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Abstract Review History

This paper presents a series of innovative connection configurations developed to overcome Received: Nov 12, 2024
the persistent challenges associated with installing horizontal continuity plates inside box-shaped  Revised: Jun 15. 2025
steel columns. These challenges frequently arise due to restricted access within the column, ) j
geometric limitations imposed by the closed box-section, and the inherent difficulty of meeting _~\cceépted: Nov 8, 2025

seismic design provisions under such conditions. In many practical applications, the placement Keywords

and welding of horizontal continuity plates inside box columns can be highly demanding, leading  Horizontal continuity plate
to construction inefficiencies and, in some cases, inadequate seismic performance if the detailing
cannot be executed properly. To address these issues, the present study introduces alternative . i
strategies based on detailed numerical analyses aimed at improving both constructability and ~external vertical stiffener
structural behavior. box column, steel moment

A primary objective of the proposed designs is to ensure a reliable and continuous load- frame
transfer mechanism from the beam to the column within the panel zone, while also simplifying g, ;

. by - X pture index of weld
the assembly and erection of moment-resisting frame components. The first proposed solution
involves substituting conventional horizontal continuity plates with an internal vertical stiffener.
This modification not only facilitates the establishing of a more direct and efficient load path but
also eliminates the need for complex internal welding operations inside the box column. When
combined with the widening of the beam flanges, this configuration further enhances the
rotational capacity of the connection and contributes to a more stable panel zone response.

In addition to these internal modifications, alternative connection types incorporating external
vertical stiffeners attached to the beam flanges were also examined. These stiffeners were used
together with the internal vertical stiffener replacing the horizontal continuity plates. The
intention behind this combined approach is to reinforce the beam-column interface externally
while maintaining simplified detailing inside the column. A third category of connections—those
simultaneously employing widened beam flanges, external vertical stiffeners, and the internal
vertical stiffener—was analyzed to understand the cumulative and interactive effects of these
enhancements.

The numerical analysis results confirm that all proposed connections exhibit adequate and
reliable performance when compared to conventional moment connections commonly used in
steel moment-resisting frames. Specifically, the configurations with widened beam flanges
demonstrated an 18% increase in energy absorption capacity relative to standard moment
connections, maintaining their strength effectively up to drift levels of 6% radians without
experiencing significant degradation. Connections featuring external vertical stiffeners alone
achieved a 14% increase in energy dissipation, while the hybrid configuration combining both
strategies—widened flanges and external stiffeners—yielded an impressive 28% improvement.

Beyond improved energy dissipation, the proposed designs also influence the development of
the plastic hinge. The combined use of widened flanges and external vertical stiffeners
effectively shifts the plastic hinge formation away from the column face, thereby reducing the
demand on the column panel zone and minimizing the likelihood of brittle fracture in the beam—
column welds. Evaluation of the weld rupture index further confirms that the probability of
fracture is substantially lower in the proposed connections compared to conventional moment-
resisting connections. Overall, the study demonstrates that the new connection configurations
offer both superior structural performance and enhanced constructability, making them promising
alternatives for seismic-resistant steel frame construction.

internal vertical stiffener
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Some failure modes of the welded beam-to-column connection
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Fig. 4. The steps of making the connection by using external vertical
stiffeners at the beam-to-column area and internal vertical stiffener

4S oy e als L e GeneraI/StaticQ; 3l eCmlods
Cia glaoladl ccidod o 5 H8 4 sl a b sladde s
Ladis gl als s3ldie 53 5 <l C3DBR xSl (o S
oslitul 55 slaoladl 5l 5 Lads dladyiw da s ol

CCewlo s

Plas Slasia 5 5,148 ,L V-7
3Gt ol 53 25 pe sladie S (1S L skt o
aS huge gong et Gl 4 by e O IISL S
(el 0l 4|l (AISC-341-22) LSS ol Y 53 aalipus 5o
ol o3 g gl o 5L gm0 (510850 ] 3 g g oslan]
US55 n 5l 8 3T bl & J S - el 0 4
Jalee o3V gy 5 0 VTl s gLl 25 L .0)
Ol Gmadt b o Ot gl 5o plralr & e SLLTY
bl e ke 4 el el Bl SUT s o
osla I 837 o5 ae 5 sV g3 A5 S-S ls ged SN g e
b by Sl olas baly ol 3 . Coalols
5 E= 2106Pa azaV) Jss b il 3V 58 llias Sz
= i Ol s sl 0ds a3 S L83 3 vE 0.3 O sl g ol
U 0008 (o b 5 ot 5 4 Sty b 25
S 5,8 s b (2 sk GRS GRSl ped eleds
oSt L bl 5oy e las (SolanS Sl

el 0 Jlasl o sSUT 153 o5 5> s

YA

e.lMS\:W}J»:&uJbu@ﬁ)\eJW.walwb&bﬁ Y’Jg,&

PR

Fig. 3. The steps of making the connection by using the widening of

the flanges of the beam and internal vertical stiffener

JJ&ASQ)}J@‘)@‘)QYL@"}D)H}A OIS
oy s LS e L g Fesle sl b g, s LS
«s3¥ 58 Gy 5l edd atle Gl s s 5 Jlall sl
Lt U IS geds Gy S 4 Ot G iz
OF Camws 3 | 5l a5 Jtls i oS St e Ly 51 oo
S el ol gilwad s o35 b S Do @
o Ogw Sadl 5l s 0 4 &S glucly slao,s
Jsb plad 53 JAIs ediS o s 5,8 ol sl
Sheslenl L Oy JUs a8 (6358 Jhgor abows 4 555
el s OF 531 o 35 e Jmeite Joei B3 S5
s 2 Sl s Cenl Oy Ll Sl S 48 05t
55 sladb (a8 5l 58 Ot 4 s JLadl e 53 350
ol ol eslinal 5 O gl 5y s VJB oS S
e oS 358 S S eslinad b ol BB glasdis
oS L5 g;.ﬂl)SSA._;p'Y Sy o Jeate Oy U
SoladS 5 o Jbs Cwbis 3 S 55 oa S L js Sl
(F 57 Gl 5 oS
Joos 5 giledde Y

o b e mls e s bagslldie ST Slass ol o
pLomil ADAQUS 3 slen (15l Jeons 1531 0 5 o 5 Ll
e e an Ladie adS (gade s By sl S
ssle_| Abaqus standard/ Implicit , > 51 5 sl o o

ssliul o o (gade o gl S g5 2shs



\f'¢6 JLMJ ;\" B)loa:J nY; B)’é

R Ol et (qwiigs (sole alone

0.08

0.06

0.04

0.02

=

AAAAAAAAAAAAAAAAAAAAAAAAA

-0.02

Story Drift Angle (Radians)

-0.04

-0.06

-0.08 Standard Load history

vvvvvvvvvvvvvvvvvvvvvvvvv

AISC-341-22 [14] slas o 1380 s, O JSKb
Fig. 5. Cyclic loading protocol of AISC-341-22 [14]

300

Tip beam force (KN)

-100

-200

-300

= = = Numerical-Abaqu:

= Experimental

-0.08 -0.04 o

Story drift (Rad. %)

0.04 0.08

@Kﬁguj@uj@»wyyu S 13 500 B K
Fig. 6. Hysteresis diagram obtained from numerical analysis and laboratory results

sl 5l Jeol gl anslie N Jpir
Table 1. Comparison of the results of verification

Specimen

Max drift  Max Force in tension

(Rad. %) and compression (KN)
Experimental 0.06 205
Numerical - Abaqus 0.06 228
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Table 2. Specifications of steel sections of numerical models (unit: mm)

Specimen

Box Column I-Beam

All Specimens  400x400x25  240x300x8x20

e ol 0.5
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Fig. 7. Finite element model and boundary conditions.
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Table 3. Dimensions of internal vertical stiffeners and continuity plates (unit: mm)

Specimen  Continuity Plate  Vertical Plate

Spl 350%x350%25 -

Sp2 to Sp5

640x350%25
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