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Abstract. This paper introduces a new composite joint, which is the composite CFST beam- concrete column joint, and it is
more convenient for transportation and erection than conventionally welded joints. The main components of this joint include
steel H-beams welded with CFST beams, reinforced concrete columns, and reinforced concrete slabs. The steel H-beams and
CFST beams are connected with a concrete slab using shear connectors to ensure composite action between them. An
experimental investigation was conducted to evaluate the proposed composite joint performance. A three-dimensional (3D)
finite element (FE) model was developed and analyzed for this joint using the ABAQUS/explicit. The FE model accuracy was
validated by comparing its results with the relevant test results. Additionally, the parameters that consisted of the steel box beam
thickness, concrete compressive strength, steel yield strength, and reinforcement ratio in the concrete slab were considered to
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investigate their influence on the proposed joint performance.
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1. Introduction

CFST members, which include a steel hollow section
and a concrete infill, have the benefits of both concrete and
steel. The utilization of these members can reduce the
construction time and enhance the seismic performance
because of their high stiffness, high strength, ductility, and
large energy absorption. As a result, they have recently been
widely used in low-rise buildings as beams and in high-rise
buildings as columns and beam-columns (Han et al. 2004,
2010, Tao and Han 2006, Moon et al. 2012, Esfandyary et
al. 2015, Hassan et al. 2016, Thomas and Sandeep 2018,
Yuan et al. 2019, Eom et al. 2019). Regarding the CFST
columns used in beam-to-CFST column joints, research
related to this joint have been extensively investigated
through experimental tests, finite element analyses, (FEA)
and analytical approaches (Elremaily and Azizinamini 2001,
Wang et al. 2009a, b, Hassan et al. 2014, Yang et al. 2015,
Li et al. 2018). Wang et al. (2009a) conducted an
experimental study involving bolted moment connection
joints of square or circular CFST columns and steel-H
beams using high-strength blind bolts subjected to
monotonic loading. Yang et al. (2015) investigated the
rotational behavior of a simply bolted I-beam to a concrete-
filled elliptical steel tubular column joints through an
experimental approach. By performing experimental and
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numerical analysis, Wang et al. (2009b) examined the
mechanical behavior of blind bolted end plate joints to
concrete-filled thin-walled steel tubular columns, and they
suggested that an innovative blind bolted joint could be
applied in low-rise and mid-rise buildings. More recent
work on composite beam-to-CFST column joints have been
extensively implemented (Loh et al. 2006, Ataei et al. 2015,
2016, Thai and Uy 2015, Thai et al. 2017, Wang et al. 2018,
Wagqas et al. 2019, Guo et al. 2019, Ye et al. 2019). Among
these researches, Ataei ef al. (2015, 2016) conducted
experimental studies of the flush end plates and high
strength steel flush end plates beam-to-column composite
joints with deconstructable bolted shear connectors. The
proposed composite joint could be easily deconstructed at
the end of its service life, the demolition waste was
minimized, and the components recycling was maximized.
Based on the research results, they also proposed the
utilization of precast slabs in the composite joint to improve
the quality of construction, reduce the construction time,
and reduce labor costs. Thai et al. (2017) investigated the
structural performance of blind bolted end plate composite
joints to the square and circular CFST columns, and they
suggested an analytical model to predict the moment-
rotation behavior of the composite joint. By performing
experimental and numerical studies, Waqas et al. (2019)
examined the behavior of composite beam-to-CFST
column flush end plate connections utilizing blind bolts
subjected to static and cyclic loading. Based on the
experimental results, they proved that the proposed joint
could enhance the strength and stiffness compared with the
previous studies. More recently, Guo et al. (2019)
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Table 1 Details of the specimen

No Member Dimensions(mm)
1 Concrete column 500x500x1210 mm
2 Concrete slab 5200x2675x160 mm
3 Steel box beam 390x500x10 mm
4 Concrete filled steel tubular beam 370x480x2185 mm
5 Headed shear studs M25x100 mm
6 Longitudinal reinforcing bars in slab N16
7 Transverse reinforcing bars in slab N19
8 Diagonal reinforcing bars in slab N19
9 Internal reinforcing bars in column N29
10 Stirrup N10
11 Steel H-beam H 390x300x10 mm
12 End plate 390x350x20

Table 2 Material properties for steel and concrete

No Type of steel Th.ickness/ Yield strength Ultimate strength, Elastic modunlus, Elongation
Diameter Fy (MPa) Fu (MPa) Es (MPa) (%)

1. Flanges of steel box beam 10 mm 405.4 554.6 200,000 24

2. Web of steel box beam 8 mm 414 548 200,000 25

3. Longitudinal reinforcing bars D16 547 670 200,000 16.3

4. T;I;Sg‘f;:frzﬁ;’rﬁi;ggg’;f/ D19 545 671 200,000 15.4

5. Internal reinforcing bars in column D29 568 698 200,000 17.3

6. Stirrup D10 525 646 200,000 14.0

7. Flanges of steel H-beam 16 mm 407 540 200,000 27

8. Web of steel H-beam 10 mm 405.4 554.6 200,000 24

9. End plate 20 mm 359 544 200,000 25

No Specimen S trgﬁ;gj rfecis(il\\//izpa) Czrtrrl:iris:icve Ten;tikl%\s;;ear;gth, Tensile displacement, (mm)

1 Concrete slab/Concrete filled steel 40 45 0.0028 339 2 mm

tubular beam

investigated the seismic performance and failure
mechanism of the CFDST column blind bolted to composite
beam joint with partial shear interaction. From their results,
they proposed calculation models to inspect the mechanical
behavior of the this connection. Regarding the behavior of
this joint under fire, Ye ef al. (2019) conducted an
experimental study on cyclically-damaged steel concrete
composite joints subjected to fire.

As previously mentioned, CFST members can be
employed in buildings as beams, columns, and beam-
columns. A lot of research related to the composite beam-to-
CFST column joints has been conducted in recent years.
However, only one research related to composite CFST
beam-to-column joints has been implemented by Eom ef al.
(2019). This research only focus on the behavior of
composite joints having CFST beam connected to steel

column but not concrete column. Additionally,
conventionally welded joints are inconvenient for
transportation and erection in constructing a framed
structure.

This paper aimed to introduce a new joint, which is
called the composite CFST beam-concrete column joint that
is more convenient for transportation and erection in
constructing a framed structure than conventionally welded
joints. An experimental investigation was conducted to
access the structural response of this composite joint. A 3D
FE model was developed to model this composite joint
utilizing a nonlinear inelastic analysis. Parametric studies
that consisted of steel box beam thicknesses, concrete
compressive strength, steel yield strength, and concrete
reinforcement ratios were considered to investigate their
effects on the proposed composite joint behavior.



Behavior of composite CFST beam-concrete column joints 77

5200
150 10@200 = 2000 900 10@200 = 2000 150
N19@125 N16@200
ﬁ“
2 PRre—— e sl s o o o 5 2Fe /o o & 5 5 5 5 o »
NIl m ] [ m w Jm m w
ot [ 4 =S LI L L NS S TR A | L | | 2 | A | -
4 4]
o s o 4e
L 44
AN iadhas) A
Steel H-beam ‘E CFSTbeam‘s‘ s End plate
390x300x10 \D—& 390x350x20
o
8
500
5200
375 18@125 108 143 125 143 108, 18@125 376
A I A G
o o Goe| o 49 Y 3 e oo o lo
< % : ] 4414 Yo ;7 71: oY 41144 C .
o @ ool ¢ 44 )@ § § ; % @ 5o [ oo] o @
T \Q“‘ I
) |
° | N
N16@200 \[N19 L1600 N19@125
2675 2675
45 13@200 376 Js 13@200 375
il T—Tmo Il il m‘ﬁo Il
2 T 2 T T T
(RN DRGNS M ) 1 1 | AR
\/_N16@200 (VT T \/N19@125 \/_N16@200 ‘i P \/Ni9@12s
8 s 84 ]
g = = g o= 5 Concrete core
[
.
N I ° I
I I
I | | | |
500 500
Fig. 1 Detailed geometry of specimen
2. Experimental program KSCDC 2012 (2012), and KDS 14 31 10:2017 (2017). A
detailed design of this joint is displayed in Fig. 1 and Table
2.1 Specimen design 1.

In this proposed joint, the main components are the steel
The composite CFST beam-concrete column joint was H-beam, CFST beams, reinforced concrete columns, and
designed using Korean standards, such as KBC 2016 (2016), reinforced concrete slabs. The steel H-beam was the build-
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Steel H-beam

390x300x10

CFST beams

Fig. 2 3D view of the joint

Fig. 3 Specimen preparation

up section, and it was welded with the CFST beam, which
included a rectangular steel hollow section and a concrete
infill. In the reinforced concrete slab, the main reinforcing
bars of N16 were located along the longitudinal direction,
and the N19 bars were placed at the transverse direction to
prevent longitudinal splitting of the slab. These reinforcing
bars were installed in two layers in the slab. In addition, in
order to avoid the stress contribution, N19 diagonal bars
were installed at the connection between the CFST beams
and the concrete column. In the reinforced concrete column,
16N29 bars were employed as main reinforcing bars, and
the N10 bars were used for stirrup with spacing of 150 mm.
It is noteworthy to mention that two splices shown in Figure
1 were employed in order for more convenience with the
erection and transportation of this proposed joint.

A 3D view of this joint is presented in Fig. 2. The steel
H-beams were welded with CFST beams using end plates.
Two holes, which were symmetrical across the concrete

column, were utilized for the concrete casting filling inside
the CFST beams. The test specimen was designed so that
it could reproduce the joint in a real framed structure. It is
noted that the steel H-beams were placed at the positive
moment areas, and the CFST beams were located at the
negative moment areas in the real framed structure. The
reason for this design is to enhance the ultimate load-
carrying capacity at the negative moment region and save
material at the positive moment area of the framed
structure. In addition, both the steel-H beams and CFST
beams were connected with the reinforced concrete slab
using shear connectors of M25 so the full composite action
between them could be obtained. The preparation of the
specimen is shown in Fig. 3.

2.2 Material properties

In this study, SM490 steel was employed for all steel
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components that consisted of the steel box beam, steel H-
beam, and the end plates, and SD500 steel was utilized for
the rebar in the reinforced concrete slab and the reinforced
concrete column of the proposed joint. The material
properties of all the steel components were determined by
the tensile coupon tests using a displacement controlled
testing machine according to the Korean Standard KS D
3515:2014 (2014).

For the material properties of the concrete used in the
reinforced concrete slab and the reinforced concrete column
of the joint, the concrete compressive strength at 28 days
after casting was identified based on the cylinder
compression tests according to Korean Standard KS F 2405
(2010), and the concrete tensile strength was determined
based on the splitting cylinder tests. The material properties
of the steel and the concrete are indicated in Table 2, and
the stress-strain curve of the concrete in compression is
described in Fig. 4.

2.3 Experimental setup

Fig. 5 represents the test set-up of the proposed joint. A
hydraulic jack with a loading capacity of 5,000 kN was
employed to impose a vertical load on top of a concrete
column. Before testing, the set-up and performance of the
components and instrumentation were checked by applying
a small load of about 10% of the predicted ultimate load of
the specimen. The test specimen was unloaded and
reloaded, and the deformation was monotonically increased
until no further loading could be sustained by the specimen.
The test was carried out using the displacement-control with
a loading rate of 2 mm/minute.

2.4 Instrumentation

Fig. 6 reveals the instrumentation layout of the test
specimen. These instrumentations include a Linear Variable
Displacement Transducer (LVDT) and strain gauges. An
LVDT was employed to measure the mid-span displacement,
and the strain gauges were used to measure the strain in
structural steel, concrete slabs, and concrete columns at
different locations of the specimen to evaluate the structural
performance and the behavior of the proposed joint.
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Fig. 4 Stress-strain relationship of concrete cylinder

Fig. 5 Test set-up
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Fig. 6 Instrumentation layout

In order to measure the strains in the structural steel, 12
strain gauges were attached to the CFST beams near the
locations where high-stress levels were expected. In
addition, five and two strain gauges were employed to
measure the strains in the concrete slab and the concrete
column, respectively.

2.5 Experimental results

The vertically applied load-mid-span displacement
response of the proposed joint, is indicated in Fig. 7, and its
typical failure mode is displayed in Fig. 8. The ultimate
load of this joint was 1753 kN. It is observed in Fig. 7 that
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after reaching a load of 1753 kN, the applied load suddenly
dropped. The reason may be due to local failure. Especially,
it can be seen from Figure 8b that after the test was stopped,
outward buckling occured in the steel box beam near the
concrete column. Although the specimen was tested
symmetrically, the outward buckling that occured in the
steel box beam on the left side was much greater than that
on the right side. This may be due to the test set up. In
addition, the first crack occurred near the mid-span of the
slab bottom of the specimen at a loading of 170 kN. At the
end of the test, cracks occured around the concrete
column’s surface and propagated towards the concrete slab
edges, which followed an inclined pattern, as presented in
Fig. 8(c).

Fig. 9 shows the load-strain responses in the top and lateral
faces of the steel box beam, in the lateral faces of concrete
column, and in the bottom of the concrete slab of the
specimen. From this figure, it was proven that the strains on
the left side of the steel box beam were greater than those
on the right side. It is also noteworthy from Fig. 9 that the
strains in the steel box beam remarkably exceeded the yield
strain obtained from the tensile tests’ results. It is apparent
that there was the occurrence of the yielding of webs and
flanges of the steel box beam.

3. Finite element analysis

The commercially available software, ABAQUS (2014),
was employed to simulate the composite CFST beam —
concrete column joint. A 3D FE model was developed to
investigate the proposed joint response. The explicit method
was employed to avoid numerical convergence difficulties
and reduce the computational time, since the contacts
utilized in this joint were complicated. A general layout of
the FE model is described in Fig. 10.

3.1 Element type and mesh
In the present study, the eight-node solid elements

(C3D8R) were utilized to model the concrete slab, concrete
infill, and concrete column of the joint.
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Fig. 7 Load — displacement response of the specimen
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Fig. 8 Failure mode of the specimen

The four-node shell elements (S4R) were used to
simulate the steel box beam and steel H-beam, because this
element type is the most suitable for thin-walled steel
structures (Vu et al. 2019a, 2019b, Truong et al. 2019, Jo et
al. 2020, Kong et al. 2020, etc.). For modeling the rebar in
the concrete slab, the four-node quadrilateral surface
elements (SFM3D4) were employed to model the
longitudinal and transverse rebar using the REBAR option.
In addition, three-dimensional truss elements (T3D2) were
employed to model the diagonal rebar. Finally, rigid
elements (R3D4) were utilized to model the loading pad.

In order to obtain a suitable mesh and provide reliable
results, a sensitivity analysis was performed. Based on the
analysis results, it was revealed that a mesh size of 50 mm
was a reasonable mesh, and it was employed for all the case
studies. The FE mesh adopted for the composite joint is
presented in Fig. 11.

3.2 Material models

Regarding the concrete model, the concrete damaged
plasticity (CDP) model was used for the concrete slab and
the concrete infill, because it can capture both the cracking
and crushing failures of the concrete.
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The stress-strain curve taken from the compressive
cylinder test was utilized to simulate the concrete in
compression, which is shown in Fig. 4. To model the
concrete in tension, the stress-displacement curve was
employed to simulate the brittle behavior of the concrete
instead of the stress-strain relationship. The concrete tensile
model adopted by Kim and Nguyen (2010, 2012) was used,
and it is presented in Fig. 12. The stress-displacement
behavior of the tensile concrete was based on the cubic
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Fig. 13 General stress-strain relationship of steel material
used in this study

Bézier curve with an actual crack opening of 1mm. The
tensile damage model was taken into consideration based on
Kim and Nguyen (2010, 2012). The compressive damage
was not considered, because the failure mode achieved from
the test was due to concrete cracking.

Regarding the steel model, the bi-linear stress-strain
relationship was employed, and it is displayed in Fig. 13.
The yield strength F,, yield strain &, ultimate strength F,,
and the ultimate strain & were taken from tensile test results.

3.3 Contact and constraint conditions

To simulate the contact interaction between various
components of the proposed joint, a general contact
algorithm was employed. In the current analysis, general
contact was imposed for contact between the concrete and
the steel with a friction coefficient of 0.1 as a hard contact
option. Two contact pairs were defined in the model, which
include (1) a steel box beam and a concrete column and (2)
a concrete infill and a steel box beam. In addition, to
simulate the interaction between the concrete slab and the
reinforcing bars, an embedded constraint was employed. In
this constraint, the reinforcing bars played the role of an
embedded region, and the concrete slab played the role of a
host region in order to make a perfect bond between them.

On the other hand, the TIE constraints were employed to
simulate the interaction between the steel beams and the
concrete slab as well as between the loading pad and the
concrete column. It was noted that all the beam components
consisting of steel H-beams, end plate, steel box beams,
were assembled together.

3.4 Loading and boundary conditions

The simply supported boundary condition was imposed
on the upper face of the concrete slab at both ends based on
the test set-up. The vertically applied load was imposed on
the structure through the reference point located at the top
center of the loading pad. The displacement control method,
which had a loading rate of 2 mm/min taken from the actual
test, was employed in the model using the smooth step
amplitude available in the Abaqus/explicit.

3.5 Model verification
To demonstrate the accuracy of the developed FE model,

the results obtained from this model were compared to the
experimental results presented in Section 2. Fig. 14
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illustrates the comparison of load-displacement responses of
the ultimate load between the FEA and the experimental
results of the composite CFST beam-concrete column joint.
It was observed that a good agreement could be obtained
between the FEA and the test results. In addition, a similar
result was withdrawn from the comparison between the
FEA and the test of the composite CFST beam-steel column
joint (Eom et al. 2019) as presented in Fig. 15.

On the other hand, as illustrated in Figs. 16 and 17, the
developed FE model can also accurately predict the failure
mode for both the composite CFST beam-concrete column
and the composite CFST beam-steel column joints,
respectively. Therefore, it was concluded that the developed
FE model provided accurate results, and it can capture the
real behavior of the composite CFST beam-concrete
column joint.

4. Parametric studies

A comprehensive investigation of the effect of
parametric studies, which consisted of the steel box beam
thickness, concrete compressive strength, steel yield
strength, the reinforcement ratio, and the reinforcement
spacing in a slab, on the response of composite CFST
beam-to-concrete column joints was conducted. The FE
model validated by the test result was employed for this
investigation.

4.1 Effect of flange thickness of steel box beam

To investigate the effect of the flange thickness of the
steel box beam, various flange thicknesses were considered,
and they are presented in group 1 in Table 3. The
thicknesses of 2.26, 3.76, and 4.99 mm were the minimum
values corresponding to the slender, non-compact, and
compact flanges of the steel box, which were computed
based on the requirement of the KSCDC 2012 (2012). Fig.
18 represents the load-displacement curves of the joint
corresponding to various flange thicknesses. It was
observed from this figure that there was a significant effect
of the flange thickness on the load-displacement response of
the joint. For example, it appears in Fig. 18 that when the
flange thickness was changed from 2.26 mm (slender
flange) to 3.76 mm (non-compact flange), the percentage
increase in the ultimate load calculated was 11.45%. When
the flange thickness increased from 3.76 mm to 4.99 mm, 8§
mm, and 10mm, the ultimate load increased by 5.54%,
7.67%, and 9.23%, respectively.

4.2 Effect of web thickness of steel box beam

The influence of the web thickness of the steel box
beam on the response of the proposed joint was also
investigated by changing the web thickness, which is
illustrated in group 2 in Table 3. The minimum thicknesses
for the non-compact and compact webs of the steel box
were 3.37 mm and 5.62 mm, respectively. The load-
displacement curves of the joint with various web
thicknesses are illustrated in Fig. 19. It was observed that
the influence of the web thickness of the steel box beam on
the ultimate load of the proposed joint was small. The
maximum difference in the ultimate load was only 4.8%,
which was obtained by calculating the cases of the steel box
beam with web thicknesses of 8 mm and 10 mm.

4.3 Effect of concrete compressive strength

The effects of compressive strengths of the concrete
infill and the concrete slab on the behavior of the proposed
joint were examined. The concrete compressive strength
was changed from 30 to 80MPa, which is shown in Groups
3 and 4 in Table 3. The stress-strain relationship of the
concrete in compression with respect to various
compressive strengths was identified based on EC2 [28].

4.3.1 Effect of compressive strength of concrete slab

To determine the influence of the concrete slab
compressive strength on the behavior of the proposed joint,
the concrete infill compressive strength was fixed at 40.45
MPa, and the concrete slab compressive strength was
changed from 30 to 80 MPa. Fig. 20 reports the load-
displacement relationships for various compressive
strengths of the concrete slab. It was observed that the
concrete slab compressive strength affected the ultimate
strength of the composite joint. Especially, the ultimate
strength linearly increased with respect to an increase of the
compressive strength of the concrete slab, which is shown
in Fig. 21.
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Table 3 Geometric and material properties of composite CFST beam-to-steel column joint used in the parametric
study

g S i) oy o T B i) et o
CJ-1 500 x 2.26 370x 8 40.45 40.45 421 (560) 14N16 200
cJ-2 500 x 3.76 370x 8 40.45 40.45 421 (560) 14N16 200
1 CJ-3 500 x 4.99 370x 8 40.45 40.45 421 (560) 14N16 200
Cl-4 500 x 8 370x 8 40.45 40.45 421 (560) 14N16 200
CJ-5 500 x 10 370x 8 4045 40.45 421 (560) 14N16 200
Cl-6 500 x 10 370 x 3.37 4045 40.45 421 (560) 14N16 200
cl-7 500 x 10 370 x 5.62 40.45 40.45 421 (560) 14N16 200
2 CJ-8 500 x 10 370x 7 40.45 40.45 421 (560) 14N16 200
cJ-9 500 x 10 370x 8 40.45 40.45 421 (560) 14N16 200
CJ-10 500 x 10 370 x 10 40.45 40.45 421 (560) 14N16 200
Cl-11 500 x 10 370x 8 30 40.45 421 (560) 14N16 200
CJ-12 500 x 10 370x 8 40 40.45 421 (560) 14N16 200
3 C-13 500 x 10 370x 8 50 40.45 421 (560) 14N16 200
CJ-14 500 x 10 370x 8 60 40.45 421 (560) 14N16 200
CJ-15 500 x 10 370x 8 70 40.45 421 (560) 14N16 200
CJ-16 500 x 10 370x 8 80 40.45 421 (560) 14N16 200
CJ-17 500 x 10 370x 8 40.45 30 421 (560) 14N16 200
CJ-18 500 x 10 370x 8 40.45 50 421 (560) 14N16 200
4 CI19 500 x 10 370x 8 40.45 60 421 (560) 14N16 200
CJ-20 500x 10 370 x 8 40.45 70 421 (560) 14N16 200
cl-21 500 x 10 370 x 8 40.45 80 421 (560) 14N16 200
CJ-22 500 x 10 370 x 8 4045 40.45 235 (340) 14N16 200
5  Cl-23 500 x 10 370x 8 40.45 40.45 275 (410) 14N16 200
CJ-24 500 x 10 370x 8 40.45 40.45 355 (490) 14N16 200
CJ-25 500 x 10 370x 8 40.45 40.45 421 (560) 14N10 200
CJ-26 500 x 10 370x 8 40.45 40.45 421 (560) 14N13 200
6  Cl-27 500 x 10 370x 8 40.45 40.45 421 (560) 14N16 200
CJ-28 500 x 10 370x 8 40.45 40.45 421 (560) 14N19 200
CJ-29 500 x 10 370 x 8 4045 40.45 421 (560) 14N22 200
CJ-30 500 x 10 370 x 8 4045 40.45 421 (560) 14N16 100
7 Cl31 500 x 10 370x 8 40.45 40.45 421 (560) 14N16 150
CJ-32 500 x 10 370x 8 40.45 40.45 421 (560) 14N16 200
CJ-33 500 x 10 370x 8 40.45 40.45 421 (560) 14N16 250

CJ-34 350x 14 370x 8 40.45 40.45 421 (560) 14N16 300
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Fig. 19 Load-displacement response of the composite
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Fig. 22 Load-displacement response for the composite
joint for different compressive strengths of concrete infill

4.3.2 Effect of compressive strength of concrete infill

To investigate the effect of the concrete infill
compressive strength on the behavior of the proposed joint,
the concrete slab compressive strength was fixed at 40.45
MPa (test value), and the concrete infill compressive
strength was varied from 30 to 80 MPa. Figure 22 displays
the comparison of the load-displacement curves of the joint
with the various compressive strengths of the concrete infill.
From this figure, only a slight effect of the concrete infill on
the ultimate strength of the composite joint was observed.

4.4 Effect of yield strength of steel

The influence of the steel box beam yield strength on
the performance of the proposed joint indicated in Group 5
in Table 3 was examined. Only the yield strength of the
steel box beam was changed from 235 to 375 MPa, whereas
the yield strength of the steel-H beam was fixed. Fig. 23
represents the load-displacement responses of the joint with
various steel box yield strengths. This figure shows that the
steel beam yield strength does not have any effect on the
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initial stiffness of the joint. However, at higher loads, steel
beams with higher yield strengths exhibited higher stiffness.
In addition, the ultimate strength of the composite joint
increased by 4.7% and 14% when the yield strength of steel
beams increased from 235 MPa to 275 and 355 MPa,
respectively.

4.5 Effect of reinforcement ratio

The influence of the reinforcement ratio on the load-
displacement responses of the proposed joint is shown in
Figure 24. Six different diameters of reinforcing bars of
N10, NI13, N16, N19, and N22 corresponding to the
reinforcement ratios of 0.51, 0.87, 1.31, 1.85, and 2.49%
were taken into consideration in the parametric study. It is
apparent from this figure that there is a significant effect of
the reinforcement ratio on the load-displacement response
of the joint. However, the ultimate load of the joints only
increased slightly as the reinforcement ratio increased. For
instance, when the reinforcement ratio increased from 0.51
to 0.87, 1.31, 1.85, and 2.49%, the ultimate load of the
composite joints increased 6.8, 6.13, 5.1, and 2.51%,
respectively. It is clear that the higher the reinforcement
ratio is, the lower their effect on the ultimate load.

4.6 Effect of reinforcement spacing

The reinforcement spacing was varied from 100 mm to
300 mm, which is illustrated in Group 7 in Table 3, to
investigate the effect of spacing of reinforcing bars in slab
on the response of the proposed joint. Fig. 25 presents the
load-displacement responses of the proposed joint for the
various spacing of the reinforcing bars in a concrete slab. It
was observed that an increase in the spacing of the
reinforcing bars (up to 250 mm) leads to a significant
reduction in the load carrying capacity of the joint.
However, a further increase in the spacing of reinforcing
bars only had a slight reduction in the load carrying
capacity of the joint.
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Fig. 23 Load-displacement response of the composite
joint for different yield strengths of steel beam
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Fig. 24 Load-displacement response for the composite
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Fig. 25 Load-displacement response for composite joints
with different rebars spacing in the concrete slab

5. Conclusions

In the present work, a composite CFST beam-concrete
column joint, which is more convenient in transportation
and erection than conventionally welded joints, was
introduced. Experimental and numerical investigation of
this composite joint was performed to evaluate its
performance, which resulted in the following conclusions
listed below.

e The developed FE model can accurately predict the
response of the composite CFST beam-concrete column
joint.

e There is a significant effect of the flange thickness of
the steel box beam on the ultimate strength of the joint.

e There is a minor effect of the web thickness of the steel
box beam on the ultimate strength of the joint.

e The utilization of higher strength steel beams in the joint
leads to a higher capacity of this joint.

o Compressive strengths of the concrete infill do not have
any remarkable influence on the joint strength.
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e The ultimate strength of the joint linearly increases with
respect to an increase of the compressive strength of the
concrete slab.

e The joint strength only slightly increases as the
reinforcement ratio increases. Especially, the higher the
reinforcement ratio is, the lower their effect on the ultimate
load.

e Increasing the spacing of reinforcing bars to a certain
value can significantly reduce the ultimate strength of the
joint. However, increasing this spacing any further will only
have a slight influence on the joint strength.

e The proposed joint is sufficient and can be utilized for
construction.
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NOTATION

sy Width of steel box beam

hsbb Depth of steel box beam

Es Elastic modulus of steel

fex Cylinder compressive strength of concrete
o Compressive strength of concrete slab
e Compressive strength of concrete infill
fi Tensile strength of concrete

Fy Yield strength of steel

Fu Ultimate strength of steel

te Flange thickness of steel box beam

tw Web thickness of steel box beam

gy Yield strain of steel

€u Ultimate strain of steel

£ Strain of the peak compressive stress fx





