1. Introduction

Evaluation of the performance of circular hollow section joints

reinforced by stiffened plates under fatigue loadings

L.M. El-Hifnawy, E.A. Mashaly, M.M. El-Heweity
and T.M. Ragab

Structural Eng. Dept., Faculty of Eng., Alexandria University, Alexandria, Egypt

The aim of this paper is to evaluate the performance of Circular Hollow Section (CHS)
joints reinforced by stiffened plates under fatigue loadings. This is done by studying the
Stress Concentration Factors (SCFs) of stiffened tubular joints subjected to various types
of basic loadings such as axial force, in plane and out-of-plane bending moments. The
finite element method is adopted in the numerical parametric studies to calculate the
SCFs. To verify the numerical results, the results of unstiffened joints are compared with
those of the empirical formulae available in the literature. After the verification, a
parametric study is generated in order to evaluate the performance of stiffeners in CHS
joints. The parametric study is done by varying the geometrical parameters of the joints
such as the wall thickness ratio and the diameter ratio between the brace and the chord
members of the joints. Also, the variation of the thickness of the stiffened plate as a ratio
from the chord thickness is considered in the parametric study. From the results obtained,
the stress concentration factors in the stiffened joints were found lower than in the
unstiffened joints which enhance the performance of joints under fatigue loadings.
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method makes wuse of internal stiffeners.

Circular Hollow Sections (CHS) are
commonly used in offshore structures as
structural members due to their inherent
properties in minimizing the hydrodynamic
force and possessing high torsional rigidity.
These members are constantly subjected to
the combined action of dynamic forces from
waves, wind, and seismic activity. As a result,
very high stresses are induced in the tubular
joints, especially around the brace/chord
intersections.

Currently, there are two methods com-
monly used in the offshore industry to
reinforce tubular joints as a result of altera-
tion and/or addition of loading. The first
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Tubular joints reinforced by internal stiffeners
have been studied extensively. Callan et al. [1]
and Agostoni et al. [2] studied the stress
distribution of ring-stiffened tubular joints.
Holmes et al. [3], Recho et al. [4], Reynolds
and Sharp [5], Munaswamy et al. [6], Chen [7],
and Dharmavasan and Aaghaakouchak [8]
studied the stress distribution of internally
ring-stiffened tubular joints. Internal stiffening
is considered the most effective and least
costly method to reinforce large diameter
tubular joints of offshore structures [9]. It can
provide the necessary rigidity and ultimate
strength, without using excessively large wall
thickness. However, when the structure is in
service, inspection and reparation of the
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internal stiffeners are difficult. Furthermore,
the use of tubes of small diameter also
prevents the use of internal stiffeners due to
accessibility problems [10].

The second method is to use doubler
plates or gusset plates. Reinforcing tubular
joints with doubler plates can solve punching
shear failure problems due to axial compres-
sion. Fung et al. [11] and Choo et al. [12]
tested and analyzed tubular joints with
doubler plates to calculate the ultimate static
strength of the joint under various types of
loadings. The results showed that the doubler
plate was effective in resisting axial compres-
sion, axial tension, inplane and out-of-plane
moments. As for the study on the Stress
Concentration Factors (SCFs) of welded
tubular joints reinforced with the doubler
plate, Fung et al. [10] verified this method of
reinforcing experimentally. Soh and Soh [13]
and Soh et al. [14] presented a numerical
study on the stress analysis of doubler plate
reinforced tubular joints subjected to axial
tension and inplane bending load. Their
analysis showed that doubler plate reinforced
joints would have less severe fatigue problems
than the corresponding unreinforced joints
due to axial load under certain conditions.

Other studies were carried out by Soh et
al. [15] and Fung et al. [12]. Both the axial
compression and out-of-plane bending load
were considered in these studies. Results
consistent with the previous study were
obtained (i.e., doubler plate reinforced joints
will not have a more severe fatigue problem
than the corresponding unreinforced joints
under axial tension and bending while the
performance under axial compression can be
significantly improved). Berkhout [16] has also
presented some numerical SCF results for
doubler plate joints.

In this paper, a new method to reinforce
tubular joints is investigated. The method
depends on using side stiffeners welded to the
brace and chord of the joints. Hence to
evaluate the performance of the new method,
it is important to study the behavior of this
stiffened tubular joints under various types of
loadings.

Apart from the ultimate capacity, fatigue
strength should be considered in the design of
tubular joints. Fatigue failure could occur

even when the stress level is much lower than
the ultimate strength of the material. Hence,
the wultimate strength failure criterion is
inadequate to handle fatigue problems.

A practical way to deal with fatigue is to
relate fatigue failure to the corresponding S-N
curves. Hot Spot Stresses (HSS) in
conjunction with the appropriate S-N curves
are widely used to determine fatigue life in
designing offshore structures [17]. Hot spot
stress is normally defined as the extrapolated
stress at the weld toe, from the stresses within
the linear extrapolation region as
recommended in the New Guidelines for
Fatigue of Hot Spot Stress Connections [18§].
Instead of using the principal stresses, the
stresses perpendicular to the weld toe are also
recommended. The major discontinuity in
tubular joints is at the brace/chord
intersection where hot spot stresses could
occur in these regions.

To generalize the results, the SCF is
introduced as a dimensionless ratio of the hot
spot stress, owss, to the nominal stress, ow,
obtained by the simple beam theory, where

SCF = ZHSS | (1)
ON
Many researchers have  established

empirical SCF formulae for various types of
unstiffened tubular joints. The results are
expressed in terms of some nondimensional
geometric parameters; the commonly used
nondimensional geometric parameters in
tubular joint design are:

1. a=2L/ D: chord length parameter, indicat-
ing the chord beam bending characteristics;
2.=d/D: diameter ratio, indicating the

compactness of the joints;
3.y=D/2T : the ratio between the diameter

and the thickness of the chord, indicating the
slenderness ratio of the chord; and

4. 7=t/T : wall thickness ratio, indicating the
likelihood that the chord wall will fail before
the brace cross section fractures.

Where, L is the length of the chord member, d
is the diameter of the brace member, D is the
diameter of the chord member, t is the
thickness of the brace member, and T is the
thickness of the chord member.
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Additional parameter related to the
stiffened plate welded to the unstiffened joints
is the thickness of the stiffened plate, ts. Fig. 1
shows a typical welded CHS joint reinforced
with stiffened plate.

2. Finite-element analysis

In this study, the commercial software
package COSMOS/M V. 2.6 [19] is wused.
Isoparametric thin shell elements with 4-
nodes at the corners are adopted in this
study. In general, the stress concentration
usually occurs near the weld area. Hence, the
modelling of weld should have a significant
influence on the stress result near the weld
area. At the intersection of the brace and the
chord and at the intersections at the stiffener
and the brace and the chord, the actual
thickness and the presence of the weld create
a zone of a very complicated three-dimen-
sional stress distribution. So, the finite ele-
ment mesh is chosen to be quite fine around
the area of inclusion and intersections where
maximum stresses may occur.

In the analysis, the material properties of
the brace, chord, and stiffeners are taken as
210,000 N/mm? for modulus of elasticity, E,
and 0.30 for Poisson’s ratio, v. The welding
material is assumed to have the same material
properties as structural steel.

Three basic load cases, namely, axial com-
pression, inplane and out-of-plane bending
moments, are considered in the numerical
study. For the axial load, only one quarter of
the joint is modelled. For inplane and out-of-
plane bending, one half of the joint is
modelled. Appropriate boundary conditions
are assigned along the planes of symmetry.
The ends of the chord member are introduced
as hinged supports in the finite element
model. Fig. 2 shows the typical finite element
mesh of the model for the stiffened and
unstiffened CHS joint.

3. Verification of the finite element results

The SCFs obtained from the numerical
analysis and those obtained from the empiri-
cal formulae were used for comparison to
verify the suggested finite element model for
unstiffened CHS joints. Three load cases were
considered (namely, axial compression, in-

plane and out-of-plane bending moments).
The available empirical formulae used in the
comparison are those obtained by Gibstein
[20], Wordsworth [21], Potvin [22] and
Efthymiou [23].

Table 1 lists summary of the empirical SCF
formulae for wunstiffened tubular T-joints.
While table 2 shows the SCFs at the brace and
chord for all cases of loadings obtained by the
numerical analysis and by empirical formulae.
The SCFs at the brace and chord are
presented at figs. 3 to 8 for all loadings.

From the results tabulated in table 2 and
plotted in figs. 3 to 8, it can be noticed that:

e The empirical formulae have significant dif-
ferences between each others. This is because
that these formulae are based on experimental
and numerical results which have different
assumptions and approximations.

e In case of axial force, the finite element
results look to be within the results of the
empirical formulae for chord position. While,
for brace position the finite element results
tend to be more reliable by increasing the
thickness ratio, t.

e The results of the finite element model are
almost close to those of Gibstein formula [20]
in case of inplane moment. On the other hand,
the finite element results look to be near to
those of Wordsworth formula [21] in case of
out-of-plane moment.

4. Parametric study

In this study, finite element analyses are
conducted for a wide range of stiffened and
unstiffened CHS joints to calculate the SCFs
of these joints. Three basic load cases namely,
axial compression, inplane and out-of-plane
bending moments, are considered in the study
to evaluate the performance of stiffeners on
the performance of CHS joints. For each load
case, two of the geometrical parameters of the
joints are studied. The first parameter is the
diameter ratio between the brace and the
chord member, g, and is taken equals 0.3, 0.5
and 0.7. For each g the thickness ratio, 7,
between the brace and chord member is
changed and is taken equals 0.25, 0.50 and
1.00. Additional parameter in case of stiffened
joints namely the thickness of the stiffener
plate, ts, is introduced as a ratio from the
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chord wall thickness, T, (y=ts/T). This ratio is the slenderness ratio of the chord equals 12

varied and is taken equals 0.25, 0.50 and (i.e. y=12), the height of the brace equals 150
1.00. cm, and the height of the stiffener plate equals

For all the analyzed joints, the length of 20 cm with slope 1:1.
the chord is taken equals 350 cm (i.e. a=14),

2 )
|

All dimensions are in Cm

Fig. 1. Typical welded CHS T-joint reinforced by stiffened plate.
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Fig. 2. Finite element mesh of the analyzed un-stiffened and stiffened CHS joints.

Table 1
summary of the empirical SCF formulae for unstiffened tubular joints
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Formula by

Load application

SCF formula

Validity range

Axial force

Chord:

SCF=[1.5-3.88(/-

0.47)2].y0-87 (137, (ar/ 2)°-06.5in1-690
Brace:

SCF=[1.09-1.93(p-

0.5)2]./°76.(¢)%57.(@/ 2)°12.sin' 940 0.3<p<0.9
Gibstein Chord: 10<)<30
[20] Inplane moment SCF=[1.65-1.1(5-0.42)2].y0-38,(7)1.05.sin0-579 0.4<<1.0
Brace: 3.5<a/2<8.0
SCF=[0.95-0.65(-0.41)2].5°-39.(7)029.sin0210
Chord:
Out-of-plane SCF=[1.01-3.36(5-0.64)2]./2:95.(7)1-18.sin!-560
moment Brace:
SCF=[0.76-1.92(f-0.72)2]./°-89.(7)-47.sin2-039
Chord:
3
g‘l’]rdsworth Axial force SCF=7.7.5.(6.78-6.42/3). sin (17*07/ ) g
Brace: 0.13<4<1.0
SCF=1+0.63 SCFchord 12<p<32
Chord: 0.25<#x1.0
Inplane moment SCF=0.7506.5.(1.6/0%5-0.7/7). sin 15 168) g 85¢=30
Brace:
SCF=1+0.63 SCFchord
Chord:
Out-of-plane SCF=y.2.4.(1.56-1.46/%). sin # (15-1448) g
moment
Brace:
SCF=1+0.63 SCFchord
Chord:
SCF=1.981.)0-808 (7)1.333 ()0.057, e—l.2ﬁ3 sin16949
Axial force
Brace: 0.356<1.0
3
SCF=3.751.55.(4.()012. € 398" ginioag (?.Szyi?o.s
Chord: 7<a<40
Potvin Inplane moment SCF=0.702.06.(7)0-86,(/3)-0.04, sin0-57¢
[22] Brace:
SCF=1.301.023,(7)0-38,(f)-0-38, sin0-219
Chord:
SCF=1.024./30-787,y1.014 (7)0-889 5in1.557 9 0.3<$<0.55
Out-of-plane SCF=0.462.30:619 51014 (7)0.889 5in1.557 9 0.55<4<0.75
moment Brace:
SCF=1.552, 0801 j0.852 (7)0-543_sin2.033¢) 0.3<p<0.55
SCF=0.796.30-281 50852 ()0-543,5in2.033 9 0.55<4<0.75
Chord: 0.3<Bp<1.0
Efthymiou Axial force SCF=y.(79)*-1[1.11-3(5-0.52)?] 8<)<33
[23] Brace: 0.2<<1.0

SCF=1.3+7,(1°52.[0.187-1.25411(8-0.96)]
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Table 2
SCFs calculated from the empirical formulae and the finite element model for un-stiffened CHS T-joints

a) case of axial force

L.M. El-Hifnawy et al. / Circular hollow section

(SCF)ax
Position B T Gibstein Wordsworth Potvin Efthymiou
formula formula Formula formula F.E results
0.25 2.03 2.94 2.63 2.52 2.45
030  0.50 5.24 5.87 6.60 5.40 5.91
1.00  13.55 11.75 16.60 11.58 14.52
o 0.25 2.19 3.36 2.34 2.90 2.52
2 0.50 0.50 5.65 6.72 5.87 6.21 6.26
© 1.00  14.61 13.44 14.76 13.31 15.62
0.25 1.89 2.96 1.80 2.65 2.39
0.70  0.50 4.89 5.92 4.52 5.67 6.04
1.00 12.64 11.83 11.36 12.15 15.77
0.25 3.84 2.85 4.87 3.67 1.76
0.30  0.50 5.70 4.70 9.74 4.70 3.75
1.00 8.45 8.40 19.47 6.18 7.25
° 0.25 4.13 3.12 4.26 3.96 1.56
§ 0.50 050 6.13 5.23 8.53 5.11 3.39
8 1.00  9.10 9.47 17.06 6.76 6.83
0.25 3.84 2.86 3.18 3.67 1.50
0.70 0.50 5.70 4.73 6.35 4.70 3.36
1.00  8.45 8.45 12.71 6.18 6.99
b) Case of inplane moment
(SCR)ip
Position B T Gibstein Wordsworth Potvin
formula formula formula F.E results
0.25 0.98 1.23 0.99 1.09
030 050 2.03 2.14 1.80 2.22
1.00  4.20 3.73 3.27 4.68
.l 0.25 0.99 1.29 0.97 1.07
2 0.50 050 2.04 2.24 1.77 2.08
© 1.00  4.22 3.90 3.21 4.27
0.25 0.94 1.23 0.96 1.06
0.70 050 1.94 2.14 1.74 1.95
1.00  4.02 3.73 3.16 3.89
0.25 1.66 1.78 2.15 0.88
030 0.50 2.03 2.35 2.80 1.58
1.00 2.48 3.35 3.64 2.57
9 0.25 1.67 1.81 1.77 0.84
g% 0.50 0.50 2.04 2.41 2.30 1.45
1.00  2.49 3.46 3.00 2.38
0.25 1.58 1.78 1.56 0.76
0.70 050 1.93 2.35 2.03 1.25
1.00 2.36 3.35 2.64 2.15
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c) case of out-of-plane moment

(SCF)op
Position B T Gibstein Wordsworth Potvin
formula formula Formula F.E results
0.25 1.28 1.44 1.44 1.66
0.30  0.50 2.91 2.87 2.66 3.49
1.00  6.59 5.75 4.93 7.67
o 025 1.95 2.35 2.15 2.35
2 0.50 050 4.42 4.69 3.98 5.10
© 1.00 10.01 9.38 7.37 11.37
0.25 2.06 2.95 2.09 2.49
0.70  0.50 4.67 5.91 3.87 5.66
1.00  10.58 11.82 7.16 13.32
0.25 2.00 1.91 2.32 1.06
030 050 2.78 2.81 3.37 2.02
1.00  3.85 4.62 4.92 3.57
9 0.25 3.17 2.48 3.49 1.29
L%‘ 0.50  0.50 4.40 3.96 5.08 2.54
1.00  6.09 6.91 7.40 4.57
0.25 3.61 2.86 3.44 1.37
0.70  0.50 5.00 4.72 5.02 2.88
1.00  6.93 8.44 7.31 5.50
4 8
35 7
L — 1 | — 1 ——|
3 e i s Zﬁ\%
3 %° —] 3°
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U B ) i .
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Fig. 3. Comparison between the SCF's of the finite element model and those of empirical formulae at chord for different
ratios (case of axial force).
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Fig. 4. Comparison between the SCFs of the finite element
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Fig. 5. Comparison between the SCFs of the finite element

model and those of empirical formulae at chord for
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Fig. 7. Comparison between the SCF's of the finite element
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Fig. 8. Comparison between the SCFs of the finite element
model and those of empirical formulae at brace for
different r ratios (case of out-of-plane moment).

The results of the parametric study are
listed in table 3 for all the analyzed joints
under different loading conditions. Also, the
results are plotted in figs. 9 to 13 for different
geometrical parameters at different joint
locations in case of axial force, inplane
moment, out-of-plane moment, axial force
with inplane moment and axial force with
inplane and out-of-plane moments. The
plotted results are in the form of a ratio
between the SCF for stiffened joints and the
SCF for unstiffened joints. In the following
subsections the obtained numerical results
are discussed.

5. Discussion of results

5. 1. Influence of width ratio, 3, on stress
concentration factors

Table 3 shows that under axial loading, an
increase of g results in a slightly increase of
SCFs at the chord locations, meanwhile a
slightly decrease of SCFs at the brace
locations occur by increasing the g value. The
p value does not have much effect on the
stresses in case of CHS joints reinforced by
stiffened plate. Under inplane moment, on the
brace and on the chord, the increase of £
value decreases the SCFs. For out-of-plane
moment, the SCF values consistently increase
with increasing the g value for both the chord
and the brace.

5.2. Influence of wall thickness ratio, 7, on
stress concentration factors

From table 3, it can be noticed that for
axial loading, an increase of 7 ratio increases
the SCF ranges. The changes of the range are
more significant on the SCFs at the chord
than the SCFs at the brace. This implies that
the influence of 7 on SCFs at the chord is
more significant than the SCFs at the brace.
The same phenomena occur for inplane and
out-of-plane moments.
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Table 3
Stress concentration factors from finite element analyses for all the analyzed joints
a) chord locations

SCF for axial force

g SCF for inplane moment SCF for out-of-plane moment
g A No stiff. ¢=0.25 y=0.50 y=1.00 no stiff. y=0.25 p=0.50 y=1.00 No stiff. y=0.25 y=0.50 =1.00
0.25 1.37 0.63 0.63 0.62 1.09 0.33 0.33 0.35 0.02 0.02 0.01 0.00
0.30 0.50 3.54 0.60 0.50 0.45 2.22 0.30 0.26 0.24 0.05 0.03 0.00 -0.03
o 1.00 5.47 1.46 1.08 0.86 4.68 0.40 0.26 0.19 0.12 0.11 0.05 -0.02
5 0.25 1.29 0.81 0.83 0.84 1.07 0.61 0.63 0.65 0.04 0.03 0.02 0.00
_g 0.50 0.50 2.14 0.86 0.84 0.84 2.08 0.61 0.58 0.57 0.06 0.05 0.01 0.02
=
e 1.00 4.31 1.39 1.17 1.06 4.27 0.76 0.58 0.50 0.10 0.10 0.04 -0.02
c 0.25 1.41 1.15 1.20 1.23 1.06 0.78 0.81 0.84 0.07 0.05 0.11 0.03
0.70 0.50 2.46 1.42 1.43 1.45 1.95 0.89 0.87 0.88 0.10 0.07 0.04 0.02
1.00 4.90 1.84 1.67 1.58 3.89 1.03 0.86 0.78 0.15 0.12 0.06 0.01
0.25 2.45 2.56 2.56 2.55 0.24 0.10 0.10 0.10 1.66 1.64 1.62 1.58
0.30 0.50 5.91 5.68 5.65 5.62 0.47 0.14 0.12 0.11 3.49 3.47 3.43 3.36
© 1.00 14.52 13.21 12.99 12.89 0.89 0.26 0.23 0.21 7.67 7.65 7.58 7.46
-:% 0.25 2.52 2.65 2.65 2.65 0.14 0.13 0.13 0.13 2.35 2.35 2.35 2.34
_g 0.50 0.50 6.26 6.37 6.36 6.36 0.35 0.26 0.25 0.24 5.10 5.11 5.09 5.08
g 1.00 15.62 15.37 15.29 15.25 0.93 0.60 0.56 0.53 11.37 11.39 11.37 11.34
© 0.25 2.39 2.41 2.41 2.41 0.35 0.21 0.21 0.21 2.49 2.49 2.49 2.49
0.70  0.50 6.04 6.12 6.14 6.14 0.66 0.41 0.40 0.40 5.66 5.66 5.67 5.67
1.00 15.77 15.76 15.78 15.78 1.18 0.79 0.77 0.76 13.32 13.33 13.32 13.32
b) brace locations
g SCF for axial force SCF for inplane moment SCF for out-of-plane moment
E A No stiff. »=0.25 y=0.50 y=1.00 no stiff. yp=0.25 p=0.50 yp=1.00 no stiff. yp=0.25 y=0.50 y=1.00
0.25 1.54 0.93 0.93 0.94 0.88 0.36 0.37 0.38 0.08 0.06 0.04 0.02
0.30 0.50 2.23 1.07 1.01 0.97 1.58 0.38 0.35 0.34 0.14 0.06 -0.01 -0.08
a 1.00 3.05 1.32 1.14 1.04 2.57 0.48 0.40 0.36 0.21 -0.01 -0.19 -0.32
% 0.25 1.03 0.59 0.60 0.61 0.84 0.57 0.59 0.62 0.04 0.01 -0.02 -0.05
E 0.50 0.50 1.33 0.53 0.50 0.49 1.45 0.62 0.60 0.59 0.02 -0.09 -0.16 -0.23
§ 1.00 1.91 0.65 0.54 0.49 2.38 0.75 0.65 0.60 -0.13 -0.37 -0.53 -0.65
- 0.25 0.83 0.57 0.59 0.60 0.76 0.63 0.67 0.70 0.00 -0.04 0.09 -0.10
0.70 0.50 1.14 0.48 0.45 0.45 1.25 0.73 0.72 0.73 -0.09 -0.18 -0.24 -0.30
1.00 1.90 0.49 0.37 0.31 2.15 0.86 0.77 0.72 -0.29 -0.46  -0.58 -0.66
0.25 1.76 1.85 1.85 1.84 0.14 0.01 0.01 0.01 1.06 1.05 1.03 1.00
0.30 0.50 3.75 3.60 3.57 3.56 0.07 0.03 0.03 0.02 2.02 2.01 1.98 1.94
° 1.00 7.25 6.51 6.39 6.33 0.28 0.10 0.09 0.08 3.57 3.56 3.538 3.47
% 0.25 1.56 1.61 1.61 1.61 0.09 0.08 0.08 0.08 1.29 1.29 1.29 1.28
E 0.50 0.50 3.39 3.44 3.43 3.43 0.17 0.12 0.11 0.11 2.54 2.54 2.53 2.53
§ 1.00 6.83 6.68 6.63 6.61 0.27 0.15 0.14 0.13 4.57 4.56 4.56 4.55
- 0.25 1.50 1.50 1.49 1.49 0.16 0.26 0.26 0.26 1.37 1.37 1.37 1.37
0.70 0.50 3.36 3.40 3.41 3.41 0.37 0.51 0.51 0.51 2.88 2.88 2.88 2.88
1.00 6.99 6.99 6.99 6.99 0.86 1.00 0.98 0.96 5.50 5.51 5.50 5.50
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different joint locations for different geometrical

out-of-plane moments).
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5.3. Influence of reinforcing CHS joints by
stiffened plates

To study the contribution of the stiffened
plate to SCF reduction, a series of reinforced
T-joints was analyzed numerically for similar
types of loading. The modelling technique
adopted was exactly the same as discussed
earlier, but with the stiffened plates. The
geometry ranges considered were also the
same: i.e. 0.354<0.7, 0.25<1.00, with =12,
and o=14. The results are shown in figs. 9 to
13.

Under axial loading, fig. 9 shows that
stiffened plate reinforcement gives a very
significant reduction in the SCF values at the
brace-crown and chord-crown. However, no
significant reduction is observed at the brace-
saddle and chord-saddle. This is because the
stiffened plate is located at the crown of the
joint. The same effect of the stiffened plates on
the SCFs is observed in case of inplane
moment see fig. 10.

For out-of-plane moment, as shown in fig.
11, the SCF reduction for the stiffened plate
reinforced T-joints is insignificant compared to
the SCF reduction for inplane moment. This is
because the stiffened plates are located at the
crown while the peak stresses in case of out-
of-plane moment occur at the saddle.

Figs. 12 and 13 show the SCF reduction in
case of combined axial force and inplane
moment and in case of combined axial force
and inplane and out-of-plane moments,
respectively. In these cases, the same
conclusions are observed.

From the comparisons, it is clear that a
consistent reduction of SCF for stiffened plate
reinforced tubular joints can be achieved. The
reduction in SCF values at the crown for
chord and brace is significant, especially
under axial loading and inplane moment.
Generally, the SCFs for the stiffened CHS
joints are significantly lower than the SCFs at
the unreinforced CHS joints.

5.4. Influence of stiffened plate thickness, ts,
on stress concentration factors

To study the influence of the thickness of
the stiffened plate, t;, the SCFs for various
load cases at critical locations considered are

listed in Table 3 with y=ts/T = 0.25, 0.5, and
1.0.

Fig. 14 indicates that for all stiffened joints
analyzed, it is noticed that the influence of the
thickness of the stiffened plate tends to be the
same for all load cases at different locations in
chord and brace. It is noticed that by
increasing 7 ratio the effect of the thickness of
the stiffened plate on the reduction of SCFs
increases.

6. Conclusions

In this paper, the SCFs of stiffened plate
reinforced tubular T-joints are presented.
Empirical formulae conducted by several
researchers were used to verify the finite
element modelling techniques. A numerical
parametric study was conducted to study the
influence of some geometric parameters and to
study the performance of CHS joints
reinforced by stiffened plates. The results
obtained, show that the stiffened plates can be
used as a type of reinforcement to reduce the
stress concentration of the joints. In this case,
the hot spot stresses locations are changed
from the area of intersection to the brace and
the chord members which enable the joint to
sustain more number of cycles (more life time)
under fatigue loadings than the unreinforced
joints.
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