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Abstract

The application of Cold-formed Steel (CFS) in construction works increased significantly. Recently this material is
commonly used as a non-structural component. However, the research on CFS as a structural component still needs more
comprehensive studies. This paper presents the parametric study of three connection types between CFS slab and column
panel. It consists of: a) Gusset plate connection only (Isolated Joint Test (1JT)-01), b) Gusset plate with an additional seat
angle (1JT-02), and 3) Gusset plate with additional top and seat angles (1JT-03). A T-shaped gusset plate was selected for
all three connections. This current study investigates the moment capacity of the connection by combining the gusset plate
with an additional top-seat angle. The dimension size of the lipped channel isC12524, and the top-seat angle isL1601607.
The gusset plate thickness is 4 mm with M10 bolts. According to the component method, the assumption of el astic behavior
is proposed in this paper (BS EN 1993-1-8 and BS EN 1993-1-3). The calculation results for each specimen confirm that
1JT-03 issuperior to 1JT-01 and 1JT-02. The failure mode of 1JT-03 is predicted to happen at the top angle cleat due to the
bending moment.

Keywords

Cold-formed steel connection, Top-seatangle, Connection momentcapacity, T-shaped plate connector, Slab, Column panel
connection.

1.Introduction

Cold-formed Steel (CFS) is currently used as the
alternative material of Hot-Rolled Steel (HRS). One of
its benefits is that the CFS has a lighter weight rather
than HRS. The CFS is produced by forming the thin
plate into some type of section at room temperature.
CFS is beneficial in daily life; it could be used as the
purlin, roof truss, roof cover, composite deck slab,
wall panel, racking, and structural framing. Due to its
advantages, the demand for CFS usage in construction
works increases significantly. So CFS production
becomes more massive [1]. On the other side, the CFS
has disadvantages; it is instability because of the thin
plate behavior. The CFS section tends to buckle when
it is subjected to a more significant load [2].

*Author for correspondence
1005

Several type connections could be utilized for the
beam-column connections of CFS. It commonly uses
the screw as the connector to connect the roof truss
component of the CFS because it is quick and
straightforward in installation. In the primary
structural connection, such as beam to column
connection, the screw connection has some installation
problems. The strength to resist the load in the
structural component is deficient. So, the proposed
bolted connection with slip-in gusset plate on beam-
column connection is conducted in this study.

There are few studies about the non-composite
connection research on CFS as the structural
component, which is a beam-column connection [3-
7].

Aminuddin et al. [3] has studied rectangular slip-in
gusset plate configurations with rectangular shapes for
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the bolted connection. It continues to make another
connection by combining the flange cleat with a
similar gusset plate fromhis previous research [4]. The
other gusset plate shapes were haunched gusset plate
[5] and T-Shaped gusset plate [7]. The welded
connection for CFS has been conducted by Hanisha
and Kishore [6].

The composite connection is an improvisation from
the non-composite connection. There is some
component that observed in composite connection
which is slab, beam, and column. The study of the
composite connection of CFS [8-11] involves a
concrete material with various compressive strengths
by range fc’= 30 MPa up to fc’= 43 Mpa. All of the
concrete was conventional concrete. The combination
of a rectangular gusset plate and bolted connection
were used in the study [9, 10], and the combination of
seat angles with haunched gusset plate has been
studied [8, 11, 12].

There are additional flange cleats in both studies of
non-composite and composite specimens of CFS [4, 8,
11]. The purpose of additional flange-cleat is related
to quick and easy installation and avoids the welding
process, which is expensive. Some research combines
the composite slab with CFS as a primary beam [13-

17).

Two types of connection were observed on the
connection of encased beam in slab-column
connection. First, the gusset plate only [7] and the
combination of gusset plate with additional bottom
flange cleat connection [18]. As a result, the additional
bottom flange cleat could improve the moment
capacity of the connection. For further research, it is
necessary to improve the recent connection with anew
proposed connection. The proposed connection was a
combination of a gusset plate with a top-seat angle
connection.

This paper covers a comparison of moment capacity
between the connection with additional top and seat
angles (Isolated Joint Test (1JT)-03), the connection
with additional seat angles only [18] (1JT-02), and the
connection without a flange cleat connection [7] (IJT-
01). This study aims to improve the slab-column panel
connection of its moment resistance by combining the
gusset plate with the top-seat angel on the connection
in specimen IJT-03. This study's major contribution is
the development of cold-formed steel as the structural
component, which is still rarely carried out.
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Besides the analytical calculation, this paper also
presents the proposed experimental procedure for
future study. The result and discussion of this study
could be a reference for the further study of CFS to
improve the moment capacity of the Cold-formed steel
connection. The experimental procedure proposed in
this paper could be a consideration for future studies.

2.Literature review

The massive production of CFS has recently made the
CFS more popular in its usage. CFS has a thinner
cross-section rather than HRS. However, it makes CFS
has lack stability [2]. Furthermore, due to its
weakness, the study of CFS as the main structural
component is still very few. Some CFS experiments
have been conducted within a parametric analysis and
experimental method in the IJT system. Some research
has experimented with the IJT for the non-composite
[3-5] and the composite [8-12].

T test for the connection of beam to column
connection is investigated by Aminuddin etal. [3] with
10 mm thick rectangular gusset plates. The research
methodology used in this study was an experimental
and parametric analysis. The beam of the CFS section
had various dimensions and the column had only one
dimension. The result shows that the beam depth
configuration needs further study to obtain the ductile
behavior of the connection. Aminuddin et al. [4]
continued their study by combining a similar gusset
plate with the top-seat angle to improve the connection
strength. From the study [3, 4], it could be concluded
that the moment capacity and connection stiffness
have been improved by adding the top-seat angle in
the connection.

Firdaus et al. [5] improvised the specimen with
another type of haunched gusset plate with additional
top, seat, and web angle in the connection. The cross-
section dimension of the beamand column was similar
to Aminuddin’s study [3, 4]. The haunched gusset
plate was proposed to increase the strength of
connection rather than of the rectangular one. In this
study, there were six specimens investigated. These
sixspecimens were divided into two groups with two
types of connections: gusset plate only and gusset
plate combined with flange and web cleat. Each type
of connection has three specimens. The moment
capacity increased by 20%, and stiffness increased by
30% using the additional angle. It could be concluded
that the top, seat, and web angle have improved the
connection strength. The otherstudy of non-composite
connection was conducted by Patil et al. [19], which
used four various specimens. In the study, different
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types of connections and different dimensions of
thickness of the structural element were used. The
methodology used was an experimental and finite
element method. The specimen with a 2 mm thickness
and with angle section showed a higher moment
capacity.

The instability of the CFS section was happened due
to its slenderness. To overcome the instability of the
CFS section, the installment of the composite element
integrated into the beam component could affect a
greater stiffness of the connection. Since there was
very little information about the composite
connection, a comprehensive investigation was
conducted by Firdaus etal. [8, 11, 12]. The study about
the seat angle in composite connection [8, 11] could
improve the moment capacity by 8 % with a ratio of
1.06. The stiffness are improved by 17%, with a ratio
of 1.19. The connection becomes the full-strength
behavior by the influence of the seat angle. Sulaiman
et al. [10] had studied the other beam-column
composite connection. In this paper, there was a
comparison between the composite and non-
composite connection of CFS. The result of the study
stated that the composite joint had a higher ultimate
load capacity and higher moment resistance than the
non-composite connection. Firdaus et al. [20] also
proposed a programming tool to calculate the strength
of CFS composite connection. The proposed program
has simplified the calculation methodology based on
Eurocode 3: BS EN 1993-1-8: 2005 and Eurocode 4:
BS EN 1994-1-1: 2004. The analysis has been
performed with various dimensions.

The composite beam with CFS material was
investigated by Salih et al. [17]. The configuration of
the beam was installed with the bolt connection
through I-shape and box-shape. For the slab part, it
used self-compacted concrete as a composite material.
The U-shape rebar is installed to composite behavior
within the beam, slab, and concrete component. The
result has shown that the I-shape profile in the bending
test has a 24.2% larger moment capacity than the box
shape with a similar configuration. The properties of
I-shape CFS provides higher moment inertia than the
box shape,and it provided economic savings.

The otherstudy about composite slabs was conducted
by Bamaga et al. [21]. The composite beam s variated
in the type of shear connectorand beamthickness. The
study concluded that the beam specimen is
significantly affected by the type of shear connector,
and the thicker the beam profile also provides a higher
strength capacity.
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Shi et al. [22] has conducted the flexural test on
composite beam. It had a variation in the concrete slab
and type ofshear connection. There were two types of
concrete used in the study. First, the Gypsum-based
Self-leveling Underlayment (GSU), and second the
Lightweight Concrete with Fine Aggregate (LCFA).
The shear connector variation with three types of
connectors. The full-scale experiment was a four-point
loading test. The failure mode of shear buckling on the
joist web location occurred to all specimens. The
combination of two types of the shear connectorcould
provide a higher moment capacity.

In Lawan et al. [16] has demonstrated the flexural
performance of CFS beam with various shear
connectors. The four-point bending test is conducted,
and it shows that the composite CFS beam is adequate
as a structural member. The type and design of the
shear connector significantly influence the beam
moment capacity [16, 17, 22]. The study of Lawan et
al. [23] has discussed CFS as a sustainable material for
a structural element. As the beam element, the
composite CFS beam has increased the flexural beam
capacity. The application of CFS composite beam has
a limitation in small and medium buildings.

The study of concrete slab with the CFS section as
reinforcement was carried out by Qiao et al. [24]. It
was a new approach to use the CFS as reinforcement
of structural components. Likewise, the concrete,
integrated with CFS could reduce the instability due to
the thinness of the CFS section. The presence of the
concrete, integrated with CFS could reduce the
concrete volume. This research method was an
experimental and finite element with two kinds of
specimens. There were four lines (CS-1) and three
lines (CS-2) reinforcement of the CFS section. CS-1
with  many CFS elements provides superior
performance rather than CS-2. In this research, it had
been confirmed that the CFS element could substitute
the rebars in the slab.

Puluhulawa [25] had researched CFS as slab
strengthening with variations of the shear connector.
There are two types of shear connectors, which are
Epoxy Sikadur CF-31 and Dynabolt M10. The results
show that the use of epoxy has increased the stiffness
of the strengthened slab, and the dynabolt role could
improve theslab in carrying the bending load.

Muliawan et al. [7] studied the slab-to-column
connection using parametric analysis. Based on
previous research, this kind of calculation procedure is
not available. Moreover, the composite slab
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application as the structuralcomponent ofthe building
part could only be used ifthe connection provides such
an adequate strength to resist and transfer the load
from slab to column. CFS profile in the case was
C12524. The gusset plate thickness used in this study
was 4 mm in the form of a T-Shaped gusset plate. The
variable in the studies was the bolts that were variated.
The compatible bolts that could be used for the
connection were M10 bolts.

The other research was conducted by Muliawan et al.
[18] with additional seat angle to the column-slab
connection.

The gusset plate configuration was similar to
Muliawan et al. [7]. They were related to the previous
study on the connection between a slab and column of
CFS section. Overall, it was shown that the additional
bottom flange cleat could improve the moment
capacity of the connection.

3.Methods

There are three kinds of specimens used in this study.
All of the specimens have the typical gusset plate
configuration with a T-shaped form. The only gusset

Figure 1 JT-03 isometric view
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Top Angle

plate connection is conducted in JT-01 [7]. The
combination of seat angles and the gusset plate is in
specimen IJT-02 [18], and 1IJT-3 is a specimen with a
gusset plate combined with the top-seat angle in the
connection. The specimen is shown in Figure 1 with
an isometric view. Figure 1 also shows the dimension
of the specimen. It shows where the location of the
top-seat angle in the connection. There is one flange
cleat on the top and one on the bottom on the side of
the specimen. In the middle part, it has two flange cleat
on the top and two on the bottom, because in the
middle has a double channel lip. All specimens have a
similar column panel dimension (h = 3000 mmand bl
= 1000 mm) and similar slab dimension (I =1000 mm
and b2 =1000 mm). In Table 1, it shows the difference
between the connection. 1JT-03 is the proposed
connection with this study.

Figure 2 shows the assembly of the IJT-03 specimen
in Construction Research Center Laboratorium,
University Teknologi Malaysia, Malaysia. The
specimen shows a non-composite connection type.
The specimen was laid down on the floor before it was
installed onthe frame rig.
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Table 1 Specimen variation
Width Height

Specimen (mm) (mm) Connection Figures
T-Shaped Gusset  Plate

T-01 1000 3000 Connection
T-Shaped Gusset  Plate

1JT-02 1000 3000 Connection with  Bottom

Flange Cleat

T-Shaped Gusset  Plate
1JT-03 1000 3000 Connection with Top-Seat
Angle Connection

Fi—gure 2

Figure 3 shows the cold-formed steel profile utilized back-to-back configuration in the column and slab.
in this study. It shows that the CFS dimension and For CFS profile design strength is Fy = 530 MPa, Fu
mechanical properties are typical of the previous study =590 MPa.

[7, 18]. The specimen’s side part utilizes a single CFS,
while the middle part has a double channel lip with a

1009
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Slab Component

CFS design
strength :

fi = 530 MPa
fi. = 590 MPa

D2 5
Ar 1' 1:0
h
NS — L )

b=50mm
F_1¢°=
15 mm

h= 125 mm

t=2.4 mm

Figure 3 Cold-formed steel section

A bolted T-Shaped gusset plate connection was
installed on all specimens, as explained in Table 1. BS
EN 1-8:2005 [26] has become the reference for the
bolt mechanic properties. The M10 bolts with grades
8.8 are applied in all specimens. The range validity of
the bolt has been calculated in a previous study [7, 18].
The T-shaped quality is S355 grade according to BS
EN 1-1: 2005[27] with a thickness of 4 mm.

The flange cleat quality was grade S355, identical to
the bottomflange cleat grade on the previous research
[18]. The dimension of the flange cleat is shown in
Figure 4. It has a top angle and seat angle. The
dimension between the top and seat angles is typical
with b = 160 mm, h = 160 mm, and thickness 7 mm.
The flange cleat in IJT-02 and IJT-03 have a similar
type of flange cleat. IJT-02 has a sixflange cleat, while
IJT-03 has twelve flange cleats.

BS EN 1993-1-8:2005 is the reference for the
component method calculation. Figure 5 shows the
flowchart of the study. The first step is collecting all
the component data. Then, the parametric study is
conducted to calculate the moment capacity of the
connection. After the calculation has finished, the IJT-
03 specimen compares to the previous study [7, 18].

IJT-01 and JT-02 have been calculated elsewhere [7,
18]. The calculation gives the output of predicted
moment capacity its failure mode. This paper is
focused only on IJT-03 analysis with top and seat
angles on the connection.
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For the IJT-03 specimen, the first step is to analyze the
gusset plate moment capacity. The gusset plate
capacity is calculated just like 1JT-01 [7]. For top-seat
angle, moment capacity in IJT-03 is calculated based
on the component method. There is a column web
panel in shear, the column web panel in compression,
beam flange and web in compression, bottomangle leg
in compression, bottom angle leg in bearing, bottom
beam flange in bearing, bottom angle bolt in shear,
column flange in bending, column web in tension, bolt
in top angle leg in bearing, bolt in top beam flange in
bearing, bolt-in shear at the top flange of the beam, and
angle cleat in bending (top angle), and angle cleat in
tension (top angle).

Figure 4 Flange cleat dimension [18]



International Journal of Advanced Technology and Engineering Exploration, Vol 8(81)

Start

Literature Review

Y

Collecting Data :
-CFS: Column and Slab
-HRS : Gusset Plate, Flange Cleat
- Bolt Data

v

Parametric calculation

Gusset Plate : Shear and
Bearing Capacity

Flange Cleat : column web panel in shear, the column web
panel in compression, beam flange and web in
compression, bottom angle leg in compression, bottom

angle leg in bearing, bottom beam flange in bearing,
bottom angle bolt in shear, column flange in bending,
column web in tension, bolt in top angle leg in bearing, bolt
in top beam flange in bearing, bolt in shear at the top flange
of the beam, and angle cleat in bending (at the top angle),
angle cleat in tension (top angle).

Minimum value from shear and
bearing capacity

Minimum value from
component method

Gusset plate moment capacity

Top-seat angle moment capacity

Prediction of Moment Capacity

Conclusion

Figure 5 Research flowchart
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The column web panel in shear as shown in Equation

1
09f. A

yc “ve

Vwp, Rd,1= @
\[; yMO

The column web panel with compression (Equation 2
and 3). Minimum of FewcRrd

wk b f..t
wc”eff,cwd yc wc
Fewerd=————— @)
Ymo
wk, p. b et
_ wclewc”eff,cwe yc we
FewcRrd = (3)

Ym1
Beam Flange and Web in compression (Equation 4)

(Feb,Rrd)

)

Bottom angle leg in compression (Equation 5)
(Fca,fo,Rd)

.. ISlltSafySll psaclsutsafysa
Feamrd,1 = minimum of or 5)
Ymo Ym1
Bottom angle leg in bearing (Equation 6) (Fcab,rd)

d, , t

nbkl,saab,safu,sa bolt”sa

FeabRd = Yorz (6)

Bottom beam flange in bearing (Equation 7) (Feb,rd)
kb b FubBpotet fi

Febt,Rd,1 = ()
Ym2
Bottom angle bolts in shear (Equation 8) (Fvcard)
F\/ca’Rd - g av,baltfu,bultAv,bolt (8)
Ym2
Column Flange in Bending (Equation 9 and 10)
(Ftc,Rd1)
Minimum of:
Ftcrd1 = % ©)
or
_ 2MplLRd+ecf x L Ft,Rd
Ftcrd1 = —— (10)
Column Web in Tension (Equation 11)
Frwopy = “Ltwextwexjwe "W"‘y’;d s fue (1)
Bolt in Top angle Leg in Bearing (Equation 12)
Ftab,Rd — npx kl,ta x ab,ta x fu,tax dbalt X tta (12)

yM2

Bolt in Top Beam Flange in Bearing (Equation 13)
X Ky e X @y ey X Fy X dpore X gy (13)

yM2
Bolt in Shear at the Top Flange of The Beam
The shearresistance of the bolts in the top flange is the
same as in the bottomflange (Equation 14).
FuvtaRrd = FvcaRrd (14)
Angle Cleat in Bending (At the Top Angle (Equation
15, 16 and 17))
The minimum of

Ftb,rRd=
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4M

Fars = —2= (15)
Meff,ta 5
2M +e x L F
pl,Rd 2,ta t,Rd
= 16
Meff,ta+ €,ta ( )
=X F ga 17
Angle Cleat in Tension (Top Angle) (Equation 18 and
19)
The minimum of
_ Ita ttafy,ta
Fiatrd = v (18)
_ (Ita_ 2dO) ttafu,ta
= oz (19)

Based on BS EN 1-8:2005 [26], the bolt resistance is
taken from the minimum value of Fbolt. To find the
joint flexural resistance (Equation 20) (Mjrd)

Mjz = Minimum Fird X lever of arm x number of
flange cleat (20)

The full-scale isolated joint test configuration
instrument is shown in Figure 6. The hydraulic jack
and the load cellare installed at the end of the slab with
a 900 mm distance. The load applied to the specimen
is about 0.2-0.5 kN. Increasing the load will directly
cause the deformation to increase.

1000
900

Hydraulic
Jack

Load Cell

LVDT 3 LVDT 2

450

200

74.5

A A

Figure 6 Isolated joint test set-up

There are two Inclinometers installed at the specimen.
Inc-1is the inclinometer placed on the slab, and Inc-2
is the inclinometer placed on the column. The
inclinometer is helpful to measure the rotation that
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occurred to the specimen. Location of Inc-1 is placed
in the middle of the slab bolt group, and the Inc-2 is
placed parallel to the Inc-1.

There are five Linear \Variable Differential
Transformers (LVDT) placed at the specimens. LVDT
1 locates under the slab and parallel to the applied
load. The location of LVDT 2 is in the middle of the
slab. Below the Inc-1 was LVDT 3. LVDT-4 and
LVDT-5 are located horizontally toward the column.
The distance of LVDT 4 and 5 to the slab is 100 mm.
There are some limitations in this study: the non-
composite connection, only focus on column-slab
connection, cold-formed steel material for column and
slab component. The usage of top-seat angle in the
connection, and only calculate the moment capacity
based on Eurocode 3 standard, and the applied load is
static.

4 Result

4.11JT-03 specimen calculation
4.1.1Gusset plate calculation
In the gusset plate part, there was a shear and bearing
capacity calculation. The calculation is shown below.
ay, fupAs - 0.6 x 800 x 58 = 22972 kN

YMm2 1.25

Fvrd=

Table 2 The capacity of gusset plate

2. Sab ktfu,beam dbolt tf,beam

Fo.rd,c6= =
YMm2

2.5 x 590 x10 x 2.36
% = 27.848 kN

2.5ab ktfu,gdbolt tg 2.5x 510 x 10 x 4
Fordagp = =

YMm2 1.25
=40.8 kN

2.5ap k¢ fyacdpoit tac 2.5 x 510 x 10 x 4
FbRrd,ac= =
YMm2 1.25
=40.8 kN

The capacity ofthe gusset plate connection dependson
the minimum value between shear and bearing
capacity. The shear resistance is influenced by the
number of shear and bearing planes. The shear and
bearing capacity calculation in the side and middle
parts of the specimen is summarized in Table 2. The
total moment capacity between the side and middle
part of the specimen is matched with the previous

study [7].

Beari Shear Bearing sh it Moment
Component IZ?E“Q plane capacity (k’j;’lr capacity  capacity
p (kN) (kNm)
Bolt ) 2 ; 44544 -
Cold-formed Steel - - -
Side Gusset 1 27.848
Plate Gusset Plate 1 - 40.8 - B
Angle Clamp 1 - 40.8 - .
Bolt - 2 - - -
Middle Cold-formed Steel - )
Gusset Plate 2 > 2
Gusset Plate 1 - 40.8 1 B
M oment Connection - - - - 1711

4.1.2Flange cleat calculation

The results are shown in Table 3 based on Equation 1
to Equation 19. It selects from the minimum resistance
fromthe overall calculation. It was then multiplied by
the lever arm in equation 20. Figure 7 shows the
location of the failure mode in the connection. Each
failure mode has influenced by either it is by the
tension zone or the compression zone. The equation 1
until equation 19 is related to Figure 7. So, the
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minimum value from the calculation shows the failure
location where the failure mode occurred.

The minimum value obtained is 4.17 kN with failure
modes in angle cleat in bending (top angle) for the
moment resistance as calculated below.
Mj 3 =4.17 kN x 256 mm x 12

=12.8 kNm

=17.11 + 128

=29.91 kNm
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The comparison results between 1JT-01, IJT-02, JT- 02 and NT-03. The installation of a top-seat angle
03 are presented in Table 4. It is shown that the could improve the moment capacity well.
moment capacity of connection has improved in IJT-

Ft\vc,Rd

Fifc.ra
Fta.ra

- ,— — ., — — — — — — — — — —-
Fta.(.Rd
Frab.rd
Fyia.rd
h, Fiom rd
Fem.ra
Febib.Rd
W
Fvca,Rd
Fcab.Ra
Figure 7 Top angle and seatangle in 1JT-03
Table 3 Summarize calculation in 1JT-03
Summarize Equation Load Failure mode
(kN)
Vwp,Rd 1 09fyc Ape 0,9 x 530 x 740.74 204.00 Column web panel in shear
Vwp, Rd 1= =
Fr, e
Mo
Fewe,rd1 @kyborr el yetwe 139.87  Column web panel in compression
FCWC,Rd = - =
Ymo
0.886 x 1x 72.2 x 530 x 4.72
or
1
_ @ kwcpcwcbeff,cwvfyctwc
chc,Rd = =
Ym1
0.886 x 1x0.87x72.2 x 530 x 4.72
1
Fe,ib,Rd,1 F My pa 12183 99.34  Beam flange and web in compression
chRI1= T =T —
hb—tfb 125-2.36
FecaRrd1 Lot ysa  35x10x275  96.25  Bottomangle leg in compression

Feam,Rrd,1 = minimum of
Y Mo 1

r psaclsatsafysa _ 1x35x10x275
- 1

Ym1
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Summarize Equation Load Failure mode
(kN)
Feab,rd,1 kg o safusaboletsa 172.28 Bottomangle leg in bearing
Fcab,Rd = =
Ym2
2x2.755 x0.909 x 430 x 10 x 10
1.25
Febtb,Rd,1 k1 b b ub@potet fi 55.79  Bottombeam flange in bearing
Febo,Rd,1 = =
Ym2
2x2.755 x0.909 x 590 x 10 x 2.36
1.25
Fucardt noa, o ubotAvbolt 2 x 0.6 x 800 x 78.54 60.32  Boltsin shear at thetop flange of the beam
Fvca,Rd - Yora = 125
Ftrd1 _ 4MplLRd 4 x0.09 x 1000 12.48  Column flange in bending
Ficrat = = or
mcf 30.28
2Mpl,Rd+ecf x X Ft,Rd _
mcf +ecf -
2x0.09 x 1000 +5.5 x 66.82
30.2845.5
Fwe,Rd,1 _ beff twextwecx fwe _ 128 x4.72 x 530 320.19  Column in web tension
Ftwc,Rd - /M0 - 1
Frab,rd,1 myxky X @y X fy % dpg Xt 516.85 Boltsin top angle leg in bearing
Fraord = =
yM2
6x 2.75x 0.91x 430 x10x10
1.25
Fivfb,Rd,1 X ke e X U e ¥ Fup® dpore X Epp 167.36  Boltsin top beam flange in bearing
Ftomrd = =
yM2
6x 2.75 x 0.91 x 800 x 10 x 2,36
1.25
Futa,ra1 Fvtard = FyvcaRrd 60.32  Boltsin shear at the bottom flange of the beam
Fiard1 4MyRd 4 x012x1000 4.17 Angle cleat in bending (at thetop angle)
Fard = M = 7 11552 or
eff.ta .
ZMypat ¥ 2Fipd 2x012+34x66.82 or
Mot ta® s 1a B 115.52+ 34
X F pq = 12.48
Ftatrd1 Lattofyta  35x10 x275 4472 Angle cleat in tension (top angle)
Fratrd = = or
yMO 1
Ura=2d0) teafiea  (35-2x11) x10x430
yM2 B 1.25
Table 4 Moment capacity comparison
1JT-01 13T-02 1JT-03
M oment capacity Shear capacity M oment capacity Shear capacity M oment capacity Shear capacity
17.11 44.544 23.32 66.82 29.91 89.088
5.Discussion the specimen because the bolt has a high strength
The bearing failure happens at the bolt holes inasingle resistance.
CFS section of the outer side of all specimens. The ) )
bolt's bearing resistance is smaller than the other In the IJT-03 calculation, there was a calculation
connection component. The possibility of bearing method of each failure mode with the top and seat
failure at the gusset plate will happen in the middle angle. There are 14 possible failure modes that can
part of the specimen. There is a small possibility that happen. The minimum value presents the possible
shear failure will happen at the side and middle part of failure. The possible failure will be happened at the

angle cleat due to the bending at top angles at loading
resistance of 4.17 kN. The failure will happen at the
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Fta,Rd,1 because it has the smallest bending resistance
value compared to other failure modes. The other
possible failure mode will happen at the column flange
in bending (Ft,Rd) because it has 12.48 kN in load
resistance. At the top angle, two possibilities of failure
mode will happen, and at the seat angle will happen
the failure mode at the bottom beam flange with the
bearing load resistance of 55.79 kN.

The moment capacity in 1JT-03 has a more significant
value ratherthan the previous type of connection. This
calculation showed that the top and seat angles
instalment improved the moment capacity of the
connection. The additional top and seat angles resist
the connection both in the tension and compression
zones. It showed by the 14 possible failure mode was
around the tension and compression zone of the
connection. The tension zone in IJT-03 is more
substantial than in IJT-02 because IJT-02 does not
have a top angle in the tension zone.

The shear capacity of the bolts within the connection
have shear capacity that is influenced by the shear
plane. Each flange cleat has one shear plane. The shear
capacity is consistently increased along with the
addition of a flange cleat in the connection. The IJT-
03 has a bigger shear capacity than IJT-02 and 1JT-01.
The shear resistance of all specimen’s connection is
stronger than the bearing resistance. Complete list of
abbreviations is shown in Appendix 1.

6.Conclusion and future work

Based on this research, it could be concluded that the
result of the IJT-01 specimen shows that the bearing
failure is more determined than the shear failure. The
high-strength bolts used in the connection are enough
to resist the shear failure. The bearing failure is
affected by other components such as the gusset plate,
cold-formed steel, and seat angle. The possible bearing
failure will happen at the side part of the specimen
because it just had one bearing plane. In the middle
part, the possible bearing failure was on the gusset
plate. The failure mode of IJT-03 is caused by angle
cleat in bending (top angle) with a load resistance of
4.17 kN. This kind of failure mode could be used as
the reference in the experimental test. So, the
researcher could anticipate the failure or improve the
connection capacity. The moment capacity of the
connection has improved from IJT-01 to 1JT-03,
respectively. The installation of the flange cleat at the
top and seat location gives the additional moment
capacity of the connection. The moment capacity
increases 35% from IJT-01 to IJT-02 and 28% from
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JT-02 to T-03. The maximum moment capacity of
the connection is predicted at the value of 29,91 kNm.

There are some recommendations for future work.
First, the predicted calculation should be followed by
the experimental study to verify the result and find the
effect of flange cleat installation at the connection
between the slab and column subjected to the loading.
Second, further study is necessary by using the sub
assemblage frame test specimen to observe the
relationship between load capacity and the CFS slab
panel deflection by using parametric analysis and
experimental methods.
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Appendix |

S.No. Abbreviation Description

1 CFS Cold-formed Steel

2 GSU Gypsum-based Self-Teveling
Underlayment

3 HRS Hot-Rolled Steel

4 T Isolated Joint Test

5 LCFA Lightweight Concrete with Fine
Aggregate

6 LVDT Linear  Variable  Differential
Transformers
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