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Abstract:- Steel frame constructions using traditional weld
connections frequently experience brittle breakdowns. To
mitigate this issue,steps were taken to incorporate plastic
hinges and improve the ductility of the steel connections.The
beam-to-column connection has been identified as a key
element for steel frame structures to maintain the structural
integrity during progressive collapse phenomenon. In this
study box column and steel beam subjected to progressive
loading are considered with corrugated web RBS connection,
called the curved cell web RBS (CW-RBS) which increases the
moment capacity and the time of progressive collapse. In the
case of RBS a portion of beam is being cut from the web and
flanges so that plastic hinge gets relocated to the portion which
is weak and this prevents welding failure at the end of beam
and failure in column but this reduces the stiffness of beam. In
this case CW-RBS is implemented on the beam that is web of
the beam is cut in an area near the column and the cut-out
section is replaced by a cell made with two curved corrugated
plates,this increases the stiffness which inturn increases the
moment capacity and time of progressive collapse. Thus
failures on box column completely gets relocated to CW-RBS
and makes the box column and joint safe thereby we can
prevent this portion from weakening. These are done according
to FEMA 350. Modelling and analysis is carried out using
ANSYS software .In this study we obtain ultimate load
capacity, moment capacity, drift angle.
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1.INTRODUCTION

Steel frame structures with ordinary weld connections often
suffers from brittle fracture situation in which a local failure
causes a major collapse, with the magnitude being
disproportionate to the initial event. For steel frame
structures, the beam-to-column connection has been
identified as a crucial component for maintaining structural
integrity during the progressive collapse phenomenon.

Progressive collapse refers to a situation in which a local
failure causes a major collapse, with the magnitude being
disproportionate to the initial event. New strategies were
necessary to improve the ductility of the steel connections,
such as weakening the beam section at an appropriate
distance from the column face. In steel moment frames,
reduced beam section (RBS) connections have been widely
used, with parts of the beam flanges near the beam to column
connections being removed [Fig 1].The yielding zone can be
transferred from the column face to the beam span using
RBS connectors, and thereby it prevents initial damage from
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occurring directly at the weld joints of the beams and
columns.

In addition to the RBS beam approach, another strategy is
to introduce openings in beam webs to form a plastic hinge
away from the connections to make beams more ductile .
Web-openings in beams can be used to improve the spatial
efficiency of buildings and provide access to pipelines.
Engineers create web openings for pipelines in steel frame
structures, air-conditioning, heating, and water supply
systems that require special pipelines. Connections with
flange- or web-reduction may change the mechanical
characteristics and increase structure deflection when large
deformation occurs. It is extremely important to consider the
bearing capacity, deflection, and cracking of beams with
flange- and web-reductions, which can be indirectly
evaluated by the ability to resist progressive collapse.

In this study box column and steel beam are considered with
corrugated web RBS connection, called the curved cell web
RBS (CW-RBS) which increases the moment capacity and
the time of progressive collapse. Modelling and analysis is
carried out using ANSY'S software.

Figure 2. Application of Reduced Beam Section (RBS) Connection

Fig 1 RBS
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Fig 2 CWRBS

II.PROPOSED CONNECTION

Corrugated web RBS connection have been proposed in this
study.To make this type of RBS connection, the flat web of
the beam in the area near the column face must be cut out
and replaced by corrugated plates. Since the accordion
behaviour of the corrugated web will cause it to have a low
stiffness in the longitudinal direction of the beam, this web
will play a very small role in the moment capacity of the
member. Therefore, replacing the flat web with a corrugated
web within a limited distance from the column will reduce
the moment capacity of the beam in this area, thus creating
an RBS connection. According to studies on beams with
corrugated web, there is no interaction between flexural and
shear behaviour in these beams, which means the moment
capacity can be calculated without considering the
corrugated web and only based on the yield capacity of
flanges.As mentioned, the most important advantages of
corrugated web RBS connection include the increased out-
of-plane stiffness and lateral-torsional stability of the beam
in the RBS zone and the reduced width-to-thickness ratio of
the beam flange, which delays its local buckling. The web of
the beam is cut in an area near the column (Fig. 2-a) and the
cut-out section is replaced by a cell made with two
corrugated plates. In the proposed connection, which is
called the curved cell web RBS (CW-RBS) connection, the
cell is made with two curved plates as shown in Fig. (2-b).
As can be seen, the plates needed to make these cells can be
easily prepared by cutting these corrugated plates[5].

I1.VALIDATION
A.Description of experimental model
The experimental results obtained from the experiment
conducted on various specimens by researches were
numerically validated.The dimensions of | beam and I
column were | -200 x 100 x 5.5 x 8 (mm) and 1-250 x 250
x 9 x 14 (mm).Material properties were taken from the
experimental data. Numerical analysis results were
compared with experimental results.

B.Finite element analysis

Finite element model (FEM) was established using
ANSYS.The numerical analysis results were validated using
the experimental results, in terms of the vertical force
displacement relationship and the failure modes of the

different connections. All components including beams,
columns, continuity plates, and corrugated webs were
modelled by the use ANSYS. Modulus of elasticity
2x10"5MPa and Poisson’s ratio is 0.3.In FE model the
boundary condition and loading criterion are modelled
according to those in the experiment.Mesh size of 25mm is
selected for analysis.Load -displacement curves are
calculated with the FE model and compared with
experimental results.The ultimate load and deflection
obtained from the experiment is 217kN and 236.7mm and
from FEA is 225.3kN and 246.06mm.

Fig 3. I beam and | column with RBS
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Fig 4. Load deflection curve
Table 1 Comparison of results
LOAD(KN) DEFLECTION(mm)
JOURNAL EXP 217 236.7
FEA 2253 246.06

PERCENTAGE

VARIATION 3.82 3.95

PARAMETRIC STUDY

The study was conducted considering various parameters.In
that the first one to model and compare the performance of
CWRBS(fig.4) with no RBS(fig.1) ,flange cut RBS
(fig3)and web cut RBS(fig.2).For this | section beam and
box column were chosen.Another study was to vary the
thickness with 2.5mm ,5mm and 10mm of CWRBS and
fixing a particular thickness which gives the highest
performance.

IJERTV 121 S050147

www.ijert.org

250

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)


www.ijert.org
www.ijert.org
www.ijert.org

Published by :
http://lwww.ijert.org

International Journal of Engineering Research & Technology (IJERT)

I SSN: 2278-0181
Vol. 12 | ssue 05, May-2023

For conducting the finite element analysis size of beam and
column was chosen.The size of the | beam chosen was |
Beam  -400x225x10x20(mm) and box  column
350x350(mm) with 25mm thickness. And for designing
RBS, it is designed as per FEMA 350 CI.3.5.5.1.

All parts of the models, including beam, column, continuity
plates, and corrugated plates have a nominal yield stress of
250 MPa, tensile yield strength of 410MPa, and Poisson’s
ratio of 0.3 and modulus of elasticity of 2x10° MPa.
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Fig 1. No RBS
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Fig 2. Web cut RBS
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_ Fig 6 Total deformation of web cut RBS
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Fig 3. Flange cut RBS Fig 7 Total deformation of flange cut RBS
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Fig 8 total deformation of CWRBS

Above figures shows the total deformation of no RBS ,web
cut RBS,flange cut RBS and CWRBS.
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Fig 9 Load deflection curve

Fig 9 is the load and deflection of CWRBS and were
compared with no RBS,web cut RBS,flange cut RBS and
from the graph it is clear that CWRBS has the highest load
carrying capacity compared to other models.

Table 2.Equations from FEMA 350

a 0.50 -0.75bf
b 0.65-0.85db
c 0.20-0.25bf
—0
1l
7 — e
i_a b

Fig10. Geometric dimensions of the RBS zone

After comparing the performance next is to vary the
thickness of the CWRBS and then the thickness is taken as
5mm .FEMA 350 gives the equations for the design of
RBS.Here 8 models are modelled by varying the values of
a,b and c (fig 10) with their minimum and maximum values
by using the equation from FEMA 350 (table.2).

In these equations, bf and db are the width of flange and the
depth of the beam, respectively.

After varying all the values CWRBS A168.75-B260-C45-
T5 is taken as the effective model among the other 8 models.
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Fig 12.Plastic strain

Fig1lland 12 shows the total deformation and plastic strain
of CWRBS A168.75-B260-C45-T5
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Fig 13.Load deflection curve

Fig 13 shows the load deflection curves of CWRBS of 8
models. Among the 8 models CWRBS A168.75-B260-C45-
T5 shows the highest performance.The ultimate load
carrying capacity of CWRBS A168.75-B260-C45-T5 was

The corrugated web in the RBS zone ensured that
the plastic hinges emerged in the RBS zone, thus
preventing failure in the beam-column junction.

REFERENCES

2003.7kN  which is very much higher than no RBS which [1] Mohammed Alrubaidi Husain et al. “Experimental and FE
study on strengthened steel beam-column joints for progressive
was 922.06kN . ”y bg P | ] J Progress
. collapse robustness under column-loss event”,Engineering
CWR_BS A16_8.75—BZ60—C45—TE_> has the _hlghest I(_)ad Structures ,2022 Volume 258,
Carrylng CapaCIty ,momemt CapaCIty and I‘Otatlona| CapaCIty [2] Arya Chandrakumar et al,’ “Beam to column connections —
analytical study using RBS”,IJCRT ,2022,Volume 10.
RESULTS AND DISCUSSIONS [3] Henrique Teixeira Godoi de Barros et al., “Stiffness
. - . - . assessment of welded I-beam to RHS column
The aim of this studyils to increases the mo.ment capacity [4] connections” Engineering Structures2022 Volume 267.
and time of progressive collapse. Thus failures on box [5] Miguel A. Serrano Lopez et al. “An experimental study of I
column completely gets relocated to CW-RBS and makes beam-RHS column demountable joints with welded studs”,
the box column and joint safe thereby it can prevent this Journal of Constructional Steel Research ,2021 Volume 182.
tion f K .J y P [6] AliMansouri Mohammad RezaShakiba et al. “Two novel
portion from wea enlng._ . . corrugated web reduced beam section connections for steel
e CWRBS has a higher load carrying capacity than moment frames”, Journal of Building Engineering ,2021
model without RBS Pmax=922.06kN for (No Volume 43. o
RBS) and Pmax =2003.7kN (CWRBS) [7] Haltap Wang , Jingsi Hu et al. , “D_ynamic_perfornla_nce of
retrofitted steel beam-column connections subjected to impact
loadings”, Journal of Constructional Steel Research,2021
. .. g
e  Moment capacity of CWRBS is higher than model Volume 20
without RBS [8] Chenyu Liu, Jing Wu , Lugi Xie, Seismic performance of
_ buckling-restrained reduced beam section connection for steel
Mmax=2466.5105kNm (no RBS) frames, Journal of Constructional Steel Research, 2021 Volume
Mmax=5359.8975kNm(CWRBS)
= : 181
e Rotational capacity(®max) is higher for CWRBS [91 Huiyun Qiao,Yu Chen et al. ,“Experimental study on beam-to-
when compared to model without RBS column connections with reduced beam section against
i llapse™ ,Journal of Constructional Steel Research
for CWRBS max=0.26865047 and  no 202 Vorume 178
) 2020 Volume 175
RBS,’max=0.19574579 [10] Canwen Chen et al. , “Progressive collapse behavior of joints
e Stresson column is 392.34 kN/mm”2 and stress on in steel moment frames involving reduced beam section”,
beam is 410 KN/mm”2 which means column hasn’t Engineering Structures,2020 Volume 225
L . [11] Bao Mengetal., “Improving anti-collapse performance of steel
fa'_led but the beam has failed. frame with RBS connection”, Journal of Constructional Steel
e  Failures on the column was relocated to RBS zone Research,2020 Volume 170.
hence Column and the jOInt was Safe [12] Ali Imanpour et al. “Seismic. design Of the d01_1ble—(§ell
S the fail I | ted it accordion-web reduced beam section connection”, Engineering
L] Iince e Tal u_res op column Wc:iS. relocated 1 Structures, 2018 Volume 65
prevented welding failure thereby it increased the [13] Alireza Farzampoura, Iman Mansourib et al. “Analysis and

time of progressive collapse.

design recommendations for corrugated steel plate shear walls
with a reduced beam section”, Thin-Walled Structures,2018
Volume 50.

IJERTV 121 S050147

www.ijert.org

253

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)


www.ijert.org
www.ijert.org
www.ijert.org

Published by :
http://lwww.ijert.org

International Journal of Engineering Research & Technology (IJERT)

I SSN: 2278-0181
Vol. 12 I ssue 05, May-2023

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Honghao Li Xianghui Cai et al. “Progressive collapse of steel
moment-resisting frame subjected to loss of interior column:
Experimental tests”, Engineering Structures,2017 Volume 150.
Kai Qian , Xi Lana, Zhi Li, Yi Li, Feng Fu, “Progressive
collapse resistance of two-storey seismic configured steel sub-
frames using welded connections”, Journal of Constructional
Steel Research,2017 Volume 56.

Seyedbabak Momenzadeh et al. , “Seismic Performance of
Reduced Web Section Moment Connections”,2017 Volume
17.

Mohamad A. Morshedi et al. “Double reduced beam section
connection”, Journal of Constructional Steel Research,2017
Volume 138.

Swati Ajay Kulkarni, Gaurang Vesmawala, “Study of steel
moment connection with and without reduced beam section”,
Case Studies in Structural Engineering,2014 Volume 78.
A.Deylami, A. Moslehi Tabar “Promotion of cyclic behavior
of reduced beam section connections restraining beam web to
local buckling”, Thin-Walled Structures,2013 Volume 140.
AmirShahmohammadi et al. ,“Application of corrugated
plates as the web of steel coupling beams”, Journal of
Constructional Steel Research,2013 Volume 85.

H.R. Tavakoli, A. Rashidi Alashti, “Evaluation of progressive
collapse potential of multi-storey moment resisting steel frame
buildings under lateral loading”, Journal of Constructional Steel
Research,2013 Volume 20.

Brian 1. Song a, Halil Sezen, “Experimental and analytical
progressive collapse assessment of a steel frame building”,
Engineering Structures,2013 Volume 56.

Seyed Rasoul Mirghaderi et al. “Seismic performance of the
Accordion-Web RBS connection” , Journal of Constructional
Steel Research ,2010 Volume30.

D.T. Pachoumis et al. “Cyclic performance of steel moment-
resisting connections with reduced beam sections experimental
analysis and  finite element model  simulation”,
EngineeringStructures,2010 Volume 32.

D.T. Pachoumis et al. “Reduced beam section moment
connections subjected to cyclic loading: Experimental analysis
and FEMsimulation”,Engineering Structures,2009 Volume 31.
D. Dubina , A Stratan ,Behaviour of welded connections of
moment resisting frames beam-to-column joints, Engineering
Structures,2002 Volume 24.

IJERTV 121 S050147

www.ijert.org 254

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)


www.ijert.org
www.ijert.org
www.ijert.org

