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Abstract Concrete filled steel tubes (CFST) are widely used in engineering structures due to their high strength,

ductility, and flexibility and also their easy construction and good economic aspect. Using the connection plates with
the blind bolts in these systems can reduce the issue of weld breakage and considerably increase the seismic
performance of rigid structures. This research examines and models a new semi-clamped beam to column
connection using the finite element method. The main features of this connection are the use of an end plate that
connects the beam to the column flange. The numerical analysis of the seismic behavior and failure modes of CFST
members that have blind bolts with a semi-rigid connection (bolted with threaded rods) have been studied with the
Abaqus software. This examination showed that using double bearing plates and thicker covering plate can be useful
in improving the seismic performance of the connection up to 20 percent.
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1. Introduction
The CFST columns are used in braced structures or
moment frame by using cold rolled sections. CFST
columns are constructed from plates welded to each other,
and the tubes are used in high rise structures having
cylindrical columns. In many countries such as Japan,
these columns are used in bridge piers and piers of the
port breakwater. CFSTs have high strength against
vibration and display good strength against one-way
bending along with axial load [1,2,3,4].
This box is very suitable for high rise buildings
considering their low cost of construction. Therefore,
using high-strength concrete in these boxes makes them a
better choice compared to reinforced concrete columns in
terms of both cost and strength [5].
The response of CFST columns to the earthquake forces
in the hysteresis diagram shows a considerable energy
absorption by these columns. Notably, for CFST columns
in which the concrete provides the main strength the
stiffness reduction is observed. While this decreasing
trend should be gradual and intermediate for normal
materials. The main goals of this research are columns
which are completely filled with concrete [1,6].
Several studies have been done to increase the strength.
These investigations revealed that a reasonable connection

could be created between the beam, steel box, and the
concrete inside the column steel box by using long or
threaded bolts [7,8].

Figure 1. Bolt

Studies also revealed that the optimal number of bolts
in a column is 2 and near the column corners.
When bolted connections and filled steel tubes are
used as columns, blind bolts can be used instead of
normal structural bolts to avoid the need to the access
to the inside of the tubes for tightening the bolt
[9,10].
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shank length inside the concrete and by putting another
nut at the other end of bolt shank. Another progress here
for reaching the highest possible tensile strength in these
types of fastened connections is made by installing
another extra head in the middle of the bolt shank moment
which is called the first embedded head [11].

2. Validation
2.1. Description of an Experiment Conducted
by Lee et al.

Figure 2. Two sample bolts with different heads

In order to obtain a strong and powerful connection,
bolts have been previously modified by increasing its

In this investigation, the seismic behavior of steel beam
connection to the concrete column embedded in the steel
box is evaluated. The tensile behavior of the connection
under study is evaluated and validated in this test.
Totally, three T-shaped specimens were tested which
are described in the following. The specimen details are
illustrated in Figure 3. All the specimens were steel
columns filled with concrete. The steel column section
was 150 × 150 × 6mm. A steel plate is connected to a steel
column by four bolts which bear the tensile force.

Figure 3. Specimens Description

Figure 4. Location of bolts
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Table 1. Specimen properties
Product
Code

Bolt
Size

HB16-1

M16

HB16-2

M16

HB16-3

M16

HB20-1

M20

HB20-2

M20

HB20-3

M20

Bolt
Diameter
D1
16

20

Clamping
Thickness
Range (W)
12-29

Length
(L)
41.5

29-50

63

50-71

84

12-34

50

34-60

76

60-68

102

Sleeve
Outer
Diameter (D2)
27.75

32.75

As can be seen, the column length is the distance
between two supports which is equal to 1400 millimeters.
The geometric dimensions and properties of the modelled
bolts are presented in Table 1.

Heigh
t (t1)
8

10

Collar
Outer
Diameter
27.75

32.75

Clamping
Thickness (t2)

Solid Cone
Thickness
(D3)

a

L-t2

a

L-t2

a

L-t2

a

L-t2

a

L-t2

a

L-t2

Cone
angle/slope

15

15

ultimate strength of the modelled specimens were
extremely close to those of the experimental specimens.
Moreover, the uniform responses of the finite element
specimens are presented in the following.

Figure 5. Parts of the bolt

The hydraulic jack above the beam imposes an axial
force equal to 1000 KN during the test [12]. The steel
strength properties and the concrete compressive strength
are presented in the following table, respectively.

Figure 6. CJM1-4 specimen response from the experimental results

Table 2. Steel material properties
Item

f y ( MPa )
E0 ( MPa )

Beam

Bolt

500

640

200000

200000

The analysis results were compared to the experimental
results to evaluate the finite element model. The beam
shear response diagrams are illustrated in Figure 6. The
comparison between analysis results and test results
reveals that they have a good agreement in shear response
versus the beam end displacement during the whole
loading until the failure. The initial stiffness and the

Figure 7. CJM1-4 specimen response from the finite element results
compared to the experimental results

Figure 8. Specimen CJM1-4 deformed response from the finite element results compared to the experimental results
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2.2. Finite Element Modelling
2.2.1. Specimen Common Parts Modelling
The model geometry for all the specimens has
components such as steel column, steel beam, other steel
components, and rigid supports and the loading is
separately applied in the software as presented in Figure 9,
and finally, by assembling these components, the whole
specimen is completely constructed in the software
environment. Since constraints and interactions between
components have considerable effects on the analysis
results they were precisely applied.
As can be seen from the above figure the bolts were
modelled as rectangular after being simplified to facilitate
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the meshing and avoid any irregular elements in the finite
element model and prevent the stress concentration.
The concrete columns are modelled by 3D elements
which are, in fact, 8-node elements used for nonlinear
analysis including contact between two objects, large
deformation, plasticity and fracture. Steel beams and other
attached components are meshed using C3D8R elements
as illustrated in Figure 10. The support rigid plates are
modelled as Rigid Body constraint which constrains the
movements of a plate to a point like a rigid plate so the
load can be applied to this reference point. The element
dimensions are 20 millimeters in all sections but are
considered to be 5 millimeters for bolts and connection
plate (Figure 10 and Figure 11).

Figure 9. Different connection components in the FE model

Figure 10. Elements of column, bolt and connection plate
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Figure 11. Close-up view of steel parts meshing

2.2.2. Interaction and Constraint Conditions
between Different Components
The Surface-to-Surface constraint was used where the
steel and concrete were in contact having the friction
coefficient of 0.25 which is illustrated in Figure 12.
Moreover, Rigid Body constraint was used for the
connection between the support plates and the column
which binds all the degrees of freedom of the column
plates to the rigid plates. [13,14] A reference point was
also defined for the rigid plates the degrees of freedom of
which are affected by this point. When a Tie constraint is
defined, and two surfaces are attached one of them should
be defined as the Master surface, and the other one should
be defined as the Slave surface. According to the software
guide, the salve surface should be the surface with softer
material and smaller elements compared to those of the
Master surface. Therefore, when this constraint is used,
the displacements of the Slave surface points are obtained
from the displacements of the Master surface points, and
the relative slip between these two surfaces is neglected
[15,16].

Figure 12. Defining Rigid Body constraint and the reference point in the
FE model

2.2.3. Boundary Condition
The two ends of the steel column in the tests are simply
supported. Thus, all its translational degrees of freedom
are locked in the software. This boundary condition is
indeed applied to the reference point of the rigid plate
which affects the movements of other nodes. In the
laboratory tests, a hydraulic exciter keeps the column in its
present situation before the test initiation and allows it to
rotate only in the plane [17,18,19,20].
2.2.4. Finite Element Model and Element Meshing
The concrete column is modelled by 3D elements
which are, in fact, 8-node elements used for nonlinear
analysis including contact between two objects, large
deformation, plasticity and fracture. Steel beams and other
attached components are meshed using C3D8R elements
as illustrated in Figure 13. Moreover, to reduce the
computation time big elements were used in most areas
while smaller elements were used in connection zones.
The element dimensions were set to 18 mm. The bolts
meshed with the dimension of 5 millimeters.

Figure 13. Finite element model meshing
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The nonlinear static analysis (static general) was used
to analyze the model considering the nonlinear geometric
and material effects. The model analyzed in two steps
wherein the first step, the gravity load was applied to the
column, and in the second step, the lateral displacement
applied to the tip of the column.
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The interaction between the steel and concrete parts
in the connection zone was considered by defining
Tangential Behavior contact elements and the Penalty
method with the friction coefficient of 0.3. The Normal
Behavior contact elements with Hard Contact were
defined in the connection zone to prevent the steel and
concrete parts from penetrating each other. All the contact
properties in the above are determined by General Contact
for the software so that by defining this contact element,
the software assigns the specified properties to all the
concrete and steel surfaces which are in contact with each
other.
2.2.5. Examining the Finite Element Analysis Results

Figure 14. Bolt to concrete column connection zones embedded in the
steel box

In the beginning, the finite element specimen S1 was
tested and validated to ensure that the intended specimen
is correctly modelled and the assumed parameters have
reasonable values and it was observed that the finite
element results and the laboratory results are in good
agreement with each other.

Figure 15. Force versus displacement applied to the middle of the column in the laboratory model

Figure 16. The comparison between the force and the displacement applied to the middle of the column in the FE and laboratory models
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As can be seen from Figure 15 and Figure 16, the
numerical analysis results and the laboratory results match
and display similar and stable behavior.
Figure 17 shows the end of the test for specimens S1.
As (Figure 18) can be observed, the connection plate has
detached from the steel column by nearly 7 millimeters in
the middle, and this detachment decreases by moving
away from the middle and is entirely symmetrical.

2.2.6. Stress Distribution in the Steel Plate
Almost 35 millimeters of the middle of the web steel
plate reaches the yield stress in the displacement and more
areas of the plate gradually achieve the yield stress by
increasing the displacement. Figure 19 shows the stress
distribution trend in the steel connection plate in the
connection zone.

Figure 17. Deformed bolt location in the laboratory model and FE model

Figure 18. Deformed connection plate and the bolt location in the FE model

Figure 19. Stress distribution in the connection plate
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2.2.7. Stress Distribution in Bolts
Almost 35 millimeters of the middle of the web steel
plate reaches the yield stress in the displacement and more
areas of the plate gradually achieve the yield stress by
increasing the displacement. Bolts bear higher stresses
which can be seen in the figure below. These stresses were
maximum in those sections of bolts which were between
the connection plate and the column plate.

Figure 20. Stress distribution in the bolts

2.2.8. Examining the Connection Plate Thickness
Effect
As can be seen from the below diagram, increasing the
thickness of the connection plate can considerably
increase the connection strength. Three different values
were considered for the connection thickness in this study.
These values are 10 millimeters, 20 millimeters and
connection plate with high strength. It can be seen that the
small variation in the plate thickness had no notable effect
on the initial stiffness but increased the ultimate strength.
But by increasing the stiffness of the connection plate by
several times, the initial stiffness will also be increased.
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and geometry and also the bolt configuration can have
significant effects on the connection behavior. Various
models with diverse dimensions and geometry were
modelled and assessed in this research using the threedimensional finite element model the results of which
were compared to each other and are summarized in the
following.
 By comparing the analysis and the laboratory
results, it was found that the shear responses against
the displacement of the beam’s end are in good
agreement during the whole loading until the failure.
The initial stiffness and the ultimate strength of the
modelled specimens were extremely close to those
of the laboratory specimens.
 Almost 35 millimeters of the middle of the web
steel plate reaches the yield stress in the
displacement and more areas of the plate gradually
achieve the yield stress by increasing the
displacement. Meanwhile, bolts bear higher stresses,
and these stresses were maximum in those sections
of bolts which were between the connection plate
and the column plate.
 As it was found, increasing the connection plate
thickness considerably increases the connection
strength. Three different values were considered for
the connection thickness in this study. These values
are 10 millimeters, 20 millimeters and a connection
plate with high strength. It can be seen that the
small variation in the plate thickness has no notable
effect on the initial stiffness but increases the
ultimate strength. But by increasing the stiffness of
the connection plate by several times, the initial
stiffness will also be increased.
 Based on the diagrams, one can say that increasing
the plate thickness leads to an increase in the initial
stiffness and the stability of the connection.
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