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Abstract

The aim of this paper is to investigate the effects of non-dimensional geometric parameters on stress concentration factors
(SCFs) of circular hollow section CHS brace-to-H-shaped section T-connections under axial compression. This type of
welded joints is used increasingly in steel construction. However, its fatigue design is not covered by codes, and its fatigue
strength has not been given the deserved attention by researchers. This research, however, bridges the gab on SCFs in this
type of welded connections when being loaded in axial compression. here, parametric study based on the numerical analysis
was performed to evaluate the effect of CHS brace diameter to H-shaped chord flange width ratio (), H-shaped chord
flange width to thickness ratio (2y) and CHS brace thickness to H-shaped chord flange thickness ratio ( T ) on SCFs in the
brace and the chord of the connection. Based on practical considerations, the validity range of these parameters was 0.3 <
B <0.7,16 <2y <30and0.2 < t < 0.1. Three-dimensional finite element (FE) study using commercial software
ABAQUS was performed to study the hot spot stress distribution and hence SCFs in this type of welded joints. To begin
with, the results of FEM were verified against available experimental data and good agreement was achieved. Afterwards,
48 joints were modeled in Abaqus to study the effect of geometrical parameter on SCFs in brace and chord. Based on the
results of this extensive study, the effect of geometrical parameters was revealed. The paper, thus, shows that whilst 3
increases, SCFs in the brace and chord increases. Moreover, increasing the parameter 2y results in an increase in SCFs in
the two members. However, the change in t has no significant effect on the SCFs in the brace or the chord. Values of SCFs
are found to be between 2 and 7.
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1. Introduction

Steel hollow sections are being extensively used in steel construction due to their excellent performance. They are
widely used in many engineering applications like power transmission columns, bridge engineering, industrial buildings
and offshore structures [1]. In addition to their good structural behaviour, they have attractive aesthetic appearance.
Specific type of welded joints is formed by welding circular hollow section (CHS) brace-to-H-shaped chord as shown
in Figure 1. The use of such members is being increasingly used in steel construction because it has many advantages
over the conventional CHS-to-CHS sections. For example, the use of H-shaped chord would provide flat surface so that
purlins and sheeting could be properly installed. Moreover, the fabrication efforts are much lower in this type of
connections because of flat plane provided by the flange of the H-shaped chord.
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Figure 1. CHS brace to H-section chord joint [23]

The fatigue failure of welded joints is considered as a main concern in steel structures, especially when joints are
being subjected to repetitive or cyclic loadings like seismic or wind loadings. Fatigue failure need not necessarily to be
caused by large loadings, however, it can be initiated by repetitive applications of small loads. Therefore, it is very
important to study the fatigue performance of welded joints for proper design. The fatigue design of such joints is not
governed by their static design. Yet, there are many methods used to study fatigue behaviour of welded joints; on of
which is the hot spot stress method (presented briefly in section 3) is the most commonly used one. The fatigue life of
welded joint is related to the stress concentration around at the intersection of brace and chord. Initiation of cracks due
to repetitive loadings is caused by hot spot stresses (or geometrical stresses) that are caused by the presence of
geometrical discontinuities like weld toe. Therefore, fatigue cracks is always initiated around the weld toe of the brace
or chord of a joint.

A review of the available literature reveals that extensive research studies have been done so far on the fatigue failure
of different types of welded joints with different configurations. For example, Ummenhofer et al. [2] conducted
experimental studies to investigate the extension of the fatigue life of existing and new welded hollow section joints.
Also, Feng and Young [3] proposed parametric equations based on experimental and numerical studies to describe SCFs
in the brace and chord of the cold-formed stainless-steel tubular X-joints. The fatigue behaviour of CHS-to-RHS T-
joints under both axial loading and in-plane bending have also been studied experimentally by Bian and Lim [4].
Parametric formulas to describe SCFs for the fatigue analysis of K-joints have been proposed by Ahmadi and Asoodeh
[5] as a result of comprehensive study performed using finite element method (FEM). Furthermore, Ahmadi and
Lotfollahi-Yaghin [6] have analyzed KT-joints using FEM to study SCFs due to in-plane bending loads. New types of
welded joints like square bird-beak and diamond bird-beak SHS-to-SHS joints were also investigated both
experimentally and numerically [7-12]. Because of the many benefits gained by the combined action of steel and
concrete, concrete filled tubes CFT have been increasingly used in many engineering applications [13-15]. Numerous
studies have demonstrated the effectiveness of using concrete-filled members in reducing stress concentrations and
enhancing the fatigue life of welded joints [16-21]. The static strength of CHS brace-to-H-shaped chord X-joints under
in-plane bending was studied by Feng et al. [22]. Moreover, the static strength of CHS brace-to-H-shaped chord T-joints
was investigated by Feng et al. [23].

The results of the above mentioned research reveal that no research studies have been conducted on the fatigue
behaviour of CHS brace-to-H-shaped chord joints under axial compression. While there is a limited research available
on the static behaviour of such joints under axial compression and in-plane bending [22-23], these studies were not
performed to study SCFs or the fatigue behaviour. They were only directed toward the assessment of the joint static
strength. So, up to the author’s knowledge, no experimental or numerical studies have been done so far to evaluate SCFs
in CHS-to-H-shaped joints under axial compression. Therefore, this finite element study seeks to determine SCFs in the
brace and the chord. To ensure the safety of steel structures which contains such joints, SCFs need to be accurately
reported to design against fatigue failure. It is not practical to do experiments which are time and cost consuming by
designers. As such, extensive numerical study has been performed in this paper to determine SCFs so that results could
be used by engineers to design against fatigue damage. The results obtained in the research will help in determining hot
spot stresses which will be used with S-N curves to predict the fatigue life of the welded joint.

2. Research Methodology

The following points illustrate the methodology | followed throughout doing this research:

1. The experimental fatigue behaviour of circular hollow section CHS brace-to-H-shaped brace T-connections
under axial compression is not well established in literature and there are no experimental data available on
SCFs in CHS brace or H-shaped chord for this type of connections. So, to verify finite element models prepared
in Abaqus, similar welded joints available in literature have been modelled and analysed in Abaqus and good
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agreement was achieved. The details of verification models and the corresponding experiments are presented in
section 4.5.

2. Afterwards, finite element models for the CHS brace-to-H-shaped chord T-connection under axial compression
were prepared in Abaqus. The details of the FE models are clearly shown in section 4. Steel material properties
are 200 GPa and 0.3 for the Young’s modulus and Poisson’s ratio, respectively. Moreover, linear elastic analysis
was considered based on recommendations from previous research. The element type and extrapolation method
for extraction of FE results are well-demonstrated in sections 4.1 and 4.2.

3. Parametric study was performed where 48 joints were considered to account for the effect of the non-
dimensional geometric parameters on SCFs in brace and chord. The parameters considered are: CHS brace
diameter to H-shaped chord flange width ratio (B), H-shaped chord flange width to thickness ratio (2y) and CHS
brace thickness to H-shaped chord flange thickness ratio (1).

4. Results were tabulated and the relationships between each parameter and SCFs were drawn and presented in
section 5.

3. Hot Spot Stress Method

The hot spot stress method is the most commonly used method to design fatigue life in welded joints. SCF is defined
as the ratio of hot spot stress to nominal stress. Owing to the geometrical discontinuities near the weld bead, nominal
stresses are usually magnified. It is believed that geometrical configuration of a joint greatly affects stress distribution
and hence SCFs in welded joints. Many factors like depth, width and thicknesses of the chord and brace, besides the
weld size, seriously affect SCFs. For the ease and effectiveness of doing parametric studies, such factors are usually
expressed in terms of non-dimensional geometric parameters. The main parameters considered in this study are the brace
diameter to the cord width (B), the chord width to its thickness (2y), and the brace to the chord thicknesses ratio (t). The
details of the parametric study performed in current paper are presented in section 4.

4. Finite Element Analysis

Stress concentration factors (SCFs) are usually investigated both experimentally and numerically. However, due to
time and expensive costs of doing experiments, the finite element method (FEM) represents a powerful numerical
method that can be successfully used to evaluate SCFs in various types of welded joints. The commercial general-
purpose finite element software ABAQUS [24] has been employed in the current study to examine the effects of non-
dimensional parameters on SCFs in the chord and the brace.
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Figure 2. Mesh refinement around the weld bead

4.1. Element Type and Mesh Size

The element type, integration scheme and mesh refinement have great impact on SCFs around the weld bead. The
connection has been partitioned in ABAQUS to allow the use of three-dimensional 20-noded quadratic solid elements
with reduced integration scheme 2 x 2 x 2 (C3D20R). The use of C3D20R elements was shown to be the best element
type for SCFs determination in welded joints [25].

Mesh refinement is adopted at the intersection between the CHS brace and the H-shaped chord for accurate
prediction of stress variations. Besides, three layers of solid elements were provided through the thickness of the upper
flange of the chord and the thickness of the brace (see Figure 2).
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4.2. Material Properties and Analysis Type

Linear elastic analysis is used since it was shown that the use of such analysis gives accurate results for SCFs in steel
welded joints [5, 26-27]. Young’s modulus and Poisson’s ratio were set to 200 GPa and 0.3, respectively for all elements
of the connection including weld bead.

4.3. Loading and Boundary Conditions

Since the study aims at investigating SCFs under axial compressive loading, compressive pressure of 1 MPa is
applied to the CHS brace. The application 1 MPa is chosen so that hominal stress is 1 MPa and hence SCF at a node
equals the hot spot stress at that location. Pinned boundary condition is assigned at both ends of the H-shaped chord
member as shown in Figure 3.

1 MPa pressure to produce
1 MPa nominal stress

Pinned boundary
condition

Figure 3. Axial compressive load of 1 MPa applied at the CHS brace. Pinned boundary conditions applied at the two ends of
the H-shaped chord

4.4, Extraction of SCFs from FEM models

Stresses perpendicular to weld toe are considered as the hot spot stresses based on the work and recommendations
of many researchers [22, 25, 28]. Due to the presence of weld toe, stresses are being largely magnified. To exclude stress
concentration due to welding fabrications and local weld toe, design codes like CIDECT [29] recommends extrapolation
procedures for extraction of SCFs. Two methods are recommended for extrapolation; linear and quadratic. The latter
one is recommended for square hollow sections SHS and rectangular hollow RHS sections because of strong nonlinear
stress variation. On the other hand, linear extrapolation is recommended for CHS. In this study, quadratic extrapolation
is adopted for getting SCFs. Figure 4 presents extrapolation distances recommended by CIDECT for extrapolation. For
quadratic extrapolation, the first value is recommended to be 0.4t from the weld toe but not less than 4 mm and the final
point is 1.0t measured from the first point.

\

0.4t

but = 4mm Quadratic Extrapolation
) T 1.0¢ i
Linear |
. |
. Extrapolation |
Quadratic -
AN 0.61

Linear

Weld Toe

Distance from Weld Toe

Figure 4. Methods of extrapolation from the weld toe [3]
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4.5. Verification of Finite Element Model

Literature review presented in the introduction reveals that no experimental results are available on SCFs in CHS
brace-to-H-shaped joints under axial compression. Therefore, verification of FE modelling is made by a comparison
with SCFs from experiments available in literature on similar welded joints. The details and the development of FE
verification models are presented in [30], however, a brief description is presented here for completeness. Ten joints
(one CHS-to-CHS joint, one CHS-to-RHS joint and eight RHS-to-RHS joints) were modelled using ABAQUS for
verification. The details of the experimental procedures of CHS-to-CHS, CHS-to-RHS and RHS-to-RHS joints are
presented in [2] and [4] and [25], respectively. FE models for these joints are presented in Figures 5, 6 and 7. A refined
mesh is used around the weld. Figure 8 [30] presents the results of the mesh sensitivity study performed to select the
best element size when doing FE analysis in Abaqus. This study was performed for the CHS-to-CHS joint and it was
shown that choosing element size of around 3 mm or a smaller size would result in acceptable values of SCFs with an
error percent less than 7%. It is important to note that all modelling procedures and method of analysis used for the
verification models are exactly as those outlined in finite element analysis (section 3). Table 1 presents a comparison
between FE SCFs and experimental SFCs for all models considered for verification. It can be seen from Table 1 that the
results of FE models are in good agreement with experimental results.

Datum Planes created to help
in partitioning the model.

Axial pressure of 1 MPa
is applied at this end.

@ XSYMM (UL = UR2 = UR3 = 0)

Pinned Boundary
conditions.

1 MPa tensile load
applied at the

© XSYMM (UL = UR2 = UR3 = 0)

Figure 6. (a) FE validation model of CHS-to-RHS connection [30]. (b) Experimental setup of the CHS-to-RHS joint [4]
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1 MPa compressive stress.

Pinned boundary
conditions.

© XSYMM (UL = UR2 = UR3 = 0)]

@ YSYMM (U2 = URL = UR3 = 0)

Figure 7. (a) FE validation model of RHS-to-RHS connection [30]. (b) Experimental setup of the RHS-to-RHS joint [25]

Table 1. Comparison between FE SCFs and experimental SCFs for all verification models.

Joint FE SCFs Exp. SCFs Error%
RHS-to-RHS-1 9.62 9.9 3%
RHS-to-RHS-2 11.93 11.96 0%
RHS-to-RHS-3 10.82 10.27 5%
RHS-to-RHS-4 7.01 6.44 9%
RHS-to-RHS-5 7.87 7.34 7%
RHS-to-RHS-6 8.44 8.9 5%
RHS-to-RHS-7 7.89 7.85 1%
RHS-to-RHS-8 5.79 5.18 12%

CHS-to-CHS 4.77 4.67 2%
CHS-to-RHS 14.05 14.3 2%

5. Parametric study

To investigate the effect of the non-dimensional geometric parameters on maximum SCFs in CHS brace-to-H-shaped
section joint, parametric study was performed. Three parameters have been considered in this study: the brace diameter
to the cord width (B), the chord width to its thickness (2y), and the brace to the chord thickness ratio (t). A total of 48
joints have been carefully analyzed with parameters range ($=0.3-0.7, 2y=16-30 and 1=0.3-1.0) as presented in Table 2.
These ranges were selected to reflect corresponding values used in practical applications. This was done to exclude the
effect of boundary conditions on SCFs. In all models considered in the parametric study, the chord depth, width and
web thickness have been taken to be 200 mm, 200 mm, and 8 mm, respectively.

5.2. Results of Parametric Study

Stresses perpendicular to the weld toe are considered are the maximum stress to be used for calculations of SCFs.
Here, S22 and S33 are regarded as the stresses perpendicular to the weld toe in the brace and chord, respectively. The
results of the parametric study clearly show that SCFs in CHS brace are generally larger than the SCFs in H-shaped
chord. Therefore, the initiation of cracks is expected to occur first in the CHS brace. Figure 9 shows the maximum stress
SCFs in the brace and the chord for all 48 models under axial compression. SCFs in the chord are larger than the
corresponding ones in the brace. This is due to the shape of the H-shaped chord compared to the more uniform shape of
the CHS brace. Moreover, SCFs measured in brace of the majority of models were less than 2. However, higher SCFs
are noticed in the H-shaped chord where values were measured to be ranging from 2 to 6.8. Due to symmetry of the
joint, symmetrical stress distribution is noted around the weld. The distribution of angles around the weld bead is
illustrated in Figure 10, in which, angles were distributed in increasing order clockwise from zero to 360 degrees to
indicate the position of maximum SCF in the brace and the chord. Figures 11 and 12 present hot spot stress distribution
and hence SCFs distributions around the weld bead in the CHS brace and H-shaped chord at eight different angles (0,
45, 90, 135, 180, 225, 270 and 315) degrees as shown in Figure 10. Figures 11 and 12 clearly show the symmetrical
SCFs distributions around CHS brace and H-shaped chord. Angles of zero and 180 are the expected locations of
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maximum stress concentration in the CHS brace as shown in Figure 13 where contour map of stresses perpendicular to
weld toe are presented. So, the maximum SCF in the CHS brace was about 3.25 at angle 0 and 180. For the H-shaped
chord, maximum stress concentration is expected to occur at four angles; 45, 135, 225 and 315 as shown in Figures 12
and 14 (where contour map of stresses perpendicular to the weld toe is presented). The blue colors in Figures 13 and 14
shows the locations of maximum stresses perpendicular to the weld toe in CHS brace and H-shaped chord, respectively.
Therefore, SCFs in brace and chord are measured at these locations for all models considered in this study. The
maximum SCF occurs in the brace for f=0.7, 2y=30 and 1=1.0 with a value of 6.8. According to CIDECT, SCF may be
considered 2 whenever a SCF is recorded with a value less than 2. The effects of geometric parameters on SCFs are
discussed in the following sections.

Table 2. Results of parametric study

Model No. B 2y T SCFehord SCForace model No. B 2y T SCFehord SCForace
1 0.3 0.3 1.9 24 200 | 1.0 2.2 4.36
2 160 05 1 25 25 0.3 0.77 3.01
3 08 1.2 2.8 26 0.5 1.24 3.72
4 1.0 1.4 3 27 250 0.8 155 421
5 03 0.5 1.9 28 0.5 1.0 17 4.87
6 200 05 0.8 25 29 0.3 0.76 3.4
7 08 0.9 23 30 0.5 13 3.83
8 1.0 1.2 2.6 31 300 0.8 152 4.34
9 03 0.3 0.51 2.3 32 1.0 1.93 5.34
10 250 0.5 1.27 2.64 35 160 0.8 2.65 5.04
11 0.8 0.99 33 36 1.0 3.6 5.35
12 1.0 1 3 37 0.3 1.05 3.1
13 03 05 2.25 38 200 0.5 151 3.2
14 0.5 0.66 2.69 39 0.8 1.93 4.62
15 300 0.8 0.97 3 40 1.0 2.08 5.1
16 1.0 0.7 35 a1 0.3 1.1 31
17 03 0.72 25 42 o7 o | 0% 1.23 3.33
18 05 1.32 3.11 43 0.8 2.45 4.27
19 160 0.8 1.86 4.26 44 1.0 2.63 5.89
20 05 1.0 2.78 4.42 45 0.3 1.15 3.2
21 0.3 0.72 2.7 46 0.5 1.29 3.25
22 20 | 05 1.24 3.35 47 300 0.8 1.77 5.51
23 08 175 454 48 1.0 1.65 6.8

Mesh Sensitivity Analysis
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2 4
1 - === FE SCFs = = Exp. SCF
0 . . . . ; )
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1/mesh size

Figure 8. Sensitivity study to select the best element size for validation model [30]
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SCFs for All 48 FE Models in Brace and Chord
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Figure 11. SCFs distribution around the CHS brace
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SCFs distribution around the weld in H-shaped Chord
1.6
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1.2

0.8

SCFs in the H-shaped Chord
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Figure 12. SCFs distribution around the H-shaped chord

Locations

Location @

Figure 13 maximum stress perpendicular to the weld toe in Figure 14 maximum stress perpendicular to the weld toe in
the CHS brace the H-shaped chord

5.3. Effect of CHS Brace Thickness to H-Shaped Chord Flange Thickness Ratio (t)

The range of the parameter 7 is [0.2-1.0]. For all models, the H-shaped chord’s flange thickness is kept constant. So,
increasing T results in an increase of wall brace thickness. Figure 15 shows the effect of changing the brace wall thickness
to H-shaped upper flange thickness on SCFs in the brace and chord for different values B (0.3, 0.5 and 0.7) and 2y (16,
20, 25 and 30). As it can be noted from Figure 15, increasing the parameter t would gradually increase the SCFs in the
brace and the chord. The maximum SCFs in the brace or chord occurs when t= 1 (when the CHS wall and the H-shaped
chord upper flange thicknesses are equal). The maximum SCFs in the brace under axial compression generally result
when the parameter 2y is 30.

5.4. Effect of CHS Brace Diameter to H-Shaped Chord Flange Width Ratio (B)

The range of the parameter § is [0.3-0.7]. As B increases, the brace diameter increases because the H-shaped chord
is kept constant in all models. B is one of the most influential parameters on SCFs in brace and chord. As f increases,
SCFs greatly increase in the CHS brace and the H-shaped chord. Figure 16 presents the variation of SCFs in brace and
chord due to the increase in B for different values of t (0.3, 0.5, 0.8 and 1.0) and 2y (16, 20, 25 and 30). Since values of
SCFs shown in Figures 15 (e) and 15 (f) are smaller than 2, SCFs can be conservatively considered as 2. It can be seen
from Figure 15 that the maximum SCFs occurs when the parameter [ is 0.7. It is interesting to note that for = 0.3,
SCFs are less than 1.5, therefore, conservative value of 2 could be considered.
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Figure. 16 variation of SCF in CHS brace and H-shaped chord with j

5.5. Effect of H-shaped Chord Flange Width to Thickness Ratio (2y)

The range of the parameter 2y is [16-30]. For all models, the chord width is 200 mm. so, increasing 2y means that
the thickness of the H-shaped flange increases accordingly. The parameter 2y has the least effect on SCFs variations in
the brace and the chord. Generally, as 2y increases, SCFs in the brace remain unchanged or slightly increase. Figure 17
presents the variation of SCFs with 2y for different values of 3 (0.3, 0.5 and 0.7) and 1(0.3, 0.5, 0.8 and 1.0). Referring
to Figure 17, it can be concluded that changing the flange width of the chord compared to its thickness almost has no
serious effect on the distribution of SCFs in the CHS brace or H-shaped chord.
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Figure 17. Variation of SCF in CHS brace and H-shaped chord with 2y

6. Conclusion

This paper presented a comprehensive study on stress concentration factors in circular hollow section brace welded
to H-shaped chord steel connection. The effect of non-dimensional geometric parameters has been carefully investigated
by conducting finite element study using the commercial general-purpose finite element Abaqus software. The result of
literature review presented in the introduction reveals that this type of welded connections has not been investigated by
researchers for fatigue design under axial compression. Firstly, available experiments were used to verify the use of
finite elements for prediction of stress concentration factors. Afterwards, an extensive parametric study has been
performed to clarify the effect of CHS brace diameter to H-shaped chord flange width ratio (B), H-shaped chord flange
width to thickness ratio (2y) and CHS brace thickness to H-shaped chord flange thickness ratio (t) on the distribution of
SCFs inthe CHS brace and the H-shaped chord. 48 finite element models have been investigated with parameters ranges;
$=0.3-0.7, 2y=16-30 and t=0.3-1.0. It was found the SCFs in the CHS brace are generally larger than the corresponding
ones in the H-shaped chord. Moreover, it was found that increasing the parameters  or T would result in an increase in
SCFs in the brace and the chord. On the other hand, increasing the parameter 2y has generally no effect on the SCFs in
the brace or the chord. Necessary graphs presenting the effect of each parameter on the variation of SCFs in the brace
and the chord are presented.

7. Notations

CHS Circular hollow section
FEA finite element analysis

E Elastic modulus
v Poisson’s ratio
bt Flange width of H-shaped chord flange
bw Effective width of H-shaped chord web
tr Thickness of H-shaped chord flange
tw Thickness of H-shaped chord web
r Corner radius of H-shaped chord
h Over all height of H-shaped chord
h1 External diameter of CHS brace
t1 Thickness of CHS brace
Angel between CHS brace and H-shaped chord
B CHS brace diameter to H-shaped chord flange width ratio
2y H-shaped chord flange width to thickness ratio
T CHS brace thickness to H-shaped chord flange thickness ratio

45



Civil Engineering Journal Vol. 5, No. 1, January, 2019

8. Conflicts of Interest

The authors declare no conflict of interest.

9. References

[1] Wardenier J. HOLLOW SECTIONS Hollow Sections in Structural Applications. Technology. 2001:199.

[2] Ummenhofer, T., Herion, S., Weidner, P., Hrabowski, J., Schneider, M. and Josat O. Extension of the Fatigue Life of Existing
and New Welded Hollow Section Joints; 2011.

[3] Feng R, Young B. Stress concentration factors of cold-formed stainless steel tubular X-joints. J Constr Steel Res. 2013;91:26-
41. doi:10.1016/j.jcsr.2013.08.012.

[4] Bian LC, Lim JK. Fatigue strength and stress concentration factors of CHS-to-RHS T-joints. J Constr Steel Res.
2003;59(5):627-640. doi:10.1016/S0143-974X(02)00048-2.

[5] Ahmadi H, Asoodeh S. Parametric study of geometrical effects on the degree of bending (DoB) in offshore tubular K-joints
under out-of-plane bending loads. Appl Ocean Res. 2016;58:1-10. doi:10.1016/j.apor.2016.03.004.

[6] Ahmadi H, Lotfollahi-Yaghin MA. Stress concentration due to in-plane bending (IPB) loads in ring-stiffened tubular KT-joints
of offshore structures: Parametric study and design formulation. Appl Ocean Res. 2015;51:54-66. doi:10.1016/j.apor.2015.02.009.

[7]1 LiC, HuangF, LouY, Cheng B. Stress concentration factors of bird-beak SHS X-joints under brace axial forces. J Constr Steel
Res. 2018;150:87-98. d0i:10.1016/j.jcsr.2018.08.016.

[8] Tong L, FuY, LiuY, Zhao XL. Stress concentration factors of diamond bird-beak SHS T-joints under brace loading. Thin-
Walled Struct. 2014;74:201-212. doi:10.1016/j.tws.2013.10.008.

[9] Cheng B, Qian Q, Zhao X-L. Tests to Determine Stress Concentration Factors for Square Bird-Beak SHS Joints under Chord
and Brace Axial Forces. J Struct Eng. 2014;140(11):04014088. d0i:10.1061/(ASCE)ST.1943-541X.0001095.

[10] Tong L, Xu G, Liu Y, Yan D, Zhao XL. Finite element analysis and formulae for stress concentration factors of diamond bird-
beak SHS T-joints. Thin-Walled Struct. 2015;86(3):108-120. doi:10.1016/j.tws.2014.10.009.

[11] Wei X, Wen Z, Xiao L, Wu C. Review of fatigue assessment approaches for tubular joints in CFST trusses. Int J Fatigue.
2018;113(April):43-53. doi:10.1016/j.ijfatigue.2018.04.007.

[12] Tong L, Xu G, Yan D, Zhao XL. Fatigue tests and design of diamond bird-beak SHS T-joints under axial loading in brace. J
Constr Steel Res. 2016;118:49-59. doi:10.1016/j.jcsr.2015.10.025.

[13] Nethercot, David ed. Composite Construction. CRC Press; 2003.

[14] Han, L. H. and YFY. Modern Technology of Concrete-Filled Steel Tubular Structures. 2nd ed. Beijing: China Building
Industry Press; 2007.

[15] Han LH, Li W, Bjorhovde R. Developments and advanced applications of concrete-filled steel tubular (CFST) structures:
Members. J Constr Steel Res. 2014;100:211-228. doi:10.1016/j.jcsr.2014.04.016.

[16] Sakai Y, Hosaka T, Isoe A, Ichikawa A, Mitsuki K. Experiments on concrete filled and reinforced tubular K-joints of truss
girder. J Constr Steel Res. 2004;60(3-5):683-699. doi:10.1016/S0143-974X(03)00136-6.

[17] Chan J, Chen J, Jin WL. Experiment investigation of stress concentration factor of concrete-filled tubular T joints. J Constr
Steel Res. 2010;66(12):1510-1515. doi:10.1016/j.jcsr.2010.06.004.

[18] Xu F, Chen J, Jin WL. Experimental investigation of SCF distribution for thin-walled concrete-filled CHS joints under axial
tension loading. Thin-Walled Struct. 2015;93:149-157. doi:10.1016/j.tws.2015.03.019.

[19] Tong LW, Xu GW, Yang DL, Mashiri FR, Zhao XL. Fatigue behavior and design of welded tubular T-joints with CHS brace
and concrete-filled chord. Thin-Walled Struct. 2017;120(July):180-190. doi:10.1016/j.tws.2017.08.024.

[20] Wang K, Tong L-W, Zhu J, Zhao X-L, Mashiri FR. Fatigue Behavior of Welded T-Joints with a CHS Brace and CFCHS Chord
under Axial Loading in the Brace. J Bridg Eng. 2013;18(2):142-152. doi:10.1061/(ASCE)BE.1943-5592.0000331.

[21] Qian X, Jitpairod K, Marshall P, et al. Fatigue and residual strength of concrete-filled tubular X-joints with full capacity welds.
J Constr Steel Res. 2014;100:21-35. doi:10.1016/j.jcsr.2014.04.021.

[22] Feng R, Chen Y, Wei L, Ruan X. Behaviour of CHS brace-to-H-shaped chord X-joints under in-plane bending. J Constr Steel
Res. 2015;114(November 2015):8-19. doi:10.1016/j.jcsr.2015.07.001.

[23] Chen Y, Feng R, Wei L. Design of CHS brace-to-H-shaped chord T-joints under axial compression. Thin-Walled Struct.
2016;98(January 2016):274-284. doi:10.1016/j.tws.2015.10.005.

[24] Simulia DS. ABAQUS 6.13 User’s manual. 2013.

[25] HERON AVW-, (2) 37, 1992 undefined, 1992 undefined. The fatigue behaviour of T-and X-joints made of square hollow
sections.

[26] N’Diaye A, Hariri S, Pluvinage G, Azari Z. Stress concentration factor analysis for notched welded tubular T-joints. Int J
Fatigue. 2007;29(8):1554-1570. doi:10.1016/J.1JFATIGUE.2006.10.030.

46



Civil Engineering Journal Vol. 5, No. 1, January, 2019
[27] N’diaye A, Hariri S, Pluvinage G, fatigue ZA-I journal of, 2009 undefined. Stress concentration factor analysis for welded,
notched tubular T-joints under combined axial, bending and dynamic loading, doi: 10.1016/j.ijfatigue.2008.07.014.

[28] Tong LW, Zheng HZ, Mashiri FR, Zhao XL. Stress-Concentration Factors in Circular Hollow Section and Square Hollow
Section T-Connections: Experiments, Finite-Element Analysis, and Formulas. J Struct Eng. 2013;139(11):1866-1881.
doi:10.1061/(ASCE)ST.1943-541X.0000759.

[29] Alger H, Zhao X. Design guide for circular and rectangular hollow section welded joints under fatigue loading. 2001.

[30] Hamdan A. I. Numerical investigation of Stress Concentration Factors (SCFs) in a small I1-beam welded Large Circular Hollow
Section (CHS) Column. 2015.

47


https://doi.org/10.1016/j.ijfatigue.2008.07.014



