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Abstract

In this paper, a parametric numerical study is conducted to compare the fatigue
performances of gapped and partially overlapped circular hollow section (CHS) K-joints
under different loading conditions. In order to obtain a more complete understanding of
the fatigue performances of these two joint types, the maximum stress concentrated
factor (SCF), the hot spot stress (HSS) and the predicted fatigue life for a set of selected
gapped and partially overlapped CHS K-joints which cover a wide range of geometrical
parameters are determined and compared. For the gapped CHS K-joints, their SCF, HSS
and fatigue life are obtained by using parametric equations from standard design
guideline. For partially overlapped joints, since no reliable parametric equation is available,
their SCF, HSS and fatigue life are obtained from a validated finite element modelling
procedure. The comparison results showed that the partially overlapped CHS K-joints are
able to outperform their gapped counterparts under pure or dominating axially loadings
while the reverse is true when the joints are subjected to pure or dominating in-plane

bending loadings.
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1. Introduction

Due to the ease of fabrication and the availability of many assessment methods for
ultimate strength and fatigue performance, gapped K-joints are widely used for the
construction of many tubular structures. However, when the brace to chord diameters
ratio, f, is higher than 0.7, gapped K-joints may not be easily designed due to the limited
range of validity of many design codes [1-3] and a partially overlapped joint (joints with
overlapping ratio between 25% to 75%) may be needed instead. In general, a partially
overlapped CHS K-joint has a higher fabrication cost than a gapped joint due to the more
complex intersection profile and construction procedure. However, in terms of ultimate
strength capacity, a partially overlapped CHS K-joint is generally higher than its gapped
counterpart due to the more compact connection and optimized load transfer pattern [4].
In fact, in a study comparing the costs of three K-joints design options [5], it was found
that for the same ultimate strength requirement, the partially overlapped joint is the
cheapest option, with the fabrication cost lower than that of the gapped joint which needs
a larger and thicker CHS sections. While it is clear that partially overlapped joints could
outperform their gapped counterparts in terms of ultimate static strength, only a few
small scale studies were carried out to compare the fatigue performances between these
two type of joints. Bouwkamp [4] reported that the stress concentration factors (SCF) of
overlapped CHS K-joints could be 30% lower than those of gapped CHS K-joints having the
same parameters and properties. In addition, Fessler et al. [6] reported that the hot spot
stress (HSS) could be reduced as much as 40%-45% by switching from a gapped joint
design to an overlapped joint design. In terms of fatigue strength, Gibstein [7] reported
that improvements could be obtained by using a partially overlapped joint with same
chord and brace diameters. For the development SCF and HSS equations for partially
overlapped joint, Efthymiou and Durkin [8] published their equations based on a small
scale finite element study involving 100 joint configurations and loading cases. Their
equations were verified experimentally by Dharmavasan and Seneviratne [9] using scaled
down acrylic models and it was found that overlapping may help to reduce the chord SCF.

However, a recent study by Sopha et al. [10] during full scale testing found that



Ethymiou’s formulae [8] are conservative only when the joints were subjected to in-plane
bending loading, but not for the case of axial loading. In addition, it was also found that
the HSS may be located on the brace side of the joint and this agreed with the
observations by Moe [11]. This implies that the fatigue failure mode of a partially
overlapped CHS K-joint could be different from a gapped joint in which the chord fatigue
failure almost always determines the fatigue life. Research on fatigue behaviour of
overlapped tubular K joints with an overlapping ratio larger than 50% can be found in the
works done by Gho et al. [12, 13] Gao et al. 14] and Pang et al. [15]. In addition, Mashiri et
al. [16] studied the SCF and fatigue behavior of thin-walled CHS and square hollow section
T-joints under in-plane bending loading.

The main objective of this paper is to carry out a systematic study to assess and compare
the general fatigue performances of gapped and partial overlapped CHS K-joints. The
fatigue performances of these two joint types shall be compared by a parametric study in
which some key fatigue performance criteria including the SCF, the HSS and the fatigue
life (number of constant amplitude cyclic loadings to fatigue failure) are evaluated. It
should be stressed that the objective of this paper is not to advocate the use of partially
overlapped CHS K-joint (or vice versa) but rather to find out the relative merits of these
two joint types under different loading combinations.

In the next section, the basic notations and the scope of study are introduced. They are
then followed by a concise summary of the fatigue performance comparison method
adopted. After that, the comparison results and findings are presented while in the last

section conclusions from the present study are given.

2 Basic notations and scope of study

2.1 Basic notations and joint configurations

Fig. 1 shows the general joint configurations for the gapped and partially overlapped CHS
K-joints and the parameters used for the descriptions of the joints’ geometries. Essentially

the same set of notations is used for both joint types except that {and O, are employed



to denote the gap ratio and the overlapping ratio for the gapped and partially overlapped

joints, respectively.

2.2 Range of geometrical parameters selected

Since gapped and overlapped joints are two alternative and, to some extends, competing
joint configurations, in order to make the comparison study with relevant reference values,
cares are needed when selecting the geometrical parameters of the joints. In this study,
the CHS sections used for the construction of all gapped and partially overlapped CHS K-
joints were specially selected in such a way that if the gapped joints were created, they
will produce high eccentricities just within the allowable limits specified in the design
guideline [2]. However, if the joints are created as overlapped joints from the same
sections, the eccentricity could be reduced to zero. Note that such a selection of
geometrical parameters is not to favour the performance of the overlapped joints but on
the contrary, it implies that structural engineers prefer to use gapped joints whenever it is
possible and only consider the option of partially overlapping joints for those limited cases
when the gapped joints would result in a high eccentricity.

In this study, 642 pairs of CHS K-joint configurations are considered and their geometrical
parameters are listed in Table 1. Furthermore, only partially overlapped CHS K-joints with
identical overlap and through braces and same intersection angles are considered as they
are the most commonly encountered configurations. Hence, for all the joints, 8=6,=6,,
P=p1=p> and =7,=1. The geometrical parameters of the gapped CHS K-joints are also
taken from the same table, but they are made with minimum gap distance. As shown in
Table 1, in order to present their geometrical ranges systematically, these 642 pairs of K-
joints are divided into 14 groups purely based on their S values. For each group, a suitable
chord diameter (D) is selected and a series of y (or chord thickness) values are adopted.
For each yvalue, different sets of 7 values (last column of Table 1) are employed so that
the brace shall correspond to realistic CHS dimensions. As shown in the last column of
Table 1, larger chord thickness (higher y values) shall normally lead to a larger set of 7

values for the obvious reason that more choices of brace thickness are available. Finally,



suitable pairs of overlapping ratio (O,) and intersection angle (6) are selected. It should be
mentioned that according to the study by Nguyen [17], high eccentricity gapped K-joints
are frequently occurred when 6>45° with (#>0.65 as shown in the second and third

columns of Table 1.

3 Methodology for the fatigue performance comparison
In this study, the following three key fatigue performance criteria of the joints are

evaluated and compared.

3.1 Comparison of the maximum SCF under different basic loading cases

Since a joint with a higher maximum SCF generally implies a higher HSS, the maximum SCF
attained under a certain basic load case could be a useful indicator for the fatigue
performance of the joint. In this study, for the partially overlapped joint, four basic load
cases, namely AX1, IPB1, AX2 and IPB2 were studied. As shown in Fig. 1b, AX1 and AX2 are
the basic axial (AX) loads applied at the ends of the through and the overlap braces,
respectively. Similarly, IPB1 and IPB2 are, respectively, the corresponding in-plane bending
(IPB) loads applied at the ends of the through and the overlap braces. It should be noted
that the directions of the IPB1 and IPB2 load cases are selected such that maximum SCF
shall be induced at the weld toe along the brace-chord intersection curve [10]. For the
corresponding gapped joints, due to symmetry, only the AX1 and IPB1 load cases were
applied at the end of one of the brace. In all cases, the ends of the chord are assumed to
be fully fixed and no loading was applied to the chord. Note that in reality, different levels
of chord loadings are often found in many tubular structures (e.g. trusses). However, in
order to limit the number of comparisons within a manageable level, no chord loading
was applied and the only the effects of different brace loadings were considered in this

study.



3.1.1 Calculation of SCF for gapped CHS K-joints

In order to carry out the comparison study, it is necessary to obtain the SCF expressions of
the joints. For the calculation of SCF for gapped CHS K-joints, different forms of SCF
equations were suggested in the past few decades by Kuang et al. [18], Wordsworth and
Smedley [19, 20], Efthymiou and Durkin [8], Smedley and Fisher [21], Karamanos et al.
[22] and Zhao et al. [2]. In this study, the SCF equations suggested by Smedley and Fisher
[21] were employed. These equations, which are commonly referred as the DEn SCF
equations as they were developed in a research project sponsored by the UK Department
of Energy, were selected as it was found that they are more accurate than those equations
suggested by Kuang et al. [18], Wordsworth and Smedley [19, 20] as well as Efthymiou and
Durkin [8]. Furthermore, those equations suggested by Karamanos et al. [22] and Zhao et
al. [2] are, in fact, simplified and shortened forms of the DEn equations. In addition, works
results obtained from Schumacher [23, 24] concluded that those equations suggested by
Karamanos et al. [22] were on the conservative side for joints with ¥ values equal to 12.
The DEn SCF equations for gapped CHS K-joints with identical braces are listed in Tables 2a
and 2b. The maximum SCF for each joint is obtained by checking the SCF obtained from
different brace and chord positions shown in Table 2. It should be noted that for Table 2,
the valid range of the yvalue is 10 <y< 35. However, from Table 1 one can see that yvalue
as low as 5.82 could be found. In order to duel with this out-of-range problem, in this
study, the lower limit of the application range of Table 2 was slightly extend to »=8.0.
While for joints with yvalue less than 8.0, 3D solid finite element models were created by
using the automatic mesh generation scheme developed by Lie et al. [25] so that the
maximum SCF value for the gapped joints with low ¥ value could be extracted by the

standard extrapolation method [2].

3.1.2 Calculation of SCF for partially overlapped CHS K-joints
For the calculation of SCF for partially overlapped CHS K-joints, due to the complexity of
this joint type, only the equations reported by Efthymiou and Durkin [8] are available from

the literature. However, as they were found to be not conservative for the AX loading case



[10, 17, 26], they were not adopted in this study. In order to obtain reliable SCF for
partially overlapped CHS K-joint, a special automatic mesh generation procedure
developed by Nguyen et al. [17, 27, 28] was employed to create well graded 3D solid finite
element meshes including welding details (Fig. 2a) for the 642 joints studied. The
maximum SCF of the joints were then extracted from the finite element stress analyses
results (Fig. 2b) using an appropriate extrapolation technique [2, 17, 26-28]. While such
direct analysis procedure appears to be expensive and time consuming, it turns out that
after the automatic mesh generation and stress extraction procedures are developed [17,
26-28], accurate estimations of SCF and HSS for a partially overlapped or a gapped CHS K-

joint could be determined within 20 mins on a low-end PC.

3.2 Comparison of the HSS under combined AX and IPB loadings

Since in general the fatigue life of a tubular joint will be reduced as its HSS increases,
another possible method to assess the fatigue performance is to compare the HSS of the
pairs of sample joints. As the HSS induced will be affected by the loading applied, the
following five loading cases were considered:

(i) Pure AX1 loading of 200kN.

(ii) Pure IPB1 loading of 45kNm.

(iii) Combined loading of AX1 (200kN) and IPB1 (10kNm).

(iv) Combined loading of AX1 (200kN) and IPB1 (25kNm).

(v) Combined loading of AX1 (200kN) and IPB1 (45kNm).

Obviously, the pure AX1 and IPB1 loadings were employed to study the relative fatigue
performance of the two joint types under the basic loading cases while the combined
loadings were employed to study the effects of IPB loading. Note that the values of IPB in
the combined loading cases were capped to a relatively small value of 45kNm. This is
because the design code would implicitly limit the magnitude of IPB loading by specifying
the maximum eccentricity for the case of gapped joint. While for the case of partially
overlapped joint, most eccentricity could have already been eliminated by the use of

appropriate overlapping ratio.



In the parametric study, the actual HSS achieved in the 642 sample joints were obtained
by using the SCF equations for the gapped joints with 28 and directly extracted from the

finite element analyses results for all partially overlapped joints and gapped joints with

¥<8.

3.3 Comparison of the estimated fatigue life under combined AX and IPB cyclic loadings

Since for a given HSS, the expected fatigue life is affected by the thickness of the section

under concerned, the most direct method to compare the fatigue performance of the 642

sample joints is to calculate the expected fatigue life according to the CIDECT design

guideline [2]. Under a constant amplitude cyclic loading, the expected fatigue life of a

gapped or partially overlapped joint could be determined by the following steps:

(i) For each of the intersection curve between the braces and the chord, determine the
maximum and minimum HSS under the cyclic loading.

(ii) Compute the corresponding HSS ranges under the cyclic loading for all the
intersection curves.

(iii) By using the standard S-N curve for CHS joints [2], estimate the expected numbers of
cycles to failure for all of the intersection curves.

(iv) The minimum numbers of cycles obtained in step (iii) is taken as the fatigue life of the
joint.

In this study, five different constant amplitude cyclic loadings are considered, see section

3.2, and the cycles considered are ranging from zero load to the values given previously

for the five different loading cases. Note that due to the differences of the brace and

chord thicknesses of the 642 sample joints, it is expected that the results obtained from

the fatigue life comparison are not identical with those obtained in the HSS comparison.



4. Comparison results

4.1 Comparison of SCF

In order to compare the relative performance in terms of the maximum SCF induced by
basic loading cases, the relative differences between the maximum SCF, Do,.Gap(SCF),
defined as

SCF,),

Dp,-Gap(SCF) = P % 100% (1)

are computed from the maximum SCF obtained at the chord and the loading braces. In
Eqn. 1, SCFo, and SCFg,, are the maximum SCF for the partially overlapped and the
gapped joints, respectively. Note that from Eqn. 1, the benefit of using one of these two
types of joints can be recognized by the sign of Do,.g., (SCF). A negative value of Do,.qp
(SCF) indicates that the partially overlapped joint is better (lower SCF), while a positive
value of Do,.Gq» (SCF) indicates that the gapped joint is better.

Figs. 3 to 6 illustrate the relative performances of the two joint types in terms of Do,.G4p
(SCF) when they are subjected to the AX and the IPB load cases. From Figs. 3 to 6, it can
be seen that in the AX1 and AX2 load cases the SCF on the loading brace, for the partially
overlapped CHS K-joints, are higher than that for the gapped joints, while the
corresponding SCF values on the chord are lower than that for the gapped joints. In the
IPB1 and IPB2 load cases, the SCF on both chord and braces, for the partially overlapped
joints are usually higher than that for the gapped joints. From Figs. 3 and 5, it can be seen
that the values of Do,.G4,(SCF) for the AX1 and AX2 load cases on the loading braces are
ranging from 4.30 % to 75.07%, while on the chord side is from -742.9% to 34.6 %. From
Figs. 4 and 6, it can be seen that the values of Do,.G,,(SCF) for the IPB1 and IPB2 load
cases are ranging from 30.49% to 69.64% on the loading braces, while on the chord side
the ranges are from -86.74% to 37.65%.

Hence, from the results obtained from maximum SCF, it seems that the partially
overlapped CHS K-joints are better when working under the AX load cases, and the

gapped CHS K-joints are better when working under the IPB load cases.



4.2 Comparison of HSS

Similar to the SCF comparison, the relative differences between the HSS obtained, Dg,.

Gap(HSS), defined as

HSS, — HSS
Ov S +100% (2)
HSS

Ov

Dy, ¢, (HSS) =

are computed under the five loading combinations listed in Section 3.2. In Eqn. 2, HSSo,
and HSSg,, are the HSS for the partially overlapped and gapped joints, respectively. Again,
from Eqn. 2, a negative Do,.g., (HSS) value indicates that the partially overlapped joint is
better and vice versa. The Do,.c.,(HSS) distributions obtained from different loading
combinations are plotted in Figs. 7 to 11.

In general, locations of HSS depend on both the loading applied and the geometrical
parameters of the joints and their relationships are not simple. For detailed results of the
locations of the HSS locations, one may refer to reference [2] for the gapped joints and
references [10] and [17] for the partially overlapped joints. However, by analyzing the HSS
obtained from the two joint types, it was found that when the joints were subjected to the
basic load of AX1=200kN, all HSS occurred on the chord side for the gapped joint.
However, in 79.40% of the partially overlapped joints, HSS occurred on the through brace
or the overlap brace side. Furthermore from Fig. 7, it is observed that the partially
overlapped joints are more favorable than the gapped joints under the AX1 load case.
Detailed investigations showed that 88.65% of gapped joints have higher HSS than their
corresponding partially overlapped joints. Only 11.35% of partially overlapped joints,
mainly those having braces with yvalue higher than 12, have higher HSS than their gapped
counterparts. In other words, partially overlapped joints behave better under AX load
when the yvalue is under 12.

For the case of IPB11=45kNm, it was found that for the gapped joints, the HSS occurred on
the chord and brace sides with a proportion of 84.12% and 15.88%, respectively. While for
the partially overlapped joint, the HSS occurred on the chord and the brace sides with a
proportion of 23.36% and 76.64%, respectively. From Figure 8, it is observed that under

pure IPB loading, the gapped joints showed better performance than the corresponding

10



partially overlapped joints. This observation could be attributed to the fact that partially
overlapped joints are generally stiffer than the gap joints. As a result, HSS frequently
occurred on the braces of the partially overlapped joints which are usually thinner than
the chords, eventually higher HSS was induced there.

For the remaining three combined loading cases, it is obvious that the relative magnitudes
of the AX and IPB loadings affected the results obtained. Nevertheless, it is believed that
these load combinations would give some hints on the relative performances of the two
joint types. In addition, it was found that even with the present of IPB loading, in all the
three combined loading cases, the HSS for the gapped and partially overlapped joints still
mainly occur on the chords and the braces, respectively. Plots of the distributions of Dg,.
Gap(HSS) for the three combined loading cases are shown in Figs. 9 to 11. From these
figures, it can be observed that with the increase of IPB, the benefit turned out in favor of
the gapped joints. In particular, detailed analysis of the data shows that the percentage of
cases where the gapped joints have higher HSS was decreased from 59.32% to 35.83% and
eventually to only 18.11% when the IPB loading was increased from 10kNm to 25kNm and
then to 45kNm, respectively.

From the above HSS comparison, it was observed that the relative difference of HSS
between the gapped and the partially overlapped joints follows a similar pattern as in the
case of SCF comparison. In particular, partially overlapped and gapped joints perform
better under the AX loading and the IPB loading, respectively. However, it should be
remarked that since under different loading conditions, the HSS values could occur at
different intersection curves of the joint which corresponding to different sectional
thicknesses. Therefore, the predicted fatigue life should also be considered so that a more
complete understanding about the fatigue performance of these two types of joints could

be obtained.

4.3 Comparison of predicted fatigue life
During the comparison of predicted fatigue life, Do,.g4p(FL), the relative differences

between the numbers of cycles to failure are computed as:
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D rr)=Foo—Fow 1000 3
vaGap( ) F X 0 ( )
Ov

In Eqn. 3, Fo. and Fg,, are, respectively, the numbers of cycles to failure estimated by
using the standard S-N curve [2] for the partially overlapped and gapped CHS K-joints.
From Eqn. 3, it can be seen that a positive value of Do,.4 (FL) indicates that the partially
overlapped joint is in favor and vice versa. The distributions of Do,.g.p(FL) for the five
different loading combinations listed in Section 3.2 are shown in Figs. 12 to 16.

From Fig. 12, it can be seen that under the action of pure AX loading, the partially
overlapped joints performed better than their gapped counterparts with 92.91% of the
gapped joints failed earlier. In addition, detailed analysis of the results shown that for the
7.09% cases where the partially overlapped joints failed earlier, they all have yvalues of
more than 12. For the case of pure IPB loading shown in Fig. 13, it can be seen that the
gapped joints is the preferred joint type as almost all partially overlapped joints involved
in this comparison failed earlier than the corresponding gapped joints.

For the remaining combined loading cases shown in Figs. 14 to 16, a similar changing in
patterns of distributions as in the case of HSS comparison could be seen: As the
magnitude of the IPB component was increased from 10kNm (Fig. 14) to 25kNm (Fig. 15)
and then eventually to 45kNm (Fig. 16), the percentages of cases when the gapped joint
failed earlier than the partially overlapped joint were decreased from 79.92% to 43.04%
and then to 21%, respectively. Hence, it could be concluded that the gapped joints will
gradually become the favored joint type as the magnitude of the IPB component increases.
Finally, after some detailed analyses of the data plotted in Figs. 7 to 11 with the
corresponding figures in Figs. 12 to 16, it was found that the percentages of cases where
the overlapped joints are in favour during HSS comparison are slightly different from that
obtained during fatigue life comparison. This observation confirmed the effects of the
thicknesses of the sections on the actual fatigue life of the joints. This effect can be

classified as marginal.
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One final remark regarding the comparison results is that as the main objective of this
study is to compare the overall fatigue performance between the gapped and overlapped
CHS K-joint under different loading cases rather than to investigate in details the effects of
different geometrical parameters, no attempted was made to check for the possibility of
regrouping the 14 groups of joints indicated in Table 1 to identify any correlation between
the major geometrical parameters and the relative fatigue performances of the two joint

types.

4.4 Implications on the design of trusses

From the practical point of view in the actual design of trusses, it is common to assume
that the members are pin-ended, although some bending moments will be introduced,
mostly due to misalignments between the centerlines of intersecting members at
connections. Furthermore, some design manuals such as the [IW [29] recommended that
these moments can be neglected during the joint design provides that the eccentricity
associated with them falls within the limits stipulated in the CIDECT guide [2]. In addition,
secondary bending moments are also introduced into the members due to the end fixities
of the members and inherent stiffness of the joints. However, Packer et al. [30] suggested
that these moments can also be ignored with respect to design of both members and
joints, on the basis that there is adequate deformation and rotation capacity in both the
joints and members which allow stresses to be redistributed at the ultimate limit state, or
after local yielding of the joints. Therefore, based on the results presented in this study,
partially overlapped K-joints could be regarded as a favorite choice when compared to
gapped CHS K-joints on fatigue performance so long as the magnitude of the IPB
components could be controlled by limiting the connection eccentricities within the

stipulated limits by the CIDECT guide [2].
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5 Conclusions

In this paper, the results obtained from the parametric numerical study on the relative
fatigue performances of partially overlapped CHS K-joints and their corresponding gapped
counterparts were reported. The fatigue performances were assessed by comparing the
SCF, HSS and actual fatigue life between a set of selected gapped and overlapped CHS-K
joints with similar geometrical parameters. Both the SCF and the HSS comparisons yield
consistent results and they indicated that partially overlapped CHS K-joints are better
when working under the AX loading case. On the other hand, gapped CHS K-joints were
found to better when working under the IPB loading case. From the results obtained
during fatigue life comparisons under different braces loading cases, despite the marginal
effects of different sectional thickness of the joint members, it was found that the
overlapped joints are still be favoured when dominating braces axial loadings are applied.
Finally, it could be concluded that as during actual truss design most of the members will
be assumed to be axially loading only, a partially overlapped CHS K-joints could be
regarding as a favourite when comparing with its gapped counterpart in terms of fatigue

performance.
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Notations

The following symbols are used in this paper:

CHS
AX
IPB

SCF

HSS

t

(2

B

T

= Circular hollow section

= Axial loading

= In-plane bending

= Stress concentration factor

= hot spot stress

= Diameter of Chord

= Diameter of braces

= Length of chord

= Gap distance between two braces for gapped joint
= Projection length of overlapped brace diameter on chord
= Length of overlap between two braces

= Overlapping ratio

= Thickness of chord

= Thickness of brace

= Chord length parameter

= Brace-to-chord diameter ratio

= Brace thickness to chord thickness ratio

¢ = Brace to chord width ratio

SCFo,
SCFgup
Doy-Gap(SCF)
HSSo,
HSSGap
Doy-Gap(HSS)
Foy

FGap

Doy-Gap (FL)

= Maximum SCF for the partially overlapped CHS K-joint

= Maximum SCF for the gapped CHS K-joint

= Relative differences between the maximum SCF

= HSS for the partially overlapped CHS K-joint

= HSS for the gapped CHS K-joint

= Relative differences between the HSS

= Numbers of cycles to failure for the partially overlapped CHS K-joint
= The numbers of cycles to failure for the gapped CHS K-joints

= Relative differences between the numbers of cycles to failure
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Figure 1. Basic notations for the gapped and the partially overlapped CHS K-joints
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(a) Typical mesh used

(b) Stress distribution from the FE model

Figure 2. A typical 3D solid finite element mesh used for the analysis of partially overlapped CHS
K-joint
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Table 1 Geometrical parameters of the 642 CHS K-joint configurations (Groups 1 to 6)

Groups Vi 0,and 0 y T(mm) 7 (t/T)
Group 1 0.91 0.45 and 60°; 14.82 12 1
D=355.6mm 0.37 and 55°; 14.22 12.5 0.8,0.96, 1
87 Joints 0.29 and 50° 12.7 14 0.86, 0.89, 1.0
12.52 14.2 0.85, 0.88, 0.99, 1.00
11.11 16 0.63, 0.75, 0.78, 0.88, 0.89
8.89 20 0.50, 0.60, 0.63, 0.70, 0.80, 1
*7.11 25 0.48, 0.5, 0.56, 0.57, 0.64, 0.8, 1
Group 2 0.9 0.36 and 55° 17.06 8 0.75,0.79, 1
D=273mm 13.65 10 0.8,1
50 Joints 11.38 12 0.5,0.53,0.67,0.83,1
10.92 12.5 0.5, 0.64, 0.8, 0.96, 1
9.75 14 0.57,0.71, 0.86, 0.89, 1
9.61 14.2 0.56, 0.85, 0.88, 0.99, 1
8.53 16 0.38, 0.39, 0.50, 0.63, 0.75, 0.78, 0.88, 0.89, 1
*6.83 20 0.3,0.32,0.4, 0.6, 0.63,0.7,0.71, 0.8,1
*5.46 25 0.4,0.48,0.5,0.56,0.57, 0.64, 0.8
Group 3 0.95 0.25 and 45° 14.82 6 1
D=177.8mm 14.11 6.5 0.95,1
21 joints 11.11 8 0.63,0.75,0.79, 1
8.89 10 0.6, 0.63, 0.8, 1.00
*7.41 12 0.5,0.53,1
*6.35 14 0.43,0.45, 0.57,0.71, 0.86, 0.89, 1
Group 4 0.92 0.46 and 60°; 16.14 6 1
D=193.7mm 0.38 and 55°; 15.37 6.3 0.79
87 joints 0.30and 50° | 12.11 8 0.75,0.79,1
9.69 10 0.5,0.6,0.63,0.8, 1
8.07 12 0.53,0.67,0.83, 1
*7.75 12.5 0.5, 0.64,0.8,0.96, 1
*6.82 14.5 0.56, 0.70, 0.85, 0.88, 1
*6.05 16 0.5, 0.63, 0.75, 0.78, 0.89
Group 5 0.88 0.43 and 60°; 13.69 8 0.75,0.79, 1
D=219.1mm 0.35 and 55°; 10.96 10 0.5,0.6,0.63,0.8, 1
120 joints 0.27 and 50° 9.13 12 0.5,0.53, 0.67,0.83, 1
8.76 12.5 0.5, 0.64, 0.8, 0.96, 1
*7.71 14.2 0.42,0.44,0.56,0.7,0.85, 0.88, 1
*6.85 16 0.38, 0.39, 0.5, 0.63, 0.75, 0.78, 0.89
*5.48 20 0.3,0.32,0.4,0.5, 0.6, 0.63, 0.71, 0.8
Group 6 0.87 0.42 and 60°; 16.14 6 1.00
D=193.7mm 0.34 and 55°%; 15.37 8 0.79
87 joints 0.26 and 50° 12.11 10 0.75,0.79, 1
9.69 12 0.5,0.6,0.63,0.8, 1
8.07 12.5 0.53,0.67,0.83, 1
*7.75 14.2 0.5, 0.64,0.8,0.96, 1
*6.82 16 0.56, 0.70, 0.85, 0.88, 1
*6.05 20 0.5, 0.63, 0.75, 0.78, 0.89
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Table 1 Geometrical parameters of 642 CHS K-joint configurations (Continued, Groups 7 to 14)

Groups Vi 0,and 0 y T(mm) 7 (t/T)
Group 7 0.84 0.35 and 60° 16.2 8 1
D=219.1mm 13.5 10 0.83,1
26 joints 12.96 12 0.80, 0.96, 1
11.57 12.5 0.86,0.89, 1
11.40 14 0.85,0.88,0.99, 1
10.12 14.2 0.5, 0.63, 0.75, 0.78, 0.88, 0.89
8.10 16 0.4,0.5,0.6
*6.48 20 0.32, 0.4, 0.48, 0.5
Group 8 0.83 0.40 and 60°; 14.30 6 1
D=168.3mm 0.31 and 55° 13.36 6.3 0.95,1
34 joints 10.52 8 0.75,0.79, 1
8.42 10 0.6, 0.63,0.8
*7.01 12 0.53,0.67,0.83,1
*6.01 14 0.71,0.86,0.89, 1
Group 9 0.82 0.39 and 60°; 11.09 6.3 0.95,1
D=139.7mm 0.30 and 55° 8.73 8 0.75,0.79, 1
26 joints *6.99 10 0.60, 0.63,0.8, 1
*5.82 12 0.53,0.67,0.83, 1
Group 10 0.77 0.25 and 55° 14.82 12 1
D=177.8mm 14.22 12.5 0.8,0.96, 1
29 joints 12.7 14 0.86,0.89, 1
12.52 14.2 0.85,0.88,0.99, 1
11.11 16 0.63, 0.75, 0.78, 0.88, 0.89
8.89 20 0.50, 0.60, 0.63, 0.70, 0.80, 1
*7.11 25 0.48, 0.5, 0.56,0.57,0.64,0.8, 1
Group 11 0.73 0.31 and 60° 11.09 6.3 0.95,1
D=168.3mm 8.73 8 0.75,0.79, 1
13 joints *6.99 10 0.60, 0.63,0.8, 1
*5.82 12 0.53,0.67,0.83,1
Group 12 0.75 0.34 and 60° 16.2 10 0.8,1
D=193.7mm 135 12 0.83,1
24 joints 12.96 12.5 08,1
11.57 14 0.86, 0.89
11.40 14.2 0.85, 0.88
10.12 16 0.5, 0.63, 0.75,0.78
8.10 20 0.4,0.5,0.6,0.63, 1
*6.48 25 0.32,0.4,0.5,0.64,0.8
Group 13 0.72 0.31 and 60° 16.14 6 1
D=193.7mm 15.37 6.3 1
22 joints 12.11 8 0.75,0.79, 1
9.69 10 0.6,0.63,0.8,1
8.07 12 0.5, 0.53, 0.67, 0.83
*7.75 12.5 0.48, 0.5, 0.64
*6.82 14.2 0.42,0.44, 0.56, 0.7
*6.05 16 0.5, 0.63
Groupl4 0.68 0.26 and 60° 13.36 6.3 0.95,1
D=168.3mm 10.52 8 0.75,0.79,1
16 joints 8.42 10 0.6,0.63,0.8
*7.01 12 0.53,0.67,0.83,1
*6.01 14 0.71,0.86,0.89, 1

*Cases where the results for the gapped joint were obtained by finite element modellings.
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Table 2a. DEn SCF equations for gapped CHS K-joints with identical braces
Load type SCF equations

AX loading on one brace only SCF.s=1.18xTIxSIx(FlorF2)
(AXL or AX2) SCFop = 1.13xT2% S2+ BOx BI
SCFyg =1.20xT3xSIx(FlorF2)
SCFp =1.23xT4x 82

IPB loading on one brace only SCF. =1.15xT5

(IPB1 and IPB2) SCF, =1.17 xT6

Legend for Table 2a

SCFs=SCF at the chord saddle
SCFc=SCF at the chord crown
SCFps=SCF at the brace saddle
SCFc=SCF at the brace crown
SCF=Maximum SCF on the chord side
SCFg=Maximum SCF on the brace side

Table 2b Equations for the T, S, B and F factors used in Table 2a
TFactors | 77— y!2(2. 28— 257 )sin’0; T2 =1y"*(3.58 — 2.4B° )sin"0
T3=1+17"%"3(0.768 - 0.787 )sin®’0 ; T4 = 2.68"5y(1 =055 i (1=F)g
75 = 1.220%8 gyU=098)sin-F g, T6 = 1+ «"yp(0.26 — 0.21B)sin"0

S Factors sinf )i
Sl = ]—0.4exp —30)62( j ;82 = ]+0.4exp —2_x2 5
Y Y sin” 0

8 Factors For single axial load: B0 = CT(ﬁ - r/(2();))(0;//2(2— )ﬁ)/sin@)sin&
- I

For balanced axial load: BO = 0

Bl=1054+ 30c"° (1.2 = B)cos*0 +0.15 _

l4
0.5 for fully fixed chord ends

C =4 1.0 for pinned chord ends
0.7 for other cases

F Factors For a > 12 : F1=F2=1.0
Fora <12 :

Fl1=1-(0.838-0.568° —0.02)y" Zexp(—0.21y %)
F2=1-(1.438-0.9787 —0.03)y" " exp(-0.71)*¥a*7 )

Validity range for equation shown in Tables 2a and 2b:
0.13<p<1.00; 10.0<y<35;025<t<1.00; 30 <0<90°;4.0<a; 0.00<<1.00





