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Abstract. Cold-formed steel (CFS) members designed with proper stiffener can significantly
increase the loading capacity of the connected member even though they are thin and slender.
Design recommendations of connections especially for CFS sections are mostly related to the
load-carrying capacities of individual fasteners such as bolts, screws, and rivets. The proposed
bolted top-seat flange cleat joint in this paper should be able to categorize as semi-rigid that can
further enhance the use of CFS in structural steel. This paper aims to investigate the behaviour
of cold-formed steel section with gusset plate integrated with angle cleats. The full-scale isolated
joint test was conducted on three specimens where the size of column size is C30024, and the
size of beams is C20024, C25024, and C30024. All sections are 2.4mm thick. The connections
were stiffened with a rectangular gusset plate of 10mm thick and angle cleat of 6 mm thick,
respectively. The result of the test showed that the moment resistance (M;) of the connection for
beam sections C20024, C25024 and C30024 were 45.3 kNm, 48,8 kNm, and 52.5 kNm
respectively. The initial stiffness (S;,ni) of the connections for beam section C20024, C25024 and
C30024 were 510 kNm/rad, 650 kNm/rad and 610 kNm/rad respectively. The experimental
results showed that the ratio of the moment resistance ranged from 1.00 to 1.16, and the ratio of
initial stiffness ranged 1.00 to 1.35 as compared to the numerical analysis adopted from EC3
code.

1. Introduction

Due to their high structural performance and durability, cold-formed steel (CFS) sections are well suited
for building construction, and their lightweight is a significant advantage [1]. Typical cold-formed steel
members such as studs, track, purlins, girts, and angles are mainly used for carrying loads while panels
and decks such as floors, roofs, and walls are only functioned to resist in-plane and out-of-plane surface
loads [2]. The use of cold-formed steel members should be able to provide a good alternative in steel
construction as they are light in weight as compared to hot-rolled steel [3]. Above all, CFS sections offer
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flexibility and versatility in producing a variety of cross-sectional shapes, which are obtained by bending
relatively thin metal sheets using either a cold rolling or a press braking process at room temperature
[4]. Design recommendations of connections especially for CFS sections are mostly related to the load-
carrying capacities of individual fasteners such as bolts, screws, rivets and spot welds [13][1]. The
connection is an essential element in structural steelwork construction. The significant mechanical
properties of connections are strength (load capacity), stiffness (rotation rigidity) and ductility
(deformation capacity) [5]. Connections also should be able to resist high stress-strain formation
developed from dynamic redistribution of moments and tension loads which means they require high
ductility to dissipate energy and undergo deformation without failure [8]

The proposed joints should be simple, strong, durable, fast, and easy to install. One of the most practical
ways to connect joint elements is by using gusset plates and bolts [4]. The use of gusset plate can be
further enhanced by integrating the use of bolted flange-cleat beam-to-column joints in order to achieve
a connection considered as simple, fast, cost-effective, and of high quality [9].

The bolted top-seat flange cleat joints should be able to achieve a semi-rigid connection that has the
potential to address the cost-effective issue. This joint profile offers simple configuration in fabrication
and installation and requires no welding [10]. Research on CFS connections using gusset plate has been
done by Tan [12]. From these experimental results, it is observed that the ratio of moment resistance of
joint to the moment resistance of the connected beam increased within the range between 0.46 to 0.70
more than 0.25 as suggested by EC3. The rotational capacities of the joints exceeded 30 mRad which
can be considered as ductile connection. The rotational stiffness was recorded as 511 kNm/rad to 1671
kNm/rad. From these tests results, it was concluded that the use of gusset plate can enhance the CFS
connection as partial strength connection.

Bucmys has proposed a bolted gusset-plate joint for CFS section since it is one of the easiest ways for a
beam-to-column connection [2]. The specimen’s joint under analysis consists of a double C-channel of
back-to-back lipped sections bolted to gusset plate designed as T shape. The strength capacity shows
similar values in analytical calculations and experimental results. In 2017, Bucmys also investigated the
behavior of rectangular gusset plates in CFS connections for beam-to-column connection with double
C-channel arranged back-to-back [2]. The experimental results are compared with the numerical
analysis calculated from EC3 formulation. The comparison showed satisfactory agreement with the
proposed connections were categorized as semi-rigid connection. Based on previous research, if the
gusset plate connection on CFS is combined with flange-cleat, it has the potential to increase the
connection capacity such as moment and rotational stiffness. However, despite the above advantages,
lack of knowledge concerning the actual behavior of semi-rigid flange cleat joints has resulted in
avoiding this type of joints in current practice [9]. Therefore, this study proposed the use of CFS of
double lipped channel cross-section installed back-to-back for beam-to-column connection. This paper
aims to investigate the behavior of the proposed isolated joint of beam-to-column by carried out full-
scale testing and compare with the numerical analysis established from EC3.

2. Geometrical configuration of the specimens

The geometrical configuration of the specimens for beam and column was listed in Table 1. The column
was used only one profile of C300 whereas, for beams C200, C250 and C300 with steel of grade 450
N/mm? were proposed.

Table 1. Cross-section of specimen
Profile Dimension (mm)
Web  Flange Lip Thickness Radius

C20024 200 75 16 2.4 5
C25024 250 75 20 2.4 5
C30024 300 100 25 2.4 5




ICONBUILD & RCCE 2019

IOP Publishing

IOP Conf. Series: Materials Science and Engineering 849 (2020) 012068 doi:10.1088/1757-899X/849/1/012068

The arrangement of bolts configuration was in accordance with Eurocode 3 rules, as shown in Fig.
1 and Fig. 2. All bolts used in this connection were of M12 Grade 8.8. In order for smooth installation
of bolts, a 13 mm bolt’s hole was drilled on the rectangular gusset plate of 10mm thick (see Fig. 1) and
flange cleat of 6 mm thick (see Fig. 2). Each of the specimens was named IJT-BGJ-4, IJT-BGJ-5, and

1JT-BGJ-6 as shown in Table 2 and Table 3.

Figure 1. Detail of specimen

Table 2. Configuration detail of gusset plate connection

Detail of Connection (mm) Number

Label Beam Column t he L, e & p p: ps of Bolts
NT-BGJ-4  C20024 10 200 600 75 50 150 100 150 8
IJT-BGJ-5  C25024 ©30024 107250 600 75 50 150 150 150 8
UT-BGJ-6  C30024 10 300 600 75 75 200 150 150 8

Table 3. Configuration detail of flange cleat connection

Detail of Connection (mm) Number

Label Beam Column te e La La €n  €a P2 of Bolts
NT-BGJ-4  C20024 6 5 65 65 325 325 85 4
IJT-BGJ-5  C25024 30024 —g 65 65 325 325 85 4
NT-BGJ-6  C30024 6 65 65 325 325 85 4
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Figure 2. Dimension of flange cleat

Table 4. Configuration detail of flange cleat connection

IJT-BGJ-4 1JT-BGJ-5 1JT-BGJ-6
La =65 mm La =65 mm L.=65mm
L =65 mm L =65 mm L =65 mm
bre = 162 mm br. = 162 mm br. =202 mm
te =6 mm te = 6 mm ti. = 6 mm

3. Experimental test
The specimens were tested at Constructions Research Center (CRC) Universiti Teknologi Malaysia
(UTM) that assembled as full scale isolated joint test (FSI1J) on Magnus frame, as shown in Fig. 3.

Hydraulic jack

Load cell

1000

Figure 3. Testing of Specimen with Isolated Joint Test (1JT)

The equipment used in the tests and method of assemblage are listed as follows:-
a. Lateral restraint was installed to avoid excessive torsion of the beam
b. An inclinometer was installed at the centre of the beam and column to measure the rotation of the
connection
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c. Five units of LVDT (Linear Variable Differential Transformer) located as shown in Fig. 3 to
measure deflection. LVDT 1 (under load cell); LVDT 2 (500 mm from flange column); LVDT 3
(100 mm from flange column) and LVDT 4-5 (web column).

The test results data such as the load, deflection, and the rotation of connection were recorded by the

data logger.

4. Result and discussion

4.1. Failure mode

Three specimens of isolated joint test have been tested. The typical failure modes of the specimens are
shown in Fig. 4 represented by specimen IJT-BGJ-4. Fig. 4 show that the deformation occurred at the
compression zone of the column where the column web of the beam deformed when the 45 kN of loads
were applied. At the same time, the top angle cleat was also pulled apart from the column flange.
Typical failure of this type of connection is more on the local buckling of the compression zone of the
column web before any failure of the top column can be noticed. However, the use of top and bottom
cleat has increased the resistance of the proposed connection.

Compression Zonep
.’E" = ypi"‘
° .

A

Figure 4. Deformation of specimen IJT-BGJ-4

The results of observations from the three specimens can be summarized as shown in Table 5. The 1JT-
BGJ-4 specimens were stopped at the load of 45 kN, 1JT-BGJ-5 at load of 40 kN, and IJT-BGJ-6 at load
of 20 kN. The flange column of each specimen has identified the same buckling failure pattern in the
compression zone; only in the IJT-BGJ-4 section has the buckling flange beam, and the lower flange
cleat was bending too. The bearing of the CFS bolt hole, gusset plate, and flange cleat also occurred on
all specimens.

Table 5. Modes of failure on each specimen

Specimen Failure mode identification

UT-BGJ-4 Bending on the lower flange cleat
The bearing of bolt hole on CFS, gusset plate and flange cleat
Column flange was buckling in the compression zone

Beam flange was bending in the compression zone
The bolt hole of the upper column flange and upper beam flange were
bending in the compression zone

g N e

NT-BGJ-5

=

The bearing of bolt hole CFS, gusset plate and flange cleat

Column flange was buckling in the compression zone

3. The bolt hole of the upper column flange and upper beam flange were
bending in the compression zone

n

UT-BGJ-6 1. The bearing of bolt hole CFS, gusset plate and flange cleat
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2. The bolt hole of the upper column flange and upper beam flange were
bending in the compression zone

3. Column flange was buckling in the compression zone

4.2. Moment-rotation curve

Figure 5 - Figure 7 shows the moment rotation curve for the tested specimens. Fig. 5 shows that the
moment joint capacity (M u.exp) for 1IJT-BGJ-4, which is 45.3 kNm, the initial stiffness value (S;,ini) drawn
from straight line of linear iteration is 510 KNm / rad and rotation (@j.exp) is 0.087 Rad.

50 Mj,u,exp =45.3
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Figure 5. Moment - rotation curve (M-@curve) 1IJT-BGJ-4 (beam C20024)

The moment vs rotation curve from Fig. 6 has shown that moment connection capacity (Mj,u.exp) for IJT-
BGJ-5 is recorded as 48.87 kNm with initial stiffness (S;,ini) as 650 kNm / rad and rotation value (@;u.exp)
as 0.056 Rad.
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Figure 6. Moment - rotation curve (M-@curve) 1IJT-BGJ-5 (beam C25024)

The moment vs rotation curve in Fig. 7 of the connection has recorded moment capacity (M;uexp) for
JT-BGJ-6 as 52.5 kNm, initial stiffness (S;,ni) as 690 kNm / rad and rotation (@ju.xp) as 0.054 Rad
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Figure 7. Moment - rotation curve (M-@curve) 1IJT-BGJ-6 (beam C30024)

The results in Fig. 5 to 7 show that the moment resistance and initial stiffness increases as the depth of
the beam increased. Table 6 presented that the ratio of moment resistance ranged from 1.00 to 1.16, and
the ratio of initial stiffness ranged from 1.00 to 1.35 as compared to the moment resistance calculated
by numerical analysis based on EC3 code. The use of rectangular gusset plate and flange cleat has
increased both the stiffness and the moment resistance of the proposed connection [14-16].

Table 6. Experimental Result

. M Ratio - Sj ini Ratio
specimen  Beam ittt W0 e (cmiad) Sy
IJT-BGJ-4 C20024 45.3 1.00 0.087 510 1.00
IJT-BGJ-5 (C25024 48.87 1.08 0.056 650 1.28
IJT-BGJ-6 C30024 52.5 1.16 0.054 690 1.35

5. Conclusion
The proposed isolated joint test was carried out, where the CFS section was combined with a rectangular
gusset plate and flange cleat. From this paper the following conclusions are drawn:

1. The failure mode for all specimens was almost the same where the top angle cleat yield and the
bottom beam flanged developed a local deformation on the column flange.

2. The full-scale test results on the moment resistance (M;) of the proposed connections for beam
section C20024, C25024, and C30024 were 45.3 KNm, 48.87 kNm and 52.5 KNm respectively. The
initial stiffness (S;,ini) of the connections for beam section C20024, C25024 and C30024 were 510
kNm/rad, 650 kNm/rad and 610 KNm/rad respectively. These resulted showed that as the depth of
the beam increases, the moment and the initial stiffness also increased.

3. The experimental result showed that the ratio of the moment resistance ranged from 1.00 to 1.16,
and the ratio of initial stiffness ranged from 1.00 to 1.35 as compared to the numerical analysis
established by adopting formula given in EC3 code. These results showed that the connection could
be defined as full strength and rigid connection as the ratio is equal or more than one by EC3.
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