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ABSTRACT

ARTICLE INFO

Existing literature and practical engineering practice have comprehensively exam-
ined the behaviour of concrete-filled steel tubular (CFST) columns, CFST beams, and
their associated connection systems involving either steel or reinforced concrete
(RC) beams. Despite these advancements, limited research has focused on the direct
beam-column interaction in fully CFST-to-CFST connection configurations. The ab-
sence of established design specifications and systematic experimental evidence has
hindered the reliable adoption of such connections in structural applications. This
feasibility study addresses this knowledge gap by conducting an integrated theoret-
ical and experimental investigation into the structural performance of moment-re-
sisting connections between CFST columns—Ilocally strengthened with internal stift-
ening plates and configured with external bolted flange connections—and CFST
beams of matching geometry. To provide a meaningful benchmark, a comparable hol-
low steel column-steel beam connection with identical cross-sectional dimensions
and bolt arrangements was also evaluated. The experimental setup involved cyclic
loading tests designed to capture load-rotation behaviour, quantify flexural stiffness,
and identify critical limit states governing connection performance. Detailed meas-
urements of moment-displacement response, local deformation patterns, and strain
distribution were collected to assess connection rigidity, load-transfer mechanisms,
and potential vulnerability to local buckling. The resulting data allowed for direct
comparison between the proposed CFST-to-CFST connection configuration and the
hollow steel reference specimen, enabling a clearer understanding of the composite
action and confinement effects provided by the infilled concrete. The findings con-
tribute foundational evidence for the feasibility of those moment connections and
offer preliminary insights to support future analytical modelling, design recommen-
dations, and full-scale implementation.
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1. Introduction

Concrete has considerable compressive strength;
however, it demonstrates restricted flexural resistance
(Urtekin and Celik 2025). Conversely, structural steel
has enhanced bending capability due to its increased
modulus of elasticity. The combination of these two dis-

tinct structural elements in a Concrete-Filled Steel Tube
(CFST) system facilitates a composite action that profi-
ciently unites the benefits of both materials, yielding en-
hanced overall structural performance (ilgiin and
Sancioglu 2023). Columns and beams may be imple-
mented with CFST components. Concrete-filled steel el-
ements exhibit a high axial compressive strength due to
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the steel's ability to confine the concrete (Yildiz and Ser-
met 2025; Solak and Orhan 2023). Numerous literature
studies have been conducted on concrete-filled steel
stub columns to illustrate the cross-section effect and on
concrete-filled long steel columns to illustrate the slen-
derness effect (Kandil et al. 2025; Al-Ani 2018; Ibafez et
al. 2018; Liao et al. 2022; Na et al. 2018; Nakanishi et al.
1999; Schneider 1998). Concrete-filled steel beams ex-
hibit a high flexural strength due to the fact that the con-
crete infill either prevents or delays local buckling. The
effects of varying section widths/wall thicknesses, cross-
sections, and materials on flexural strength have been
demonstrated in literature studies (Abed etal. 2018; Chen
et al. 2018; Han et al. 2006; Hgiin and Sancioglu 2023;
Kazemzadeh Azad etal. 2021; Lu and Kennedy 1994).
Recent literature indicates an increase in studies re-
garding connections between concrete-filled steel col-
umns and steel beams, as well as those between con-
crete-filled steel columns and reinforced concrete
beams. Several of these studies are mentioned as fol-
lows; the bolted connection (internal connection) of an
H-section steel beam and a concrete-filled steel column
was examined by Ye et al. (2021). In the investigation,
they implemented two distinct categories of connec-
tions. The stiffening rib plate was passed through the col-
umn, brought to the opposite face, and welded in the first
connection. The flange plates and shear plate were
welded to the outside of the box cross-section. The rib
plates and shear plates were welded to the column face
in the second connection, while the flange plates were
passed through the column, brought to the opposite face,
and welded. Bolts were the only means of connecting the
supports to the column. The investigation was imple-
mented under both monotonic and cyclic loads condi-
tions. The rigidity classification and ductility calculations
of the connection were conducted based on the results
obtained after monotonic loading, and load-displace-
ment curves were obtained. The energy dissipation ca-
pacity of the connection was determined by obtaining
moment-rotation curves based on the results obtained
after cyclic loading. Wang et al. (2009) conducted an ex-
perimental study on a high-strength four-bolt moment-
resisting internal beam-column connection subjected to
cyclic loading. The study utilized square and rectangular
concrete-filled steel columns, as well as H-section steel
beams. The variable parameters of the experimental in-
vestigation were identified as column section type, col-
umn wall thickness, and end plate. The conducted exper-
iments examined the failure mechanism, stiffness, and
energy dissipation capacity of the beam-column connec-
tion. The experimental investigation determined that the
moment-rotation relationship satisfied the essential re-
quirements of international standards, and the strain
dissipation and energy dissipation capacities were at the
acceptable levels. The findings indicate that the high-
strength four-bolt moment-resisting beam-column con-
nection suggested in the study is suitable for application
in moment-resisting frame systems. Chen et al. (2014)
investigated the seismic performance of a through-beam
connection connecting concrete-filled steel tubular
(CFST) columns with reinforced concrete (RC) beams.
Six specimens were testing under cyclic lateral loading

to simulate seismic impacts, subsequently followed by
axial compression tests. The findings indicated that the
suggested connection had consistent hysteretic behav-
iour, excellent ductility, and significant energy dissipa-
tion capacity. Despite the decrease of stiffness and
strength with repeated loading, the overall seismic per-
formance was acceptable. The addition of a reinforcing
circular beam adequately reduced the decrease in axial
load capacity resulting from the discontinuity of the steel
tube at the connection area. Parametric and finite ele-
ment calculations demonstrated that the reinforcement
ratio and axial compressive force significantly impact
performance. The study shows that the through-beam
connection offers dependable earthquake protection
and is applicable in practical engineering with suitable
details. Qu et al. (2023) proposed an assembly connec-
tion between an H-shaped steel beam and a CFST column
and evaluated its seismic behaviour through experi-
ments and finite element modelling. Parametric analyses
showed that increasing the end-plate thickness and bolt
diameter improves both load-carrying and energy dissi-
pation capacities. The study also demonstrated effective
interaction between the connector and concrete, con-
firming the feasibility of this assembly connection for en-
gineering applications and providing a formula for its
bending capacity. Ozkili¢ (2023) investigated the behav-
iour of unstiffened extended end-plate connections in-
cluding thin plates and big bolts by experimental testing
and comprehensive numerical analysis. Six specimens
performed testing under cyclic and monotonic loads,
with end-plate thickness selected as the primary experi-
mental variable to ensure bending-controlled failure. A
thorough numerical investigation of 156 finite element
models examined the impact of geometric and connec-
tion characteristics. The findings indicate that thin end-
plates exhibit considerable ductility and strength, alt-
hough AISC 358-16 and EN1993-1-8 substantially un-
derestimate the plastic moment capacity. Experimental
and numerical capabilities exceeded code projections by
factors of up to 3.93. A novel yield-line-based formula
was introduced, decreasing the real-to-predicted mo-
ment capacity ratio to roughly 1.23-1.29, signifying sig-
nificantly enhanced accuracy. The connections between
concrete-filled steel columns and concrete-filled steel
beams were investigated by Sancioglu (2025) analyti-
cally, numerically, and experimentally. Four different
connection types were examined within the scope of the
study. To enable comparison of moment-carrying per-
formance, the same connection configurations were also
tested using hollow steel columns and hollow steel
beams. In total, eight specimens—four hollow column-
hollow beam connections and four concrete-filled col-
umn-concrete-filled beam connections—were subjected
to cyclic loading. Based on the experimental data ob-
tained from the cyclic loading tests, the stiffness, mo-
ment-rotation behaviour, load-displacement responses,
energy dissipation capacity, ductility ratios, perfor-
mance levels, and failure modes of the connections were
evaluated. The performance of each connection type was
compared both internally and against the corresponding
concrete-filled specimens. Additionally, the experi-
mental results were simulated using the finite element-
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based software ABAQUS and compared with the numer-
ical findings. The results demonstrated that the connec-
tions composed of concrete-filled steel columns and con-
crete-filled steel beams exhibited higher load-carrying
capacity than their hollow counterparts, achieved the
plastic moment capacity specified in the Turkish Steel
Structures Regulation (2018), and showed behaviour
consistent with the numerical analyses.

As abovementioned in detail, the literature reviews
and field applications involve concrete-filled steel col-
umns, concrete-filled steel beams, connections between
concrete-filled steel columns and steel beams, and con-
nections between concrete-filled steel columns and rein-
forced concrete beams. Nonetheless, there are no inves-
tigations on the connection between concrete-filled steel
columns and concrete-filled steel beams. This pre-study
aims to both theoretically and experimentally examine
the connection between concrete-filled steel columns
with stiffening plates and bolts and concrete-filled steel
beams. A hollow steel column-steel beam connection
with identical cross-sectional parameters was also ex-
amined to compare the concrete-filled steel column and
concrete-filled steel beam connections. The experi-
mental investigation provided data for the analysis of
moment-displacement curves and the failure modes of
the connection.

2. Materials and Method
2.1. Materials

The concrete utilized in the concrete-filled steel col-
umns and beams for the experimental studies was pro-
duced in the Structural Mechanics Laboratory of the Civil
Engineering Department at KTO Karatay University, ac-
cording to TS 802 (2016). Three categories of crushed
rock aggregates, specifically 0-4 mm, 4-11.2 mm, and
11.2-16 mm, were utilized in concrete manufacturing.
Portland cement 42.5 was utilized as the cementing
agent. The quantity of additives was designated as 1% of
the cement weight. The use of a resin additive resulted
in a decrease in both cement and water quantities while
preserving the water/cement ratio. Three cubic speci-
mens measuring 150x150x150 mm were extracted from
the manufactured concrete for strength evaluation. The
specimens underwent water curing for 28 days in a con-
trolled laboratory setting. The cube specimens placed in
water for 28 days performed a uniaxial compressive
strength test. A uniaxial compressive strength test was
performed using a concrete testing press with a capacity
of 2000 kN. The test loading rate was established as an
average of 0.6 MPa/s, according to the minimum and
maximum values specified in TS EN 12390-3 (2019). The
mean compressive strength of the concrete specimens
was 30.02 MPa. According to Section 12.2.3 of the Turk-
ish Steel Structures Regulation (2018), the compressive
strength of concrete used in composite members must
fall within the range of 20 MPa to 70 MPa. Therefore, the
concrete produced for this study satisfies the specified
strength requirements and is deemed suitable for use.
The steel cross-sectional dimensions of the columns and

beams used in the study were 100x100x3 mm, the col-
umn length was 1500 mm, and the beam length was
1000 mm. These dimensions were chosen due to the
cost, transportation, and testing difficulties associated
with larger column and beam sections. Considering the
actual size, the columns are 4500 mm long and the
beams are 6000 mm long. Because the internal column-
beam joint will be loaded at the centre of the column and
the centre of the beam, the test specimens were scaled at
a 1:3 ratio. Also, the wall thickness of the connection
plates was 5 mm. Three coupon test specimens from
each steel group were procured and evaluated according
to with TS EN ISO 6892-1 (2020). The structural steel
specimens performed tensile testing using a fully auto-
mated steel tensile machine with a capacity of 1000 kN.
The average yield strength of the structural steel with a
wall thickness of 3 mm was 290 MPa, whereas that of the
5 mm wall thickness structural steel was 265 MPa. Addi-
tionally, the 8 mm diameter bolts used in the connec-
tions had a yield strength of 680 MPa.

In this study, 8.8-grade and 150-mm long bolts were
used between the upper and lower surfaces of the col-
umns and beams to ensure load transfer and to address
the discontinuity of concrete in the column-beam con-
nection zone. Connection plates and rib plates were also
employed in the connections. This connection design,
which was originally developed for concrete-filled col-
umn-beam joints, was similarly applied to the steel col-
umn-beam joints to enable a direct comparison with the
hollow steel column-beam connections. Since the estab-
lished connection type was not previously defined in ex-
isting standards or codes, the limitations of the connec-
tion were determined based on the relevant criteria out-
lined in current design standards and regulations. The
hole diameters for the M8 bolts used in the study were
designed according to Table 13.8 of the principles of de-
sign, calculation, and construction of steel structures so-
called Turkish Steel Structures Regulation (2018). Ac-
cording to this table, the standard hole diameter for M16
and M24 bolts is set at 2 mm larger than the bolt diame-
ter. However, there is no specific value provided for M8
bolts. Therefore, the diameter of the holes for the M8
bolts was determined as 10 mm. Furthermore, according
to Section 13.3.6 of the same regulation, the minimum
centre-to-centre distance between standard circular
holes, denoted as s, must not be less than three times the
nominal bolt diameter, d. Based on this requirement, the
minimum bolt spacing for M8 bolts was established as
24 mm. Through this approach, the study ensured that
the connection design met the geometric and mechanical
requirements defined by national standards, while ena-
bling consistent comparison between different column-
beam configurations, including concrete-filled, steel, and
hollow steel connections. L-shaped plates were fastened
to both the top and bottom flanges of the beam using
bolts. Six rib plates were utilized in the L-shaped plates,
with three positioned on the bottom and three on the
top. The beam was fastened to the column using 12 bolts
stretching from the top flange to the bottom flange of the
column. The lower flange of the column was reinforced
by a supporting connection plate to prevent local buck-
ling during the torque of bolts. Furthermore, six holes
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were created on each side of the column and three holes
on each side of the beam to help distribute the shear
force. Shear plates, extending from the column'’s lateral
surfaces to the beam's lateral surfaces, were fastened to

these holes. The connection was established utilizing
bolts along the lateral surfaces of the column and beam.
Fig. 1 presents specifications of the L-shaped plate con-
nection and dimensions of the L-plate.

Rib Plate

Fig. 1. L-shaped plate connection.

2.2. Method
2.2.1. Theoretical study

A square steel box profile with a cross-sectional prop-
erty of 100x100x3 mm was selected as the beam section.
Thin-walled steel beams must be classified for local buck-
ling according to Turkish Steel Structures Regulation

(2018) Section 5.4. The selected beam section is in the
compact class. The bending moment strengths for the
yield limit states of compact and box-section bending
members are calculated according to Turkish Steel Struc-
tures Regulation (2018) Section 9.7.1. The bending mo-
ment strength for the yield limit state is obtained by mul-
tiplying the steel yield strength, F, by the plastic moment
of strength, Wy. The calculation formula is given in Eq. (1).
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My, = MW, (1)

A square steel box profile with a cross-sectional prop-
erty of 100x100x3 mm was selected as the beam section.
Concrete-filled steel beams must be classified for local
buckling according to Turkish Steel Structures Regula-
tion (2018) Section 12.2.4. Accordingly, the selected
beam section is classified as compact. Since the element
meets the compact cross-section condition, the charac-
teristic bending moment strength, My, was calculated ac-
cording to Eq. (2).

M, =M, (2)

According to Turkish Steel Structures Regulation
(2018) Table 12.4, M, was calculated according to Ms,
where the axial force is taken as zero. Mp is obtained
from the interaction diagram developed for composite
elements. The calculation formula for Ms is given in Eq.
(3). The nominal moment of strength for steel is given
in Eq. (4), and for concrete is given in Eq. (5). The loca-
tion of the neutral axis is given in Eq. (6). The value of
the moment at point D in the interaction diagram devel-
oped for composite elements is calculated using Eq. (7).
The moment of strength of the concrete within the box
section is calculated using Eq. (8). To generate moment-
displacement graphs, the load and displacement data
obtained from the experimental study must be con-
verted into moment and displacement values. Accord-
ingly, moment values, M, were obtained by multiplying
the load values given at the beam end, P, by the beam
length, L (Fig. 2(c)). The calculation method is given in

Eq. (9).

My = Mp = Wy Fy = Won (085 f) 3)
Wep =2+t h3 4)
W,, = b; - h2 (5)

N ] < ©)
Mp = Wy - F, + =W, (0.85 - f10) (7)
w, =" 019257 8)

W, = Plastic strength moment of box cross-section ac-
cording to x-axis

M=P-L 9)

2.2.2. Experimental study

The experimental setup was established in the Struc-
tural Mechanics Laboratory of the Civil Engineering De-
partment of the Faculty of Engineering and Natural Sci-

ences at KTO Karatay University. The experimental
setup will utilize hydraulic jacks with 300 and 600 kN
load capacities for load application, load cells with 300
and 600 kN capacities for load measurement, linear var-
iable displacement meters (LVDTs) for measuring dis-
placements at column midpoints, beam top endpoint dis-
placements, and beam bottom endpoint displacements.
A 2x8-channel static data logger device will be used to
collect data during the experiment. The experimental
setup is shown in Figs. 2(a) and Fig. 2(b), while the mo-
ment-displacement relationship is illustrated in Fig. 2(c).

A review of literature studies reveals that in column-
beam connection tests, the columns are subjected to an
axial load corresponding to a certain percentage (25-
30%) of their axial load-carrying capacity (Ye et al.
2021). In the test, the columns were subjected to an axial
load corresponding to approximately 25% of the
column's axial load-carrying capacity. This value was ap-
proximately 75 kN for hollow specimens and 120 kN for
concrete-filled specimens. Cyclic loading was applied us-
ing a hydraulic press attached to the beam end. Loading
was performed using displacement control according to
the values recommended in FEMA-350 Section 3.9.1. The
displacement-controlled loading protocol prepared ac-
cording to FEMA-350 (2000) Section 3.9.1 is shown in
Fig. 3.

3. Results and Discussion
3.1. Moment-displacement curves

The cyclic loading test was conducted to investigate
the hysteretic behaviour and deformation characteris-
tics of both hollow and concrete-filled beam specimens
at their connection regions. During the initial twenty-
eight loading cycles, the analysis of moment and dis-
placement values indicated that the connection re-
mained entirely within the elastic range. In this phase,
the applied load was fully recoverable upon unloading,
and no residual deformation was detected in either the
beam or the column. This behaviour confirmed that both
materials exhibited a stable elastic response under cyclic
loading and unloading conditions. The structural integ-
rity of the connection was thus maintained during the
early cycles. After the twenty-eighth cycle, when the dis-
placementreached -30 mm, local buckling was observed
in the connection plate. The onset of local buckling oc-
curred as the actuator reversed from the -30 mm dis-
placement, at which point the moment dropped to zero.
This sudden loss of load-carrying capacity signified a
transition from the elastic to the plastic domain, where
the connection began to experience permanent defor-
mation. The formation of local buckling indicated the in-
itiation of instability within the connection plate, which
served as the primary locus of inelastic behaviour. De-
spite this, no permanent deformation was observed in
the main body of the beam or column, implying that the
damage was localized rather than global. Following the
occurrence of local buckling, the moment-displacement
behaviour exhibited a clear asymmetry.
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Fig. 2. Details of the experimental test setup.

The moments corresponding to equal displacements
in the positive and negative directions differed, reflect-
ing the degradation in stiffness and strength in the buck-
ling direction. Such asymmetry is a characteristic feature
of cyclic degradation, where the accumulation of plastic
strains alters the structural response during subsequent
moment reversals. For the hollow specimen, the maxi-
mum positive moment was recorded as 3.74 kNm at a
displacement of 67.98 mm, while the maximum negative
moment reached 5.01 kNm at 68.82 mm displacement.
The discrepancy between these values was attributed to
local buckling at the connection region, which reduced
the moment-carrying capacity in the direction of defor-

mation. This indicates that the hollow section exhibited
a progressive stiffness reduction once local instability
developed. Nevertheless, no permanent deformation or
visible damage was detected in the column or beam, con-
firming that the failure mechanism was confined to the
connection plate. In contrast, the concrete-filled speci-
men demonstrated a significantly improved perfor-
mance.

The maximum positive moment reached 6.33 kNm at
a displacement of 70.53 mm, and the maximum negative
moment was 6.39 kNm at 72.28 mm displacement. The
near-symmetry of these values suggests that local buck-
ling in the concrete-filled specimen occurred simultane-
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ously in both directions after the maximum moment had
been attained. The concrete infill delayed the onset of lo-
cal buckling and contributed to a more uniform and sta-
ble hysteretic response. Moreover, the presence of con-
crete enhanced the stiffness and energy dissipation ca-
pacity of the specimen by providing lateral confinement
and delaying instability in the steel plate. When the per-
formance of the two specimens is compared, the con-
crete-filled beam exhibited a 1.69 times higher moment
capacity in the positive direction and 1.28 times higher
in the negative direction compared to the hollow speci-
men (Table 1). This considerable improvement in
strength and deformation capacity can be attributed to

the composite action between the steel section and the
concrete core. The infill effectively stabilized the local
plate buckle and increased the ductility of the system un-
der cyclic loading. As illustrated in Fig. 4, the moment-
displacement curves of both specimens reveal distinct
hysteresis loops. The hollow specimen showed a rapid
reduction in stiffness and moment capacity following
buckling, whereas the concrete-filled specimen main-
tained a stable response with wider hysteresis loops, in-
dicating superior energy absorption. These findings con-
firm that concrete infill plays a critical role in enhancing
both the ductility and cyclic load resistance of steel beam
connections subjected to repeated lateral loading.
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Table 1. Comparison between theoretical and experimental results.

Theoretical results

Experimental results Experimental / Theoretical

Positive Negative Positive Negative
maximum maximum maximum maximum Positive Negative
moment (kNm) moment (kNm) moment (kNm) moment (kNm)
Hollow 11.98 11.98 3.74 5.01 0.31 0.42
Concrete-Filled 13.35 13.35 6.33 6.39 0.47 0.48

3.2. Failure modes

Experimental observations revealed significant local
buckling behaviour in both hollow and concrete-filled
beam-column connection specimens. In the case of the
hollow specimens, local buckling was observed at the
connection plates on both the front and back sides of the
specimens. This behaviour was primarily attributed to
the interaction between the beam and the column during
the moment transfer process. As the beam deformed un-
der increasing moment, the column attempted to rotate
at the joint, generating localized compressive stresses
that exceeded the elastic limit of the connecting plates,
thereby initiating local buckling. In the hollow speci-
mens, the onset of local buckling was strongly influenced
by the insufficient stiffness of the connection plates and
the failure of the bolted joints in the near of the buckled
region. These deficiencies caused the plates to lose their
elastic response and undergo plastic deformation, signif-
icantly reducing the connection stiffness. Consequently,
the beam was unable to attain its theoretical moment-
bearing capacity, and no local buckling was observed in
either the beam or the column members themselves. In-
stead, the failure was concentrated in the connection re-
gion, leading to premature failure before the beam could
reach its full moment-carrying capacity.

This observation clearly indicates that the connection
stiffness and detailing play a critical role in the overall
structural response and moment-transfer efficiency of
such assemblies. Conversely, in the concrete-filled spec-
imens, local buckling was again observed in the connec-
tion plates at both the front and back sides. The mecha-
nism of buckling formation was similar to that in the hol-
low specimens: interaction between the beam and col-
umn during moment transfer induced rotational move-
ment and local compressive stresses in the connection
region. However, the onset of buckling occurred at a
later stage in the concrete-filled specimens compared to
the hollow ones. This delay is attributed to the increased
stiffness and confinement effect provided by the infilled
concrete, which enhanced the local stability of the steel
components and delayed the transition from elastic to
plastic behaviour. Despite this improvement, the ab-
sence of bolted connections in the region where buckling
developed, together with the insufficient thickness of the
stiffening plates, caused the connection plates to lose
elasticity and enter a plastic state. As a result, the beam
again failed to achieve its full moment-carrying capacity,
and no local buckling was observed in either the beam or
the column. The failure mechanism was dominated by
the local buckling and plastic deformation occurring at

the connection, which hindered proper moment transfer
and resulted in partial system failure. Although both
specimen types of experienced connection failure due to
local buckling, the delayed occurrence in the concrete-
filled specimens indicates a superior energy absorption
and ductility capacity characteristic of composite ele-
ments. The concrete infill increased the confinement of
the steel section, thereby improving its resistance to lo-
cal instability. Nevertheless, since the observed buckling
occurred mainly in the connection region rather than
along the beam itself, the connection configuration re-
mained the weak point of the system. This suggests that
the global performance of the structure was limited by
the local instability of the joint region, rather than by the
strength of the beam or column members. In summary,
the experimental findings emphasize the necessity of im-
proving connection stiffness, plate thickness, and bolt ar-
rangement in order to delay or prevent local buckling
and enhance moment transfer efficiency.

Although concrete-filled specimens demonstrated
better performance through delayed buckling and im-
proved stability, both connection types ultimately failed
due to insufficient local strength in the connecting plates.
Future designs should therefore focus on optimizing
connection geometry and employing adequately stiff-
ened connection plates to achieve higher moment-carry-
ing capacity and greater structural resilience. Figs. 5(a)
and 5(b) illustrate the failure modes observed in the con-
nections of the hollow specimens after cyclic loading,
showing the front and back faces, respectively. Figs. 5(c)
and 5(d) present the corresponding failure modes for
the concrete-filled specimens, also showing the front and
back faces.

4. Conclusions

In this study, the connection between concrete-filled
steel columns with stiffening plates and bolts and con-
crete-filled steel beams was investigated with theoreti-
cal studies and experimental tests. A total of two speci-
mens were tested experimentally, one hollow test speci-
men and the other concrete-filled test specimen. Experi-
mental results were compared with theoretical results
obtained from code. The main results obtained from test-
ing a limited number of test elements are listed below as
so-called bullet points:

e Experimental data demonstrated that concrete-filled
specimens had a significantly higher moment-carry-
ing capacity compared to hollow specimens. This sug-
gests that the concrete infill enhances the rigidity of
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the connection components and encourages a more
uniform stress distribution inside the cross-section.
The concrete infill enhances stability in the connect-
ing area by delaying local buckling.

Upon comparing the theoretical analysis results with
the results of the experiment, it was concluded that
the investigated connection type can transmit a par-
ticular amount of moment; however, this transmis-
sion is inadequate for the design requirements. The
connection geometry and weld specifications are be-
lieved to impose a constraint on the moment-carrying
capacity.

Moreover, it was determined that if the connection
were utilized in its existing configuration, local buck-

(c) Concrete-filled connection (front)

ling in the beam would occur in the connection region
prior to the achievement of the beam's moment ca-
pacity. This suggests that the connection element
demonstrates behaviour that may adversely impact
its moment-bearing capacity and result in premature
system failure. Consequently, it was determined that
the connection specifications require enhancement,
and supplementary measures must be implemented
to augment the moment-carrying capability.

Future research seeks to duplicate the stiffening plate
by increasing its size, modifying the concrete infill class,
varying the steel cross-sections, varying the dimensions
of the connection parts, varying the bolt class, and exper-
imenting with other connection types.

(d) Concrete-filled connection (back)

Fig. 5. Failure modes in the connections of the hollow specimens after cyclic loading.
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