarding the behavior of double-IPE
built-up columns under concentrated compression. This study investigates the
local load-bearing capacity and instability mechanisms of double-IPE built-up
column webs subjected to double compression loading.

Methods: A finite element model was developed to simulate local instability under
concentrated load, and its accuracy was validated using available experimental
data. The static Riks analysis method was employed to examine buckling behavior,
incorporating initial imperfections equal to 0.001% of the first buckling mode
shape. Subsequently, the behavior of 15 double-IPE built-up column specimens
under double compression loading conditions was examined.

Results: The web and continuity plate capacities were evaluated using the AISC
360-22 provisions. The findings indicate that the actual web compression buckling
capacity ranges from 132% to 189% of the theoretical predictions for columns
without continuity plates, while the effective load-bearing capacity of continuity
plates ranges from 91% to 147% of the theoretical values. Finally,
recommendations were developed for determining the capacities of the web and
continuity plates in built-up IPE columns.

Conclusion: Current design code criteria are overly conservative in predicting the
local capacity of double sections. The proposed coefficients and relations proposed
in this study enable a more accurate estimation of the actual capacity of columns.
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Introduction

he stability of the panel zone
plays a critical role in the
overall performance of steel
moment-resisting beam-to-
column connections under
lateral and gravity loads.
During severe loading events,
highly concentrated forces are
transferred from the beam flanges directly
into the column, generating extreme
localized stress. Continuity plates are
commonly used within the connection
assembly to mitigate these stress
concentrations and successfully prevent
local instability mechanisms, such as
buckling or yielding, in the column web and
flanges. However, a major limitation in
current structural engineering practice is
that existing design provisions, based on the
AISC 360-22 specifications, are based on
comprehensive historical studies calibrated
for standard wide-flange (H-shaped)
sections. Consequently, very limited
technical information, experimental data,
and design criteria are available regarding
the structural behavior, load-bearing
boundaries, and localized failure
mechanisms of double-IPE built-up columns
under concentrated loads. This lack of
information  often  forces  structural
engineers to rely on overly conservative
assumptions, leading to inefficient and non-
economical designs. This study directly
addresses this research gap by conducting a
rigorous investigation into the local load-
bearing capacity and instability mechanisms
of double-IPE built-up column webs
subjected to double compression loading
conditions. By systematically evaluating the
structural  limits of these paired
configurations, this paper identifies the
inherent safety margins of current code
criteria and proposes reliable alternatives
for structural design.

Methods

Finite element (FE) model of the columns
was developed wusing ABAQUS 2020
software. To verify the accuracy of the FE
analysis, the numerical results were
validated against the experimental and
numerical data. The column specimens had a
constant length of 1.2 m, and the loading
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plates matched the column flange width with
a thickness of 20 mm. Steel material
properties were defined as isotropic with
multi-linear true stress-strain curves. The
column material is ASTM A992 steel with a
yield stress of 345 MPa, an ultimate stress of
530 MPa, an elastic modulus of 2x105 MPa,
and a Poisson's ratio of 0.3, while the loading
plates were modeled as elastic.
Geometrically, the continuity plates were
extended into the column cross-section by
one mesh thickness, utilizing the "Embedded
Region" constraint to ensure full rigidity at
the joints, while "Tie" constraints connected
the column to the loading plates. Column and
loading plates were discretized using three-
dimensional eight-node solid elements with
reduced integration (C3D8R), whereas the
continuity plates were simulated using four-
node shell elements (54). Structural stability
and post-buckling behavior were evaluated
via the Static Riks analysis method
considering geometric nonlinearity. The
initial geometric imperfection, set to 0.001%
of the first buckling mode shape, was applied
to account for manufacturing tolerances and
buckling initiation. Under displacement
control loading applied to the top surface,
the loading plates were restricted to move
only perpendicular to the column flanges,
with the failure criterion defined by reaching
the ultimate capacity. Finally, a three-step
mesh convergence study showed that mesh
density near the load application zone and
the web-to-flange root is critical; thus, a fine
1 cm mesh was applied within 15 cm of the
loading zone, and a 5 cm mesh elsewhere,
while the web and flange cross-sections
were divided into 3 and 4 elements,
respectively.

Results

The ultimate local load-bearing capacities of
the column webs and continuity plates
extracted from the parametric finite element
analyses were evaluated and compared
against the theoretical predictions derived
from the AISC 360-22 specifications. The
comparative findings indicate a level of
conservatism embedded within the existing
design equations when applied to double
built-up column. Specifically, for the column
specimens configured completely without
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continuity  plates, the actual web
compression buckling capacity obtained via
the FE simulations ranges from 132% to
189% of the theoretical predictions
proposed by the design code. This
substantial discrepancy clearly highlights
that standard wide-flange formulation
significantly  underestimate the web
buckling capacity of double-IPE sections. To
resolve this inefficiency, a modified nominal
resistance relation for web capacity was
formulated based on the numerical data.
Furthermore, the evaluation of reinforced
specimens demonstrated that the effective
load bearing capacity of the continuity plates
under double compression loading ranges
from 91% to 147% of the theoretical values.
To capture this variance, a quadratic
modification factor (C) was developed as a
function of the continuity plate slenderness
ratio. These findings indicate that while the
current code criteria remain safe, their lack
of geometric specificity for double IPE
sections penalizes design efficiency.

Conclusion

In conclusion, this comprehensive numerical
investigation confirms that current design
specifications, are conservative in predicting
the local capacity and buckling resistance of
double-section built-up columns under
concentrated forces. The primary technical
contribution of this research is the successful
development of verified calibration
coefficients and modified analytical relations
tailored specifically for double IPE profiles.
By accurately estimating column capacity,
the proposed equations optimize the design
of moment connections in steel frames.

Declaration of Generative Al and
Al-assisted Technologies in the
Writing Process

The authors declare that no generative Al or
Al-assisted technologies were used in the
writing, editing, or preparation of this
manuscript. The authors take full
responsibility for the content and accuracy of
the information presented herein.

Ethical Consideration
Compliance with ethical guidelines

The author declares that this study is an original
research work. All sources, data, software, and
methods used are properly cited and referenced.
No data fabrication or falsification has occurred,
and the research adheres to all academic integrity
guidelines and ethical publishing practices.

Funding

The authors received no financial support for the
research, authorship and publication of this
article.

Author’s contributions

First Author: Conceptualization, investigation,
methodology, analysis, writing original draft
preparation.

Second Author: Investigation, design and
supervision, writing, review and editing.

Conflicts of interest

The authors declare no conflict of interest.

57

Volume 20, Issue 51



L eAm R ——
AUSSHY) L
(VEe0 5le) 0) ojled Yo o0
=00 Sl

www.journalisss.ir 14, &5 Culwe s

E R
AUBSY; Ly

Jf.&}jg: Il

S b (5105 4 I CRIIPE & yowd > 3 ouiidi b (s giw 3l (090 (5 5L (L)
a8 )b 50

Vo1 e ot 9 () w505 Lo

Ol (s 3 308 oL isls Ol jos pwdige S ISES s (S SS> (S gmiils =)
ol RS s o Lisls ‘dlr..o ol oSSl ol =Y

Citation: Fakhar Hasani, N., and Hosseinzadeh, Y. (2026), "Assessment of Local Web Instability in
Double-IPE Built-Up Column Subjected to Double Compression Loading”, Journal of Steel &
Structure, 20(51), pp.55-68 (In Persian).

doi https://doi.org/10.22034/jss.2026.580209.1033

oS
S5 s sl sl 63V 5 5,8 Vsl 5 Shas sS e Jalse 51 Ll anir (5L 2 S5 R Wl Sledb|
6"”}”’;‘?9)19 Wlas RUB .:j.:dcuu;..ﬂ\ ;;;“}ﬁ s 3l o db s Ol s Juéydusjl.&lil}jl i 4l

W:6‘1{}"2_-‘9,4h!‘}.éAA"ale;ﬂdeﬁéjld_jé)wLSJ‘K)L.Y;‘MIPE6“CN}‘DM&}L&&&Q}M
ijdpéauad})j%@uwb\ﬂgﬁﬁL;Laéﬁjala‘_;)uéﬁwébdb-c«é}
.5)\;5)?;)5}4;»51.&)1{;1MIPEQ&;CBLEAJEJ’JU}A);LQ)M Sl 5 lazsl

Sheslaad b ol s 33l moge (HIMLL B pw) (8l Ssdee il Je ) 3 i g Sy
ol o SUT S5l 553 (S gy SaG 55 ol ey IPE o sla0s s A ol )l (AT (glanesls
g0 JKET/e 0N Jslas sl i Jlas! b Riks Sl o 51 ot gad 53 (250S 5l oy (6l i
Ol ) SKaese G5 lp 3 C3DBR Sl 5l ()AL Sl 5 05t sl Al eslizad LS
WL S sbds i il ladde Gl a5 elid Sileagd > S Glatay
@ by 5Lid S aze (S0 1 Cos IPE G O 5 4305 10 i, caslsl 55 .5 Je Embedded Region

S
=W b 5 e AISC 360-22 Wbl a3l eslizad L o st Sowsw G5 5 Olx b b ilaadly
Gl LS e b b das o 0L 3 sdome (Tl o 1 fol s A sl 3 sdome (1l o
S b b remen ol wsbiml (gl palie TAAL B YY o (SKoesn Gy Db bl 53 Ol
ol 3550 il sl D3 o alae INEY BTN 636 53 a8 ,b s 5L o S s oG

.M«;\)\IPEC,.&zél.h[)};»):g;:.w}ﬁ.L;Lhd)}}blkwﬁwélﬂ&jféhé%j

ik pblie ase Caslie mte 3 Sl Balss S ol OF Kb tash ool @l g S e
Q\)damf‘}g;é}ﬁb\}?@sﬂ)}:Lﬁ‘é:%@b)}gﬁ1f’5j‘uu&ﬂlh.x5w‘}aﬁd‘)gd.]a'.él;w
el l3 S VL b (6 i (Gl Tl wdigs 2,205 05 (e AV Cas

Vet oo OLT A 1l s
Ve ol (53 YA 1 K50 Gl
VErt sl 3T i b pdy fu sl
Ve ele 2y 510 LS G )b

:_5.1.:15 Jlfjlj
IPE S O g
Bk
2 GolLLL

‘;<»~;~ 3T

hosseinzadeh@tabrizu.acir :J yows sdes 55 Joos ool

sl gl simn sl 0 HIIST5 01l 63V 52 (glso sl el Sl Lasl 0 OF SLED) G s 5 ol b gies (0o 35 (51 Wlis opl 25 B i
Coleos w (il St ledbl ¢l a3l . Creative Commons Attribution 4.0 (CC-BY-NC 4.0) Mol 5sme Jayl 3 5 o0l 63 &b BY NC

https://www.creativecommons.org/licenses /by-nc/4.0/legalcode .4yl 3 as>| 0 ab 5 0

OA

032 g 0l &)laul (o 9)90



https://www.creativecommons.org/licenses/by-nc/4.0/legalcode
http://www.journalisss.ir/
https://doi.org/10.22034/jss.2026.580209.1033
https://orcid.org/0009-0000-0940-9572
https://orcid.org/0000-0003-4764-5458

48,bg0 5)Lind (§)ldS)b il s IPE 2y cuar jloduls did b ygiaw Ul (20650 5)lubl L)l

or Sl SalS lagsluans T Sose 5 0o
isls plsil | 6V VLl s JISGH glag s Ol LS,
e (S lads o8 ols 0SS o) 1l
OLEs a0l s pdn O b 2 3508 Cogr 3 05t slie
C b Sl saba Wlg e (Sasy gladys L3l
VT s (R l Sler B S oo bl pln 03 052w

olie 3 Ol (adse (SSs 7 bty S 5 T IS
4S5l 0l b tlesl sl isls 13 s 3550 15 (5358
555 3 Ml oo 58 e DL dlesl Joes js ediSon O3l5,1 3
DRI sde Cuaslie 5 03500 (S sl e Sl >
IV] das

chie b O 4 5 s S Wl ol 38 o 5 o
55 S 5l DL sty o) ol i s s ) Sl
led g Sl g se Sl S sl Sl (S s B
Sl sl st ol s 2V Glads 5l estizel (Il U
Jome 53 0350 Ot w5 VLl plagl 5 (S8 L e
TN 595 00 Ogimn 0 5 b 5 (Koo G I

Gas sbls S SVl ks, OLSes 5 sl
Lol g dlis by inls 13 andllas 5 flesl o501y (Soe s
Lodaly 5o ploledy ot Sl @l L slebo]
L8] s ges 1)) Koo s s G5 b Sl

5> Soms Gos 6 oy poadlas LN 5
MeVsh iS55 b Ot 4 @Y 5 s S Ll
Coglie il bl Co se Jf.:.ﬂj,:i LG, sl eslatal as sl s
DT ssd 0 o o0 Cwslie 5 Jlas!

S, e gladde Sl eslinal b OLGa 5 M0 5
se3ged pmop oy e GO 3 (Ko s
53 (St WG,5 4 by e Ll o L1 5 Sliis
Culgss 5 Lsls 15 alia 3550 [V AISC 360-22 &by
(Sg Gos ) s b sl el ol
5 Olse o sls ol s )] Lped Wl el

! Sherbourne

12 Murthy

'3 Elgaaly

14 Salker

15 Chou

16 Uang

17 Steel Encased Reinforced Concrete
18 Tran

(A}

dodis —\
Joos sl sl glagtann dhexsl (V55 e OB
lin 3 Sas 40 het OB golul .ol b gl
g 53 3l (Sae S e gl il Cov Jlail aniax
LS GG 55 D5t Ol 5 Jl 3 age (SILL sl
L AISC 360-22 &bl olul 5 gs o 121 5 > b
Gl gl ¢ 8 Sl UlS e Saesn slados 054
o5 SIS (b e et SObr adge pdos
SS s S ez 5l sl s 53 20l (g5l EleS 5 POl
ol o oals OLEs (V) Jﬁ.iﬁ sl s SV [V ] 5 el

iy
Sl b ol o id

T T

[Y] 55 o0 slasl i1 i Ot a5 (s V- —) JSC
sl s Ol olis jmles gu= = J s (ol
eSSl (550 femloe sl gl ¥ S5 S e

s ged A1 lats (650 sl 5 L B Sal

oo SWle o 5" s 5 el 50 aalsl s
S glde B Lsls plol W ,bgs HLis Co (oY sae pder
AS Lo Ot a5 Sls S eVl s o s Ol
Glr 2S5 Seisad g adddl)) daly LOT g
sl 5 Sl ess & dlasl b1 O s Ol (g lid 2ls
LT ds sad Cﬁkpl Gl S adaile Lol L3

! Continuity Plates

2Web Local Yielding

? Local Flange Bending

4 Web Local Crippling

> Web Compression Buckling
¢ Timoshenko

" Gere

8 Chen

° Oppenheim

10 Newlin

3 g oloxiy oylash (i 8)90




oo|jL'H.|.uD ul.u.lg.l q_.,.i.a.uD'Jw l.o.u

Wil b g Ol (golis (LS gd> Sl gl sdiasl
DT s o el wblis 51 & 2 (51 AISC 360-22

R I R e I e
S ete b Sl o | Slamr sblis 3 (S G55
Sgdowe gl Gladde Jdes b DA 5 Y] Lss0d gy
ol yuleS gl S (gl ediddlyl Ll ps &S s OLES
S Sy s, b s 4 by L i ces Ol
cblie sl AISC 360-22 &abepl Ly & LS jLis
D] s cslin Glaeer

J S gl AISC 360-22 &abyml Jaw 5 o diasl)l Lalys
EB ol (Saas galss A s asse ol
cole 2550 55 5 Sl @l ane 5 S 2blis (555 ol
Sliis (i wblie dlexl csline g Sy b K
W opl o3 ek pll ey il sl alil (63 g
D Ao e 555 ,2

Loy sadalyl blgs cds Lbssl (g ol 51 G
33 5l eddatle gladge 5 AISC 360-22 &byl
S0 g g ool [V] ol 8 b g3 JL25 31 S IPE & e
LI R R V-t W WN LY S phaie 55 Jlasl
(25 ol o3 Kgh e edsl APE i gl g ¢ s
Jls g Sas by (ol ois s Gotes
Sy B3 O S 4y 53 ka5 el |2l Ot
Joe 55 (S o5 (a3l gl a7 b s g e o0ls B
53 03l Lk il 53 Ot alpe 5 Shas S e L Jles
b (Koo s @G5 30 Geios cnl 53 22,1 13 eled 5 sldla
L oledde Ot J s 55 ool Blas 4 a5

Dy s Sl 35 (Slil sade Il G ) s
Lol @35 5 sbul 55 ate 5 i cow IPE Gl slad s
S, e S bl ARELT glaesls I ealizd
SIS 1 o (Koo gy G5 0k 5 LIPE i (slal s
23 edd iy ya o e g 3 LS S0 i S
5 ol Gasi onl 03 DT AS o AISC360-22 Ly
g aalsl 53 g e edual @8 bss SLEE Hlantl 4 (oIS L
by edsal) Lilss L ogsde glade < b 5 ol =

Sa g G5 dlail 3 (5358 Jhar gl 4358 g
e

s SAS s s Sl Oes 5 Sl
5 S Sl L eiSsn ls el Slad s s Ol
bad s sy cnl 53 sl el Ladl o el plis|
N O R N I SV IP TSN S P S STE S Bt R G
Lilss Gb eddailne b b s a3l b oo
Soie JAYY G UAY o 503 TN o She [ sbas sl
Y] e

Sy bl gle rlieeled bl Ss s e
sls plawil o5 oV 5 et o s Sau s badss
iy Il s ad S a5l eslizd &S sls OLES La oy
el s Shas 2 g g5 5 005 0l 05 & (Ko sy
D] G 138,50

s BBy B, e Gl o3l 5 e

Aosls (al;gl I Slads 059 63V 58 ezt sl 53 sl

Lpd o foate Oy 4 Solie Gas b olays S K
ST T I R PVC I CPIPR VR CUPHI SPR JOV
g;i"‘”“}*:i. Sy Glp s kilss oS o Ol Cliass
o Sl ety s e Olaebl S OV s bl
[\i]&)w}%)\)%ﬁwﬁé})@jw

s GG oS e o~ A6 Ve s o
jﬂjdb‘r{qﬁi;ﬁ)‘l C}J}Jii\)é\‘\_f;\: oLlis GL:S..U;\:
Dol

zo 86 sssm s Sl 55 sy, 5T S SIS
w\ﬁ..xj:l;(ab,u'l 2 s SBelS oS b b sy S s
Co 5 gl sli) gladde 5 Jas&iibj S s (Dl
piS 5 ab by Gl b b Ll S8 L Cy 4 i
Sl O sme cd b il VY sV S ) 36 b
oS Coew b b ddldail=ne gk i L sdScotn
Usa.,\.\.Sw LSJL‘J \:,.:ﬁj]é )lv\i& g})'}ﬁ J:Sl DL 45}‘) QLJ;.:

! Norwood

2 Prinz

3 Kowalkowski
4Rodilla

Fo

032 9 0loxiy 0)laull ipiiu 0)90



48,bg0 5)Lind (§)ldS)b il s IPE 2y cuar jloduls did b ygiaw Ul (20650 5)lubl L)l

83k gilwdoe @L:j B ui\ibﬂ Slaesls 31 g glia]
W0 s oot S [V 511 0 ealizadd S SIS 5 50ss 5
S Olged O g Jab ol sl eals Olis (V) Jiu 33
G e a8 S B s me VYl il
Yo ol culies 5 g b 250 b a0 slads

Al e e e

(o) )

G130 gt (A a0 g 3 gidme Sl Jdhe by Sy =Y S

S g B3 O3y Oy (@ o (Siungm G

Lilsy 5 Sasanl Sopon O Gl 5 e b
S s sl Sosen Hllas (S-S
5 Mgy by edSal)] e iSRS e LS
Lails, ol eslinal b o gdme gl sladis sl (Sed SIS
OLES i 55 5= 25 gomie 4 OLISCen 57 505 golgiin
SV plae [T 5 VT A g (F) S 55 sddesls
OF g i s YEo ol i L ASTM A992 5,
5 IS V) o annVl Jsde oo ol JSLL
Flas ol odd w8 B s o wllas sals ool
A B re SV O poas (5,108 L Slis

! Isotropic
2 Bruno

£\

slasleny 5 mls Ll 3 5 235 13 slis 3550 oyl

RGP AP ES Cj..}} &yf

o5 (5 Sl -
SoLas S ate slag b (oY Ot 0 5 1,8 VLSl s
2 b Bl s e Jae O 5 LD e 5 LB
Ol 5 Jb bl el slites, AISC 360-22 &byl
bl sl Jomms 5 gl slacdls s s Loy
I SCH [PPSR S R VRN A IRCH TR AP Ut
Slr bl S et (La3 Glag o 2l 03 Ot b b s b
Jas (V) daly sheslanad b Ol (golis kS gl Sl
g R e O W L BT R o2 B VS PR
3l ramen Sl Ot sl Sl oL Al s ool
Ll Ol dm gyl fblie gl (1) Ay law g sdsadl)|

s ot O Ol sl 53 IPE i 5 Glanr oblie

3
_ 24t} [EE,, o)

o h

dsde B) Olr b 25 (Fyyy) Ol e (ty) oS
Ol ol oo slis Ryy) 5 O 3131 gLl () Y5 dzaVl
el L3 LS Ll s

Mloal bl s O NS Shse
GlaodiS o) Ko sy G, dns 4 5L AISC 360-22
sbeds D cwl lid S e 50 Jlie 53 (20
33 8w s Npd a Gespled 5 Dol Hsba L Sau sy
Ll Sgm GO, Lsd S sie Ol w3 JU
Solid o Supp S Alp 2 s8R O K s
ST LSl s VO Ll b b Ot e gl ips 1 b
Opw ghae 3530 a5 k5o dbss o Aol o 0>
ol Blole Sausn Gos i waie 5l ol Sjle 55
P Yo dsles Sl Koo g s 2 O sl 45 Ol 3
R e

Geow gy Y

s9dow (gl Jde —\-Y

3pdme il Slgdle s sl s spdeee sl slade
Mlos G L3l sl [18] ek slowl ABAQUS 2020

32 g 0l &)laul (ol 9)g0




doljurus Lwgy (siws j1x8 Loy

)Quj\mgowbb@wdéf&b):w..u
L) O FS005 LS Al s s Oldl 5l 0 05 L

Lsd e Sl

Jae 53 bt ol Sas )z & s o s =) Jgor

©ges gl &N) sl osb %) &osl&
HAM 1 128.2 -
HAM 0.5 703.3 548.6
HAM 0.3 769.4 9.4
FINAL MESH 747.8 2.9

55 M s 5 (S s e SR
S glad pes ol = sl S S O e g e bl
A s (Db B S Oy OLAS S

g s 5 gdoes (ghiarl Jde (g i =8 S5

sg9dow sl l Jde o —Y-Y

oS L (SLyls (Slal s & gad LB 039 Sl Jl b
O [T) 5 W] e e 58 e DL Sl Lo el e 05k
laesls b avslie 53 35w gl | sladie glast Slo= s
b s bl el sy LS (V) s s o Al
33 gl sddalal 3sdoe gl Jie (V) Jsds olis
Sl pas el SOl Sl s eslizal (gl clis
Szl gladis 5l €gai 5o s 51 ol plrale—s 0
53 el ol enls Ol (0) K3 s 5o Jilesl s 35
oo s b ile3l ar bgs ol god ¢ o lraslr 5 (slals 50
Bpd G S W5l A G cdl Jsl o

! Parametric

600

500 1

400 1

Sress (MPa)
w
(=3
(=]
L

200 1

100 1

0 I | |
0 0.05 0.1 0.15 0.2

Strain (mm/mm)

@V llas 1 S= 5l pel Y JSKS

Joe 03 e S salns Sl 4 Sasn gbGs

Ogiw chaie 3505 5 0dd (Gloand S5 0 54
B35S 5 g s Sy Gy m Jlal Gl L e
DV] 558 b e3¥ 55,5 b A eslizul Embedded Region

A eslial tie &y S 5l (g lISLL dmin 5 Ot Ll gl
g5 0 i (o2Se GOl b (S L Slmis 5 052w
S4 g5 3 Shell glaoldl L s sladys s C3DBR
L Static Riks  Jdoo 51 WO g U1 Gl s (g5lwans
LS LT (gl eslimal (s a8 kb, 05 pes bl
Goledde )3 5 s el wotle gl B 8 B
sl 350 5l Gho s ot (pudin ol A8 Jlesl a0 s
S 8 e Jlesl Jle 4 (kS s Sl ol kS
DVI s nd b g Gl g Toe/v o) wkin (08 (ol

SMEL lomio 1,8 VLl Ll 5 (gsleand )y
GOHELL s O gt b 4 3508 g 53 S = 4 530 Lais
S s S dlesl b s oy 25— plralr &) 50w 50
2 Jasl 62V O g & SIS Sloio JB 4 o
bl dlie 5 Conler los bl 5t cibie 33100
LIV] el s & owlesl slaesls 5 e &S

Lo gl 68 Ad el oo a3 he gl Sen il
‘J_\;Mp.ﬂzu}fﬁ.w\guaslsom(\)dwﬁ@m
S 3l sl il sjls Y1 e 5l 508 |3 A e b ks
Ales 5l 503 p0les e ged 53 o) Sen o g > o
Joee Snsi ys e jie slias oS sls OLES sy 3505 (58
O Sl oS s ol e J Ay oo 5 0L Jlas
U g dsb s .ol ol esls 0L (£) K3 55 b s
Ol 83161 b Jlast Joms oo 53 51 (6 2 5l 10 sl

e a Bl g O 31 5553 labold 53 5 e Sle G (e

Y

032 9 0loxiy 0)laull ipiiu 0)90



48,bg0 5)Lind (§)ldS)b il s IPE 2y cuar jloduls did b ygiaw Ul (20650 5)lubl L)l

Load (kN)

Load (kN)

Lthab]: FREEEC 6‘J.>| 6Lhd.,u L;iL"“"l"_JJ:" )‘Q}Q -0 JSJA

v

400

350

300

250

200

150

100

50

400

350

300

250

200

150

100

50

W12x26-SC-NA

[T Gilesl slassls b soae Llows s Aglie =Y g

g ol &Ny 2l b b Sl

f Exp.data FEM %)
W12x26 SC-E0 659.4 706.4 7.12
W12x26-SC-NA 346.5 349.4 0.83
W12x26-DC-E0 981.6 947.4 3.61
W12x26-DC-NA 382.8 382.9 0.02

—— EXP
——FEM
0.5 1 1.5
Displacement (cm)
W12x26-DC-NA
—— EXP
—— FEM

U, Magnitude
+1.420e-02
1132302
+1.226e-02
+11129e-02

4103202
a8a-03

0.5 1 1.5
Displacement (cm)

] Slesl

L):»..Ll.ﬁ)‘ R.rju Jg.‘lj::xﬁ 9 LS"‘J? )S})L« o‘joJM; LJ:‘A}J—'-"
J.'v'\ BL cdl? 93 A 2 u‘}.‘l.w Lf’b} el el Mﬁuﬁ
sl b HLis o Ot Ol e SASs 2
Db dlesl oo 53 255 55 03 (V) Ko w4 5 L il 0l
6LAJ§“;J$C';J cj.‘;‘)_}) f‘j")>}°‘)"“:‘ )l’q“ QJ:MA-!J'SJA-:A
'L'kig;‘ u:..alS G))‘j )l; )‘ L;“;b

S ol andlae ¥

LIPE Cir 0w 53 Siwgm sy 5 0 e b
e ‘5)\.1§¢U el odd ol S el andllan 5l eslinad
Al o Llodd atl OF 51 4 IPE whaide Slasite ol
Gos Cwbsd (Stugmis sbls GbOsw 5> roes
cMuMﬂ;;Lngtuf)lech&ﬁ
ﬁwﬁdﬂjo}w&b>@l&uwduw.cﬂ\
0 Sl dallas (gl sddgiludie (laai el Laua
ol sl esls OLES (Y') d).l;—

EAES I RTUNEINCES JUPTe

b 05 (5,15l

D-IPE180 C-IPE180-t10 C-IPE180-t15
D-IPE240 C-IPE240-t10 C-IPE240-t15
D-IPE270 C-IPE270-t10 C-IPE270-t15
D-IPE300 C-IPE300-t10 C-IPE300-t20
D-IPE360 C-IPE360-t10 C-IPE360-t20

Web Local Crippling -

Horizontal and Vertical
Strain Lines

(©)

()

TN 05t ol S a5k (A LEs 3l ot WI2X26 L sel Ol b 30 SAS s =V K2

33doe (sl Lo 1 ol gl s (0

32 g 0l &)laul (ol 9)g0




oo|j0._a..|.u9~ LQu.lg.l q_.,.i.wDJliﬂ ln.u

) b 6 o3 U3 1 o s b Al 4 Jpir

[VJAISC 360-22 &b pol Jaw 55 sl

4 gad rU Prem (KN) 2xRnaisc (KN) S
D-IPE180 538.42 406.57 1.32
D-IPE240 747.84 500.14 1.49
D-IPE270 882.20 523.42 1.68
D-IPE300 1007.00 575.43 1.75
D-IPE360 1294.41 685.05 1.89

Ceir S0 s Ol o b s gl s s e sl

les (V) adaly L (Y) ol y cosles s g eslanasl (V) akasl, 51 IPE
Cf?tﬂ L)ALJ‘ » e ;)b? Sl inlﬁ Q‘jﬁ ‘Ti<r‘é B
Aoy A sy s glesr Slas oadaly ol (0) Jader

SO s Ol b sty 4 530 WSkl &) s
Il FE8s Ml e Jskea Sl sl iled s
LL IPE i gboge o O ol ks o

s el SR s SR

3.6
24t35,[EF,, o

Rn_modified = h

oy b b bys 5Lid ot W0 gt b b Ayl =0 J g

[V]AISC 360-22 &alipml 503 5,05

G g0 rU Prem (KN) Ru_modified (KN) R~
D-IPE180 538.42 552.94 0.97
D-IPE240 747.84 747.29 1.00
D-IPE270 882.20 811.99 1.08
D-IPE300 1007.00 932.64 1.08
D-IPE360 1294.41 1192.73 1.08

35 (S G O bOsie plrale— 0 s se

0L (ol e 4ol rLaS 53 el ol esls OLaS (4) s
S Jlasl e 3 O glatlr ok izl s o adalis
o S s il 5 st b Sl sl L wly b e S
O Cuoslas LS sba Ol olid LS L Culgs

Wt

s 1 cow IPE s s sn 518, ) VY

S g B9 Dk 4 b ys

Sy, ¢l b s AISC 360-22 asbiopwl elul
@b JLad J e Ol (olid (LS (gl LI S et
elod 53 [V] ssipe S K s (s SLb Gl
2 (S Ol olis (S 5 (Sasy Bus Ok bl e
2 boge Ol lid AlS S e Lo ol
Gl st 53 ELS ol sl esls OLE (M) 5 (V) sla JSo
A edalie o sind b &) pon IPE

U, Magnitud;

D-IPE240 & 5a5 53 Ol (g,Li3 (5S> Sl -V K&

c
7
PR
S

iy
v

o
$78%5 4

FALAE A bbb g E
SOHLELELELELY
BN
Sy
a8
SRSRSH

?
o
b3

D-IPE300 & sai 53 Ol (55Lid (5lS gd> I A K3

Sl a0 s pled b b o 4 bs e S (E) s
Ol Prem) 4 b s Hlid i e | S se Gos 05k IPE
olid JileS gt Sl el b b Jgd (pl s e e
G ol oy 5 dloes (1) Bl 5l e3lizul L 2xRnaise) ol-
3pdoes Sl o 51 ol A3l b b el b b
ol g b (8) o bl 4 o 5 Lol ol 0ols OLES
o pls sl AISC 360-22 &bl Ly edidl)

DT el sslasil by S abailous

¥

032 9 0loxiy 0)laull ipiiu 0)90



48bgo §)lixd 1Sl 451 cucxi TPE & pau cadr jl o di>lw pgisw pl 2690 )bl bl

FS oy ol b a0 s 53 (Ko s oy ¢ Sl
515 e AISC 360-22 bl a5 sdiaslyl (g kil
e A O B R T
SLose 33 Sagm sbadss w2 5l i o

LA 5 saline Jass ol sadgled e

SNEG, (fraction = -1.0)
(Avg: 75%

aaEdEEa,

C-IPE270-t15 & g0l 53 (Saws sy sy BbS -1 K&

70

1400

1200

1000

800 r

600

Load (kN)

—— D-IPE180

400 ——— D-IPE240
—— D-IPE270
200 D-IPE300
——— D-IPE360
0 | . .
0 0.5 1 15 2

Displacement (cm)

Srg o3 Ok SO st plrailr— s 5 150l -4 IS

S s )3 o> 45k
plad 3 3 o s i ol 03 ((Sa s S GLs  b
RS S O O 5 (S Bus SHLS el e
5> CPE270-t15 &g [, 5 55 ool ol
gy S5 el el 213 0L (V) 5 (V) sl IS5
SLObr bl lee Olgeas con)ls S ol p oo Cwslie el
b Ot S B LI Cose 500 S Jee 5 05t
(V) dotr 3 bOgie Jdowi 5 IS0 & by e 5 ples
Sl g St GGy G b el sid &
s 1) IS bli (5], 5 AISC 360-22 il ] Ly
S yb g ol alos Ol 5o a s (5 8 B0 L
Saosm B3 b g0 s o s M 1 ol e
DTl ot kil (V) dskr 5 o S G O s
b Gl bl bl (1) ol mls @ axr i b
L Ll sl dil ) Sabiles bbg g ST (6l ui:“*'}:i T1{- 3T

032 g 0l &)laul (o 9)90




oolju._:,.up ul.u.lg.l q_.,.i.wDJlb@ ln.u

Solzd 58 same lag s i Sl Sasn Sy Jise Sud b Lk cd b dlie 1\ Jgds

s SN g By s e (k) sy i b b sbdos gk b b P lad b o
(mm) &N _Saoo s KN) Saos 500 sk e b
15 1306.90 768.48 534.92 1.44
D-IPE180 10 1047.87 509.45 387.09 1.32
NA 538.42 - - -
15 1761.08 1013.24 695.86 1.46
D-IPE240 10 1381.11 633.27 499.56 1.27
NA 747.84 - - -
15 1959.83 1077.63 778.32 1.38
D-IPE270 10 1476.71 594.51 556.83 1.07
NA 882.20 - - -
20 2633.19 1626.19 1108.48 1.47
D-IPE300 10 1564.45 557.45 615.48 0.91
NA 1007.00 - - -
20 3078.60 1784.19 1255.80 1.42
D-IPE360 10 1926.11 631.7 696.9 0.91
NA 1294.41 - - -
223 OLES (1Y) S8 53 (gads sladde Julos Sl edelses Sl oso e bl s (V) sl mls @ a5 L
el ol )lm@((V")llg__,\))C%J,,.ésrida:%gf\jbw&o
16 T T T T T ol 8L b s ps wlol Savgn slad,y cub b g b

Sedoabel g i cs b g sl s b
d d
C= 0.0003912(?)2 - 0.04308(7:—) +1.924 \»)
S S

el S G Sl 4 O s tu:)twéns

sleesls a5l 5l sdalowsay 55 a5 Wslae SO (7) il

08 C= (00008912) (/) (0.04308) (4/t) b e () Sy RY) ot s s ol sy ol OLS

+ .
06 : : : : : s 31l eldd s 05 b b =Sl 4 o6 dlads 2
10 15 20 25 30 35 40 = B bl Ot 8B el >
d/t, W s ol @/t) (Siws Bi5 les 4 O g plis )
s gome Sl Lo 1 ool ol L (1) Ml dglis VY IS AU oo e Sougm gbdos b« b Ol

_ N ) ) ] )lS))L—«:‘ﬂ)t))\))\ﬁu)&.ﬂt\.ﬁ)‘j;&wﬁé)jww
23 Stz Bos Gl slad s alralr—j 0 Jls gel

S, S (s 250 Slaki gl sl p (S >
o o plad 3 e o als OLE (16) 5 (1) sla IS8 s

Ol @la)s omkin piie 53 cpl bl ool Sovgn
5 ol Jele & das e 13 Ga |y Sogs Gos Y
©olis u,.uL«S J-g‘]-j BE L;<5-~4):-: slag,s Cuslie o ”"SJ::"‘:’

5 o3y ).':'JZ:.; L5<:"w)"-’~ d)) NERE - “ CMM.; L5<:'“}"i

s SSL 0T 55 Canslis 2als
< 7 o Glesls 5 () by 51 esliiel U sddomn polis oo

144

032 9 0loxiy 0)laull ipiiu 0)90



d48;bg0 (6)kis8 §)ldS)b y51 cux IPE 2 p04) o jl ol ditrbuw (ygiaw Yl (21690 6L bj)l

2000

Sos GLIPE (i sbao s ol & oS- > Sl =Y

el O gt Ol 5 (Sigm By eSS g

fwlne (51 AISC 360-22 &l p] Lo g5 siadl ) i, —F 1500 |

Ol gulid kS gd= Sl s o Ol s b

glie 5 Cd bl IPE i glabse sl p =
=
. . R =1
LS o &) galambl e E 000
sl (g, JIie ZIAQ B /NYY o el siee Ol b b —8 .
o ——— D-IPE180-t10
FC R 5ol s axdlae 3 Lo s dl;' Lis ——— D-IPE270-t10
Sl B3y () J}jé Sa ) D-IPE300-t10
doule (gl 5 AISC 360-22 Z.AUO,:‘J”‘ L g saidlyl Lol p5 —0 ——— D-IPE360-t10
L IPE i a0 st 5 Siwsm GG, 3 o b 0 : : . s
= SO Sl 2 0 0.5 1 15 2 2.5
AS o Ll gslaBl o slie Ly s ST gl 5 cad Displacement (cm)
!, AISC 360-22 LU&J Lo g sddalyl gk laas 1 L Jﬁwf Gus hls Gl siw plralr—j 0 4l g Y K5
c b Y BT e S by o b e s Vol
w\)swbsijPEwdugPLS:.ﬁﬁéuéﬂ 3500
. 3000 |
SO s Obr b b nd sl (Pl o 5 aal, -V
s Ol olid kS syl s IPE Cie 2500 |
- Z i
[+
.b)\.) Q)}J@ JIPE wéuu):w BEl W}A 6)‘.14“1..![4 .3 1500

—— D-IPE180-t15
— D-IPE240-t15
— D-IPE270-t15

1000

500 D-IPE300-t20
——— D-IPE360-t20
0 . | . . .
0 0.5 1 1.5 2 2.5 3

Displacement (cm)
L Sige G @y sl sie ol 5 Jlasei —VE K2

ke Yo 510 Cubs

S e 4

Gos D) e $lp e Gl adde (ass onl o
Syt sl Cow IPE i el 53 Sovsy
5 g (gl 153l 5 31 oslind b sl 53 b 1 (6 L5
D3 b SLis ol ey 30 SOs GesSUT
Wl 25t GRSl gl i S

Gt S (Saw s G 05k IPE Cdr (sla0s o 3 )

il g 2 oS Sl Ol (L S

£V

S 9 dloxiy oylash (i 8)90



doljurms Lwgy i siwsyxd Lo

[16] Rodilla, J.A, and Kowalkowski, K. (2021),
"Determination of capacities of eccentric stiffeners
part 1: experimental studies", Engineering
Journal, 58(2), pp.79-98.

[17] Rodilla, J.A, and Kowalkowski, K. (2021),
"Determination of capacities of eccentric stiffeners
part 2: analytical studies”, Engineering Journal
American Institute OF Steel Construction, 58(2),
pp.99-122.

[18] Fakhar hasani, N. and Hosseinzadeh, Y. (2025),
"Determination of the continuity plate capacity in
box section columns,” Journal of Structural and
Construction Engineering, 12(9), pp.66-81.

[19] ABAQUS. Abaqus/CAE User’s Manual. V2021:
Dassault Systems, Incorporaterd. Dassault Systems.
http://www.simulia.com.

[20] Bruneau, M. Uang, CM. and Whittaker, A.S.
(1998), "Ductile design of steel structures”, 389,
New York: McGraw-Hill.

[21] Rodilla, J. A., and Kowalkowski, K. (2019), "Analysis
and design of eccentric stiffeners part of moment
connections to column flanges", Final Report for
AISC, Chicago, IL.

8-|ja—0

[1] Specification for Structural Steel Buildings,
ANSI/AISC 360-22, (2022), AISC, American Institute
of Steel Construction, Incorporated. Chicago, IL.

[2] Fakhar hasani, N, and Hosseinzadeh, Y. (2025),
"Determination of the bearing capacity of the flange
and web of box sections under concentrated loads,"
Journal of Structural and Construction Engineering,
12(9), pp.82-104.

[3] Timoshenko, S.P., and Gere, ].M. (2012), "Theory of
elastic stability”, Courier Corporation.

[4] Chen, W.F, and Oppenheim, L]. (1974), "Web
buckling strength of beam-to-column
connections”, Journal of the Structural
Division, 100(1), pp.279-285.

[5] Newlin, D., and Chen, W.F. (1971), "Strength and
Stability of Column Web in Welded Beam-to-Column
connections fritz engineering laboratory,” Report
333.14, Lehigh University, Bethlehem, Pa.

[6] Sherbourne, AN, and Murthy, D.N.S. (1978),
"Computer simulation of column webs in structural
steel connections”, Computers and Structures,
8(3-4), pp.479-490.

[7] Elgaaly, M., and Salkar, R. (1991), "Web crippling
under edge loading"”, InProceedings of AISC
National Steel Construction Conference Chicago, IL.
American Institute of Steel Construction,
Incorporated.

[8] Chen, SJ., and Chen, G.K. (1993), "Fracture of steel
beam to box column connections”, Journal of the
Chinese Institute of Engineers, 16(3), pp.381-394.

[9] Hajjar, ].F., Dexter, R.]., Ojard, S.D., Ye, Y., and Cotton,
S.C. (2003), "Continuity plate detailing for steel
moment-resisting connections", Engineering
Journal, 40(4), pp.189-211.

[10] Chou, C.C, and Uang, CM. (2007), "Effects of
continuity plate and transverse reinforcement on
cyclic behavior of SRC moment
connections”, Journal of Structural
Engineering, 133(1), pp.96-104.

[11] Tran, A.T., Hassett, P.M,, and Uang, C.M. (2013), "A
flexibility-based formulation for the design of
continuity plates in steel special moment
frames", Engineering Journal, 50(3), pp.181-200.

[12] Salkar, R, Salkar, A. and Davids, W. (2015),
"Crippling of webs with partial depth stiffeners
under patch loading", Engineering Journal, 52(4),
pp.221-232.

[13] Mashayekh, A., and Uang, CM. (2018),
"Experimental evaluation of a procedure for SMF
continuity plate and weld design", Engineering
Journal, 55(2), pp.109-122.

[14] Jazany, R.A., and Ghobadi, M.S. (2017), "Design
methodology for inclined continuity plate of panel
zone", Thin-Walled Structures, 113, pp.69-82.

[15] Norwood, J. (2018), "Effect of Continuity Plate
Eccentricity on the Performance of Welded Beam-
to-Column Connections”, University of Arkansas.

FA

032 9 0loxiy 0)laull ipiiu 0)90


http://www.simulia.com/


    R  n =   24   t  w 3  E   F  y w h


   t w


   F yw


  E


  h


   R n


    R  n _ m o d i f i e d =   24   t  w  3 . 6  E   F  y w h


  C = 0 . 0003912   (   d    t  s ) 2 − 0 . 04308 (   d    t  s ) + 1 . 924


   d   t s

