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ABSTRACT

CFST trussed arch bridge is a main type of CFST arch bridges in China, which
accounts for about 38% of more than 400 CFST arch bridges. The trussed arch ribs are
composed of concrete-filled chord and hollow brace connected each other generally
with full penetration butt welds to form K-joint. The joint is the weak part in the whole
bridge structure, and fatigue damage at the weld toe of the chord-brace intersection
has been observed in the existing bridges. The stress concentration factors (SCFs) at
the weld toe around the intersection is mainly influenced by geometric parameters of
CFST K-joint. However, their influence on SCFs has not been formulated yet for CFST
K-joint. Therefore, in this study, the geometric parameters statistics on CFST K-joint of
the total of 119 CFST trussed arch bridges in China were collected by literature review
and website investigation, first. Then, they were analyzed to determine the range of
each parameter for the following parameter analysis. After the validation of finite
element (FE) models on SCFs for CFST joint by the comparison with existing
experimental results, they were provided for the numerical parameter analysis on CFST
K-joint under axial loading in the chord and braces to reveal the influence of every
geometric parameter on SCFs of CFST K-joint. Furthermore, the comparison of the
parameters influences with circular hollow section (CHS) K-joint was carried out.

1. INTRODUCTION

After the construction of the earliest CFST arch bridge, CFST arch bridges have
become very popular with rapid development and numerous practical application in the
last 25 years in China. Until now, more than 400 CFST arch bridges have been built,
and CFST trussed arch bridge is a main type of CFST arch bridge accounting for about
38% of the total CFST arch bridges (Wang 2016). The trussed arch ribs are composed
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of concrete-filled chord and hollow brace generally connected with full penetration butt
welds to form CFST joint, including K-joint, T-joint, Y-joint, N-joint and so on. Among
them, K-joint is the most widely adopted type. However, the CFST joints can be the
weak part in the whole structure due to high stress concentrations at the weld toes of
chord-brace intersection. In practice, the fatigue cracks of K-joint were found in a half-
through CFST trussed arch bridge (Wang 2016), and the bridge and fatigue crack are
shown in Figs. 1-2, respectively.

The review of current literature shows that numerous researches have been
carried out on hollow tubular joints under fatigue loading to provide fatigue design rules
in some fatigue design specifications (Mashiri 2010). However, few studies have been
carried out to determine the fatigue strength of CFST joints. Therefore, there is
currently no reasonable fatigue design rule for CFST joints in national or international
specifications. In China, the Chinese code (JTG/T D65-06-2015) only gives allowable
value of nominal stress amplitude for the fatigue checking calculation of CFST joints.
Tong (2008) experimentally showed that the SCFs of CFST K-joints are more uniform
and smaller compared with CHS K-joints. Mashiri (2010) found the maximum SCF in
CFST T-+joint is generally lower than the maximum SCF in hollow section T-joint under
in-plane bending. By means of fatigue test for CFST T-joints, Wang (2011) recorded
SCFs, crack initiation positions, crack propagation patterns, and final failure modes,
and concluded that further research on CFST joints needs to be conducted to obtain
the reliable fatigue strength design S-N curve. Chen (2010) experimentally found the
prediction equations of SCFs for CHS joint were very conservative for CFST joints. Kim
(2014) experimentally investigated the stress concentration in CFST N-joints and the
SCFs equations were presented based on detailed FEA results. The existing studies of
CFST joint mostly focused on the SCFs of CFST joint compared with CHS joints. The
effect of geometric parameters on SCFs were seldom studied for CFST K-joint.
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Fig. 1 CFST trussed arch bridge Fig. 2 Fatigue crack

In this study, the geometric parameters statistics of CFST K-joints were collected
by literature review and website investigation, first. Then, they were analyzed to
determine the range of each parameter for the following parameter analysis. After the
validation of FE models on SCFs for CFST joint by the comparison with existing
experimental results, they were provided for the numerical parameter analysis on CFST
K-joint under axial loading in the chord and braces to reveal the influence of every
geometric parameter on SCFs of CFST K-joint. Furthermore, the comparison of the
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parameters influence with CHS K-joint was carried out to reveal their difference and
main influencing parameters.

2. GEOMETRIC PARAMETERS STATISTICS OF CFST K-JOINTS

In this chapter, the geometric parameters of CFST K-joints were attained by
literature review and website investigation from 119 CFST trussed arch bridges in
China, and analyzed to demonstrate their range for the parametric analysis of hot spot
stress with finite element (FE) method.

2.1 Outline of bridges

Among 119 bridges, there are 16 deck bridges, 48 half-through bridges, 27 fly-
bird bridges, 13 rigid-frame through tied bridges and 15 through arch-beam bridges.
The cross-section of CFST trussed arch ribs is categorized into four-limbs, transverse
dumbbell, two-limbs, three-limbs and six-limbs, as shown in Fig. 3. Their distributions
are illustrated in Fig. 4. Four-limbs and transverse dumbbell are mainly used in CFST
trussed arch bridges, which account for 83.2% of the total bridges.

(a) Four-limbs (b) Transverse dumbbell  (c) Two-limbs  (d) Three limbs (e) Six-limbs

Fig. 3 Cross-sections

2.2 Structural type of CFST K-joints

The structural type of CFST joint in all bridges was K-joint. Most of them have the
brace and concrete-filled chord tube directly welded together, as shown in Fig. 5. This
type of joint accounts for 95.8% of the total. Therefore, the information of this joint type
was used for the following analysis to demonstrate the range of each geometric
parameter.

2.3 Geometric parameters statistics
The SCFs of uniplanar CHS K-joint with no eccentricity and equal braces are
formulated by using external diameter (D) and thickness (T) of the chord, external
diameter (d) and thickness (t) of the brace, and the angle between the axis of the chord
and brace (6) (Zhao 2001). Moreover, the eccentricity (e) between the cross-point of
the adjacent brace axis and the chord axis, and the gap (g) between crown toes of
adjacent braces may also affect SCFs. The geometric parameters are shown in Fig. 6.
Statistical analyses of the geometric parameters were conducted on the basis of
the dimensionless parameters, including the external diameter to thickness ratio of the
chord (y = D/2T), the thickness of the brace to the thickness of the chord ratio (1 = t/T),
the external diameter of the brace to the external diameter of the chord ratio (8 = d/D),
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the eccentric ratio of the joint (o = e/D). p > 0 represents the cross-point of adjacent
braces located under the axis of chord, p = 0 represents the cross-point of adjacent
braces located at the axis of chord, p < 0 represents the cross-point of adjacent braces
located above the axis of chord.

Transverse dumbbell
33.6% Brace Brace

Two-limbs
8.4%
Three-limbs
6.7%
Six-limbs
Four-limbs 1.7% Chord tube
49.6%

Fig. 4 Cross-section distributions Fig. 5 Structural type of CFST K-joint

Distributions of y-value, r1-value and B-value are illustrated in Figs. 7-9,
respectively. The serial number is numbered based on the above-mentioned five bridge
structural types (deck type, half-through type, fly-bird type, rigid-frame through tied type
and through arch-beam type) and their span length in sequence. They show that the y-
value is mainly varied from 20 to 40, and the maximum and minimum y-values are
42.50 and 17.14, respectively; the maximum and minimum r-values are 1.00 and 0.40,
respectively; the B-value is mainly varied from 0.30 to 0.60, and the maximum and
minimum B-values are 0.72 and 0.12, respectively.

For the range of 6- and p-values, they would be determined by relevant standard
because they are not provided in the literatures. The 6-value and the angle between
two axes of adjacent braces should be not less than 30° to prevent serious welding
difficulties at crown heel location (Chen 2007). The maximum 6-value for which the
parametric formula for CHS K-joint can be applied is 60° (Zhao 2001), thus the range of
6-value would be [30°, 60°]. In addition, the p-value would be [-0.55, +0.25] referring to
the corresponding value of CHS K-joint (Zhao 2001).

3. VALIDATION OF FE MODEL

3.1 Existing experimental investigation on SCFs of CFST joints

The test of a total of 10 CFST T-joints with different geometric parameters was
carried out in Tongji University, China (Wang 2011). The test specimen and loading
method are given in Fig. 10. The two ends of chord were bolted connection with
counterforce devices. The axial compressive or tensile force was applied to the brace
fully welded at a right angle to the continuous concrete-filled chord. The static tests
within elastic range were performed to obtain the hot spot stress at weld toe of the
specimens subjected to the axial force in the brace.
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3.2 FE models

The general FE software MSC.Marc was applied for the numerical investigation
on SCFs distribution of CFST T-joint under axial force in brace. The weld bead was
also modelled to attain the accurate hot spot stress. The measured hot spot stress
(HSS) was much lower than yield stress in the experiment so that linear elastic material
properties were applied to the FE models. Based on the experimental design values, it
was assumed that the Young’s modulus of steel tube and concrete are 2.05x10° MPa
and 3.45x10* MPa, and their Poisson’s ratio are 0.3 and 0.2, respectively. The
boundary condition of the chord ends was defined as simple support.

If the steel tube was modeled by shell element, it becomes difficult to model the
weld bead and make good contact behavior between steel tube and concrete.
Therefore, the linear full-integration eight-node hexahedron solid element was used for
whole model, i.e. steel tube, concrete and weld bead.

Since the mesh size needs to be small enough to get the accurate hot spot
stress, fine mesh was used around the intersection. The mesh size of focused areas
required depends on the thickness of the tube (t), i.e. 2 mm for t < 8 mm, 3 mm for t <
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16 mm and 4 mm for t 2 16 mm (Zhao 2001). The mesh of concrete was the same as
tube, and the tubes were divided into three layers of elements in the thickness direction.

The behavior of the interface between chord tube and concrete was simulated
by “Glue” and “Touch” functions. “Glue” function assumes that contact bodies tie
together without any relative displacements. “Touch” function allows that contact bodies
can touch and separate in normal direction and slide with the friction behavior in
tangential direction. The friction coefficient (1) between concrete and steel is 0.2-0.6 in
general (Baltay 1990). The FE model and local mesh around the intersection are shown
in Fig. 11.

Tension
Compression

Brace

Intersection

S M SOt S L U S U SR

Concrete

Fig. 10 Test loading

(a) FE model (b) Local mesh around the intersection

Fig. 11 FE model and local mesh of CFST T-joint

3.3 HSS calculation

The HSS around the intersection was obtained numerically by linear extrapolation.
The region of positions of two picked nodes for HSS calculation is shown in Fig. 12 and
Table 1 (Zhao 2001). The positions are arbitrarily determined in this region since the
stress distribution is nearly linear. In this study, the positions of 1st and 2nd nodes are
about 0.4T (but 24 mm) and 1.0T away from the weld toe, respectively. The SCF was
defined as the ratio between the HSS at the joint and the nominal stress in the member
due to the basic member load which causes this HSS (Zhao 2001). Therefore, the
nominal stress of CFST T-joint caused by the axial force F in the brace was determined
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using a simple formula (o, = F/A), where A is the cross-sectional area of the brace
| (Wang 2011).

3.4 Comparisons of contact relationships

The SCFs at crown under tensile force in brace obtained by FEA with “Glue” and
“Touch” functions assuming different friction coefficient are compared with the test
result of T4-joint specimen (Wang 2011), as shown in Fig. 13. It shows that SCF
calculated with “Glue” function is much lower than test result. However, the SCFs
calculated with “Touch” function show good agreement with the test result and the
friction coefficients have almost no influence on the SCF.

The relative deformations between chord and concrete around the chord-brace
intersection are shown in Fig. 14. It reveals that the difference between “Glue” function
and “Touch” function, because total cross-section of chord and concrete bears the axial
loading in brace with “Glue” function but “Touch” function allows separation around
intersection between chord and filled-concrete. Therefore, “Touch” function with = 0.3
was applied for this study.

5
—=— FEA value ("Touch" function)
¢ 4
brace Extrapolation region Test value = 4.00
wall | L
O
’\'\‘ (9p]
o |1 3
iz \ \ FEA value ("Glue" function)= 2.60
| weld
toe “A ‘B chord
BZI: Vwall 2 T T T T T
-Lrmin | 0.2 0.3 0.4 0.5 0.6
L Lrmax | Friction coefficient
Fig. 12 Definition of extrapolation region Fig. 13 Comparison on SCFs

Table 1 Boundaries of extrapolation region

Distance Chord Brace
from weld toe | Saddle Crown Saddle Crown
Lr,min 0.4T, but=24 mm 0.4t, but 24 mm
Lr,max 0.045D | 0.44/0.25DTdt 0.651/0.5dt

3.5 Validation results

The SCFs distribution was observed in FE models. For instance, the FEA results
of T1-joint specimen (Wang 2011) were shown in Fig. 15. It shows that the both of SCF
distribution and maximum SCF position by FEA results show good agreement with the
test results.
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The comparison on the maximum SCFs between the test and FEA results is
shown in Fig. 16 for all 10 specimens. The averages of FEA value to test value ratio of
tensile condition and compressive condition are 0.91 and 0.82, respectively. Moreover,
their variances are 0.098 and 0.129, respectively. It shows the tensile condition made
good agreements with the test results, and the compressive condition had a larger
deviation but less than 20%. The external surface of filled-concrete would have smaller
Young’s modulus than design value in the actual specimen. It would cause larger
measured SCFs than the calculated SCFs in FE model under compressive condition.
However, it would hardly affect the measured SCFs in the tensile condition because of
the separation between chord and concrete around the intersection. Consequently, it
seems that such a difference in deviation has occurred between tensile and
compressive conditions. To sum up, it can be concluded that the established FE
models can better predict the SCFs distribution of CFST T-joint under axial loading in
brace.

I
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(a )' “Glue” functlon | (b) “Touch” function

Fig. 14 Comparison on deformation
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4. PARAMETRIC STUDY

4.1 FE models of CFST K-joint

The geometric dimensions of standard FE model are shown in Table 2, and the
length of chord and braces are 3000 mm and 1800 mm, respectively. The modelled
method of CFST K-joint, mesh generation and element type were the same as the
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validated model. The sizes of weld bead were approximately valued according to AWS
code, the leg size of weld bead at the brace and chord were t and 0.5t, respectively
(AWS 2004). One end of the chord was fixed, another end of chord and two ends of the
braces were free. The external loads were applied at the central node of the end
section and uniformly distributed to all nodes of the end section using rigid link between
central node and all nodes of the end section. The material properties with elastic stage
are given in Table 3. The FE meshes of CFST K-joint are shown in Fig. 17. Definition of
angle for chord-brace intersection is shown in Fig. 18. In general, the hot spot locates
at either the crown toe, crown heel or saddle. Therefore, the following analysis results
along intersection were picked up by every interval of 90° from 0° (crown toe) to 180°
(crown heel) according to the structural symmetry.

Table 2 Geometric parameters of standard model

Structural dimensions

D/mm | d/mm | T/mm | t/mm o/° e/mm
550 219 8 8 57 0
Dimensionless parameters
y T B P
34.38 1.0 0.4 0

Table 3 Material properties

Material Young’s modulus / MPa | Poisson’s ratio
Steel tube 2.05x10° 0.3
Concrete 3.25x10" 0.2

270" Saddle

0
Crown toe

90°\Saddle

Fig. 17 Mesh of CFST K-joint Fig. 18 Definition of angle

4.2 The effect of loading in the chord

In general, the chords bear axial compressive force and in-plane bending moment,
and the braces mainly bear axial forces in the arch ribs of CFST trussed arch bridges.
In order to focus on the effect of the forces in the chord on SCFs, all 4 loading
conditions listed in Table 4 were employed for the standard model. The axial tensile
and compressive forces of braces were 37.50 kN, and the axial compressive force and
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bending moment of chord were 109.84 kN and 1.63 kN'm. These values were
determined referring to the analysis results under the loading of a fatigue vehicle (Wang
2016). As shown in Fig. 19, HSS distributions of chord around the compressive brace
were not nearly influenced by different loading condition in the chord, and HSS
distributions of chord around the tensile brace under the condition with in-plane
bending moment are only 0.71% larger than the condition without in-plane bending
moment in the free end of chord. It shows the HSS of chord caused by the forces in
chord can be negligible. Therefore, SCFs of CFST K-joint are defined as the ratio
between the hot spot stress and the nominal stress of the brace, and the following
parameters study was carried out by the loading condition 2 where free ends of chord
and braces of CFST K-joint were subjected to axial forces.

Table 4 Loading conditions

Loading Members
condition Free end of chord Free ends of braces
Condition 1 | Axial force and bending moment
Condition 2 Axial force Axial forces
Condition 3 Bending moment
Condition 4 None
60 -40
50 351§ —m— Condition 1
z/ -304 ~o- Condition 2
e 5] —a— Condition 3
g% 5 —— Condition 4
S —=— Condition 1 2-20-
230{ = o Condition 2 B 15
T |, —Condition3 < L ° =
2/ - Condition 4 < 1042 2
20'% @ < c o <
S 3 g 518 3 s
102 ] O 0O 3 G
0 90 180 0 90 180
Angle /degree Angle /degree
(a) Chord (tension) (b) Chord (compression)

Fig. 19 Curves of SCFs-loading conditions

4.3 The effect of concrete strength

The common concrete strength grade from C30 to C60 (the number after C
denotes cube compressive strength) was applied for the arch ribs of CFST arch bridges
in China (Wang 2016). Their young’s modulus specified in JTG D62-2004, 0.5 times of
and 0.1 times of C40 young modulus were employed to examine the effect of concrete
strength on SCFs distribution. The material properties for the concrete grades are listed
in Table 5. Fig. 20 presents the effect of concrete strength on SCFs in the chord around
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intersection. The SCFs distributions were not changed with the concrete strength. The
SCFs of tensile condition were nearly invariable with the concrete strength due to the
debonding between chord and concrete near the intersection. Moreover, SCFs from
C30 to C60 had the similar distributions also in compressive condition. However, when
the Young’s modulus becomes very small, SCFs seriously increase due to lack of
strong support of the concrete. As a result, the effect of common concrete strength on
SCFs would be negligible as long as the concrete keeps its sound condition.

Table 5 Concrete strength

Grade Young’s modulus / MPa | Poisson’s ratio
C30 3.00 x 10%
C40 3.25 x 10*
C50 3.45 x 10* 0.2
C60 3.60 x 10% :
0.5 x C40 1.625 x 10%
0.1 x C40 3.25 x 10°
10 8
| —=C30
g —- C40
8 P _a-C50
-~ C60
—o— 0.5xC40

o>

—=— C30
—0- C40
—a— C50

& 0.1xC40

SCFs

448 . ceo 3 218 E
% —o—0.5xC40 é §§ % S é
o S S S A3
B ~o-0.1xC40 | 3 S e g S
0 90 180 0 90 180
Angle / degree Angle / degree
(a) Chord (tension) (b) Chord (compression)

Fig. 20 Curves of SCFs-concrete strength

4.4 The effect of geometric parameters

The numerical analysis was processed with geometric parameters referring to the
statistics ranges. The detailed dimensionless parameters values in parametric study
are shown in Table 6. Each parameter analysis condition only changed one geometric
parameter, and the remaining parameters were the same as Table 2.

With the increase of y-value, the SCFs distribution and maximum SCFs position
of whether in chord or brace didn’t change, and the maximum SCFs position of the
intersection near the tensile brace always locates at saddle, but the maximum SCFs
position of the intersection near the compressive brace always locates at crown toe.
Moreover, the SCFs of both chord and brace around the intersection near the tensile
brace increased with the increase of y-value, whereas the SCFs of both chord and
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brace around the intersection near the compressive brace decreased with the increase
of y-value, as shown in Fig. 21.

Table 6 Combination of parameter analysis condition

Parameters Values
14 20 30 34.38 40
T 0.4 0.6 0.8 1.0
B 0.30 0.35 0.40 0.45
6 30° 40° 50° 57°
10 6
8 E - y=20
—o—y=30
4
6. 4 A y=34.38
. ; » - y=40
LL : LL
Baf ?
1 2- -
8 2 8 E
24 C ——y=40 @ c c @ o
5 3 5 5 g 5
0O A O 0O & (8
0 90 180 0 90 18
Angle / degree Angle / degree
(a) Chord (tension) (b) Chord (compression)
4 3 P
=
=)
©
[7p]
3
e
L y P24
Q ~~ —my=20 O
wn wn
2 —o—y=30 _ :
§ —a— y=34.38 D § é
S s y=40 ® = c =
g S 8 g g
1O 3 &} 10 O
0 90 180 0 90 180

Angle / degree

(c) Brace (tension)

Angle / degree

(d) Brace (compression)

Fig. 21 Curves of SCFs-y

With the increase of r-value, the SCFs distribution and maximum SCFs position of
whether in chord or brace didn’t change, and the maximum SCFs position of the
intersection near the tensile brace always locates at saddle, but the maximum SCFs
position of the intersection near the compressive brace always locates at crown toe. In
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addition, the SCFs of both chord and brace around the tensile and compressive
intersection increased with the increase of r-value, as shown in Fig. 22.

With the increase of B-value, the SCFs distribution and maximum SCFs position
of whether in chord or brace didn’t change apart from the intersection near tensile
brace in the condition of 8 = 0.45, and the maximum SCFs position of the intersection
near the tensile brace always locates at saddle, but the maximum SCFs position of the
intersection near the compressive brace always locates at crown toe. In addition, the
SCFs of both chord and brace around the intersection near the tensile brace decreased
with the increase of B-value, whereas the SCFs of both chord and brace around the
intersection near the compressive brace increased with the increase of y-value, as
shown in Fig. 23.
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Fig. 22 Curves of SCFs-1
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Fig. 23 Curves of SCFs-f

With the increase of 6-value, the SCFs distribution and maximum SCFs position
of whether in chord or brace didn’t change, and the maximum SCFs position of the
intersection near the tensile brace always locates at saddle, but the maximum SCFs
position of the intersection near the compressive brace always locates at crown toe. In
addition, the SCFs of both chord and brace around the tensile and compressive
intersection increased with the increase of 6-value, as shown in Fig. 24.

5. COMPARISON WITH CHS K-JOINTS

The FEA SCFs results of CHS K-joint were compared with the results calculated
based on the design equations (Eq. (1)) given in the CIDECT Design Guide No. 8 for
CHS K-joint (Zhao 2001), as shown in Fig. 25. It shows that the FEA results of CHS K-
joint made good agreement with the calculated results by the equation of SCFs in
CIDECT so as to verify the accuracy of FEA models for CHS K-joint. Fig. 25 also
makes the comparison of SCFs for CFST K-joint with CHS K-joint, it indicates the
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maximum SCFs of CFST K-joint are much smaller than CHS K-joint, especially the
maximum SCFs of the intersection around compressive brace. Of them, the
development tendency of maximum SCFs with the variance of each parameter around
tensile brace in CFST K-joint is similar to CHS K-joint, but the development tendency
around compressive brace with the variance of y-value and B-value in CFST K-joint
was different with CHS K-joint.

Y mr %
SCF =[~]* 2 . SCF 1

The exponents y,, y, depend on the loading type and the location of interest.
The value of y,, y, and SCF are given in Appendix D of the design guide. The
validity range of the formula is 0.30<p <0.60 , 24<2y<60 , 0.25=7=1.00 ,

30° <# <60°. It should be noted that y-value of some parameter conditions in this study
is a little larger than the applicable range.
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Fig. 24 Curves of SCFs-6
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Fig. 25 Comparison of the parameters influence with CHS K-joint

At present, the common evaluation method of fatigue life for tubular joint is S-N
curves attained by mass fatigue experiment. In this method, fatigue life mainly depends
on stress range. In Table 7, the hot spot stress ranges (4oy) of both CFST K-joint and
CHS K-joint under each parameter condition are listed, which was determined using a
simple formula (A0h = Ont - Ohe), Where on: and oy are the hot spot stress in tensile and
compressive conditions, respectively. It reveals that the hot spot stress ranges of CHS
K-joint are significantly influenced by each parameter. However, the hot spot stress
ranges of CFST K-joint with variance of y-value and B-value are slightly changed or
even same with each other, and mainly affected by r-value and 6-value. Therefore, the
main parameters affecting fatigue life of CFST K-joint are r-value and 6-value.
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Table 7 Comparison of stress range

% 20 30 34.38 40
T 0.4 0.6 0.8 1.0

CFST AOCh 5.00, 7.70n 10.00, 12.30,
K-joint B 0.30 0.35 0.40 0.45
AOh 12.20, 11.50, 12.30, 13.40,

6 30° 40° 50° 57°
ACh 4.20n 7.00, 9.40, 12.30,
y 20 30 34.38 40
ACh 15.80n 20.70n 22.60n 23.40,
T 0.4 0.6 0.8 1.0

CHS AOh 8.80 13.70, 17.50, 22.60n
K-joint B 0.30 0.35 0.40 0.45
AOh 24.40, 23.10, 22.60, 21.40,
6 30° 40° 50° 57°
AOh 12.20, 16.50, 20.90, 22.60,

6. CONCLUSIONS

In this study, the range of each geometric parameter for CFST K-joint was
determined, and FE models established for obtaining SCFs of CFST joint were
validated by comparison with the existing experimental results. Moreover, the effects of
filled-concrete and geometric parameters on SCFs of CFST K-joint were revealed, and
the comparison of the parameters influence on SCFs between CFST and CHS K-joints
was conducted. Main conclusions can be summarized as follows.

(1) The range of y-, 1-, B-, 6- and p-value are [20, 40], [0.4, 1.0], [0.3, 0.6], [30°,
60°] and [-0.55, +0.25], respectively.

(2) The effect of common concrete strength on SCFs of CFST K-joint would be
negligible. Moreover, the effect of geometric parameters on SCFs of CFST K-joint can
be summarized in Table 8.

Table 8 Effect of geometric parameters on SCFs of CFST K-joint

SCFs
Tension Compression
y-value 20 — 40 () 5.98 - 7.61 () 5.64 — 4.63 ()
r-value 0.4—-1.0(") 5.00 > 7.35 (") 211 —->491 (")
B-value | 0.30 - 0.45 () | 8.56 — 7.29 () 3.62 - 6.10 ()
f-value | 30° — 57° () 3.14 > 7.35 (") 1.09 - 4.91 ()
Where, — is from one value to other value, ./ isincreasing, v is decreasing.

Parameters
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(3) The maximum SCFs of CFST K-joint are much smaller than CHS K-joint,
especially around compressive brace. The hot spot stress ranges of CFST K-joint is
hardly affected by y-value and -value, and mainly affected by r-value and 6-value.

In the future, the effect of the eccentric ratio of the joint (p-value) and the gap
between crown toes of adjacent braces (g-value) on SCFs of CFST K-joint will be
revealed. Furthermore, the SCFs equations for CFST K-joint under axial forces in the
chord and braces will be proposed on the basis of the results of a large number of
numerical parameters analysis.
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