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Abstract: A set of parametric stress analyses was carried out for two-planar tubular DKT-joints under different
axial loading conditions. The analysis results were used to present general remarks on the effects of the
geometrical parameters on stress concentration factors (SCFs) at the inner saddle, outer saddle, and crown
positions on the central brace. Based on results of finite element (FE) analysis and through nonlinear regression
analysis, a new set of SCF parametric equations was established for fatigue design purposes. An assessment
study of equations was conducted against the experimental data and original SCF database. The satisfaction of
acceptance criteria proposed by the UK Department of Energy (UK DoE) was also checked. Results of
parametric study showed that highly remarkable differences exist between the SCF values in a multi-planar
DKT-joint and the corresponding SCFs in an equivalent uni-planar KT-joint having the same geometrical
properties. It can be clearly concluded from this observation that using the equations proposed for uni-planar
KT-connections to compute the SCFs in multi-planar DKT-joints will lead to either considerably
under-predicting or over-predicting results. Hence, it is necessary to develop SCF formulae specially designed
for multi-planar DKT-joints. Good results of equation assessment according to UK DoE acceptance criteria,
high values of correlation coefficients, and the satisfactory agreement between the predictions of the proposed
equations and the experimental data guarantee the accuracy of the equations. Therefore, the developed
equations can be reliably used for fatigue design of offshore structures.
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1 Introduction

Offshore jacket structures are mainly fabricated from steel
circular hollow section (CHS) members because of their
excellent structural and mechanical properties, such as a high
strength-to-weight ratio, non-directional buckling and bending
strength, and low wave resistance. Fatigue failure has long
been an important issue for ships and offshore structures (Liu
et al., 2006). In a tubular joint, circular hollow members
(tubulars) are connected by welding the prepared end of the
brace members onto the surface of the chord member. The
fatigue design of such joints constitutes a critical factor
towards safeguarding the integrity of tubular structures. The
complex joint geometry causes significant  stress
concentrations in the vicinity of the welds. Under repeated
loadings they result in the formation of cracks, which can
grow to a size sufficient to cause joint failure. The location of
maximum stress concentration is called a “hot-spot” and the
corresponding local stress is referred to as “hot-spot stress”
(HSS). For fatigue design purposes, the hot-spot stress method
has been quite efficient and popular. According to this method,
the nominal stress range Ao, at the joint members is
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multiplied by an appropriate stress concentration factor (SCF)
to provide the so-called “geometric stress” S’ at a certain
location. Hence, this design method relies on the accurate
prediction of SCFs for tubular joints. When the members of a
joint are subjected to a combination of axial and bending
loads on all members, the geometric stress at a specific
location around the weld is calculated by superimposing the
contributions of the nominal stresses from each loading type
(k) considering the corresponding SCF values:

"= (SCF), 40%m (1)
k

The SCF is the ratio of the local surface stress to the nominal
direct stress in the brace. The SCF value depends on joint
geometry, loading type, weld size and type, and the location
around the weld under consideration. Geometric stresses S’ are
calculated at various locations around the welds, and the
maximum geometric stress is the hot-spot stress S. The fatigue
life of the joint is estimated through an appropriate S—-N
fatigue curve, N being the number of load cycles.

Over the past three decades, significant effort has been
devoted to the study of SCFs in various uni-planar tubular
joints (i.e. joints where the axes of the chord and the braces
lay in the same plane). As a result, many parametric design
equations (formulae) in terms of the joint geometrical
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parameters have been proposed, providing SCF values at
certain locations adjacent to the weld for several loading
conditions. The reader is referred for example to Kuang et al.
(1975), Wordsworth and Smedley (1978), Wordsworth (1981),
Efthymiou and Durkin (1985), Efthymiou (1988), Hellier ef al.
(1990), Smedley and Fisher (1991), HSE OTH 354 (1997),
and Karamanos et al. (2000) (for SCF calculation at the
saddle and crown positions of simple uni-planar T-, Y-, X-, K-
and KT-joints); HSE OTH 91 353 (1992), Gho and Gao
(2004), Gao (2006), and Gao et al. (2007) (for SCF
determination in uni-planar overlapped tubular joints);
Morgan and Lee (1998a and b), Chang and Dover (1999),
Shao (2004), Ahmadi and Lotfollahi-Yaghin (2008),
Lotfollahi-Yaghin and Ahmadi (2009, 2010), Shao et al.
(2009), and Ahmadi et al. (2011) (for the study of SCF
distribution along the weld toe of various uni-planar joints);
and Lee (1999), Chiew et al. (2001), Lie et al. (2001, 2005),
and N’Diaye et al. (2007, 2009) (for other aspects of the SCF
determination process such as weld and crack modeling).

Multi-planar joints are an intrinsic feature of offshore tubular
structures. As can be seen in Fig. 1, right-angle two-planar
DKT- and DT+joints connecting the braces to the main legs are
some of the most critical tubular joints in a typical jacket
structure. The multi-planar effect plays an important role in
the stress distribution at the brace-to-chord intersection areas
of the spatial tubular joints. For such multi-planar connections,
the parametric stress formulae of simple uni-planar tubular
joints are not applicable in SCF prediction. Nevertheless, for
multi-planar joints which cover the majority of practical
applications, very few investigations have been reported due
to the complexity and high cost involved. The following
paragraph reviews the research currently available.

Karamanos et al. (1999) proposed a set of parametric
equations to determine the SCFs for multi-planar welded CHS
XX-connections. In this study, the weld profile was modeled
using 20-node solid elements while 8-node shell elements
were used to model the chord and braces. This research
covered the various loading modes including reference and
carry-over loadings. Chiew et al. (1999) studied the stress
concentrations in DX-joints due to axial loads. Chiew et al.
(2000) developed a set of design formulae to determine the
SCFs for multi-planar tubular XX-joints under axial (AX),
in-plane bending (IPB), and out-of-plane bending (OPB)
loadings. Van Wingerde ef al. (2001) presented the equations
and graphs to predict the SCFs for multi-planar KK-joints.
The aim of this study was to simplify the equations for design
purposes. Karamanos et al. (2002) proposed SCF equations in
multi-planar welded tubular DT-joints including bending
effects. Woghiren and Brennan (2009) developed a set of
parametric formulae to predict the values of SCF in
multi-planar ~ rack-stiffened  tubular KK-joints.  An
experimental database of SCFs for acrylic specimens of
multi-planar K- and KT-joints was presented in the HSE OTH
91 353 (1992) prepared by Lloyd’s Register. This report

covers only the value of SCF at the chord saddle position. It
can be seen that in the case of multi-planar joints, the studied
connection types and load cases are very limited. Despite the
frequent use of multi-planar CHS DKT-joints in the design of
offshore jacket structures (see Fig.1), no parametric equation
is available to predict the SCF values in such tubular joints.

Under any specific loading condition, the value of SCF along
the weld toe of a tubular joint is mainly determined by the
joint geometry. In order to study the behavior of tubular joints
and to easily relate this behavior to the geometrical properties
of the joint, a set of dimensionless geometrical parameters has
been defined. Fig.2 shows a right-angle two-planar tubular
DKT-joint with the two commonly named locations along the
brace-chord intersection of the central brace: saddle and
crown, and the geometrical parameters (5, y, 7, {, a, and ap)
for chord and brace diameters D and d, as well as the
corresponding wall thicknesses 7" and ¢.

) Multi- planar DKT-joints
A Multi- planar DT-joints
Fig.1 Two-planar DKT- and DT-joints in a typical jacket
structure

In this paper, parametric stress analysis has been carried out
for 81 steel multi-planar (right-angle two-planar) tubular
DKT-+joints under two different axial loading conditions. The
analysis results are used to present general remarks on the
effect of geometrical parameters including z (brace to chord
thickness ratio), y (chord wall slenderness ratio), £ (brace to
chord diameter ratio), and 6 (outer brace-to-chord inclination
angle) on the SCF values at the inner saddle, outer saddle, and
crown positions on the central brace. Since the SCFs in the
central braces are generally much larger than the
corresponding SCFs in the outer braces, the present study
focuses only on the central braces. To study the multi-planar
effect and to investigate the effect of loading conditions, SCFs
in multi-planar joints under two axial load cases are compared
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with the SCFs in a uni-planar KT-joint having the same
geometrical properties. Based on the multi-planar DKT-joint
finite element (FE) models which are verified against both
experimental results published in HSE OTH 354 (1997) and
the predictions of Lloyd’s Register (LR) equations, a complete
SCF database is constructed for the two considered axial load
cases at three typical hot-spot weld toe locations, i.e. the inner
saddle, outer saddle, and crown. The FE models cover a wide
range of geometrical parameters. Through nonlinear
regression analysis, a new set of SCF design equations is
established for the fatigue design of multi-planar DK T-joints
under axial loads. An assessment study of these equations is
conducted against the original FEM SCF database and the
experimental data is provided in HSE OTH 91 353 (1992).
The satisfaction of the acceptance criteria proposed by the UK
department of energy (UK DoE, 1983) is also checked.

D: Chord diameter

d : Brace diameter
T:Chord wall thickness
t : Brace wall thickness
L: Chord length

I : Brace length

2:Gap

Outer Saddle
Inner Saddle

Chord

Outer Brace

Central Brace

Outer Brace

Fig.2 Geometrical notation for a right-angle two-planar
tubular DKT-joint

2 Finite element modeling of multi-planar
DKT-joints
It is difficult to calculate SCFs theoretically. The results from

a strain gauged acrylic model test are not always reliable, as it
can not simulate the weldment. The most accurate and reliable
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method for determining the SCFs is by testing strain gauged
large scale or practical size steel joint specimens. However,
due to high cost and testing facility limitations, such a method
is difficult to use to comprehensively study the joints with
various geometrical parameters and load conditions. The finite
element method, which has been used successfully to analyze
the joints with various geometrical sizes and different load
conditions, is adopted in this study.

2.1 Geometrical parameter validation range
In order to investigate the stress concentration in
multi-planar tubular DKT-joints, 81 models are generated
and analyzed using the multi-purpose FEM based software
package ANSYS. The aim is to study the effect of
non-dimensional geometrical parameters on the SCF values
at the inner saddle, outer saddle, and crown positions on the
chord side of the central brace intersection. Different values
assigned to each dimensionless parameter are as follows: =
0.3, 0.4, 0.5; y =12, 18, 24; = 0.3, 0.6, 0.9; 6 = 30°, 45°,
60°. These wvalues cover the practical range of the
normalized parameters typically found in multi-planar
tubular joints of offshore structures. Geometrical
characteristics of all braces are identical in each specific
model. According to the values of y, 7, and f in each joint,
the values of diameter and the wall thickness of the braces
are changed from one model to another. According to
Lotfollahi-Yaghin and Ahmadi (2009, 2010), the relative gap
(=g/D) has no considerable effect on SCF values. The
validity range for this conclusion is 0.2 < {'< 0.6. Hence, a
typical value of {= 0.2 is assigned for all joints. The values
of a and az which are fixed in all joints are 16 and 8,
respectively. The reasons for choosing these specific values
are given in sub-section 2.3. The 81 generated models span
the following ranges of the geometric parameters:

03<p<05

12<y<24

03<7<0.9

30°<6<60°

O

2.2 Mesh generation procedure

There must be a compromise between the accuracy of
representation and the computer time taken to analyze a
particular model. The entire tubular joint can be modeled by
3-D brick elements. Using these types of elements, the weld
profile can be modeled as a sharp notch. This method will
produce more accurate and detailed stress distribution near
the intersection in comparison with a simple shell analysis.
In the present study, an ANSYS element type, SOLID9S, is
used to model the chord, brace, and weld profiles. These
elements have compatible displacements and are well suited
to curved model boundaries. The element is defined by 20
nodes having three degrees of freedom per node. The
element may have any spatial orientation.

In order to guarantee the mesh quality, a sub-zone mesh
generation method is used during the FE modeling. In this
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method, the entire structure is divided into several different
zones according to the computational requirements. The
mesh of each zone is generated separately and then the mesh
of the entire structure is obtained by merging the meshes of
all the sub-zones. This method can easily control the mesh
quantity and quality and avoid badly distorted elements. The
mesh generated by this method for a multi-planar right-angle
tubular DKT-joint is shown in Figs.3 and 4. It should be
noted that in this study, the welding size along the
brace-chord intersection satisfies the AWS D 1.1
specifications. Modeling of the weld profile according to
AWS D 1.1 is extensively discussed in Lotfollahi-Yaghin
and Ahmadi (2010). The models are meshed in such a way
that leads to a compromise between the accuracy of results
and the computer analyzing time as well as the software
generated file volume. To verify the convergence of FE
analysis, a convergence test is done, and meshes with
different densities are used in this test. This test took place
before generating the 81 models.

(a) Crown position

(b) Saddle position
Fig.3 The mesh generated by the sub-zone method in the
regions adjacent to the central brace intersection

2.3 Boundary conditions and member
considerations

As shown in Fig.4, due to the symmetry in geometry of the

connection and either symmetry or antisymmetry in loading

conditions, only one fourth of the entire multi-planar

right-angle =~ DKT-joint and equivalent  uni-planar

length

KT-connection are modeled. The studied loading conditions
are shown in Fig.5. The chord end fixity conditions of
tubular joints in offshore structures may range from “almost
fixed” to “almost pinned” with a tendency of being closer to
“almost fixed” (Efthymiou, 1988). In practice, the value of a
in over 60% of tubular joints is in excess of 20 and is larger
than 40 in 35% of the joints (Smedley and Fisher, 1991).
According to Morgan and Lee (1998a), changing the end
restraint from fixed to pinned results in a maximum increase
of 15% in the SCF at the crown for a = 6 joints, and this
increase is reduced to only 8% for a = 8. In view of the fact
that the effect of the chord end restraints is only significant
for joints with a < 8 for high f and y values, which do not
commonly occur in practice, both chord ends are assumed to
be fixed, with the corresponding nodes restrained.
Efthymiou (1988) showed that a sufficiently long chord
greater than six chord diameters (i.e. a > 12) must be used to
ensure that the stresses at the brace-chord intersection are
not affected by the end condition. Hence in this study, a
realistic value of o = 16 was assigned for all the models. The
effect of brace length on the SCF has been studied by Chang
and Dover (1999). It was concluded that there is no effect
when the ratio o is greater than the critical value. In the
present study, in order to avoid the effect of short brace
length, a realistic value of a3 = 8 is selected for all joints.

2.4 Load cases, analysis and SCF extraction

As shown in Fig.5, two different axial loading conditions are
considered in the present research to study the SCFs in
multi-planar DKT-joints. In the 1% loading condition, all
three braces located on the 0° plane are subjected to
compressive loads while the ones on the 90° plane are under
tensile loading. In the 2™ loading condition, tensile loads are
applied to all six braces. Equivalent uni-planar KT-joints are
subjected to tensile axial loads exerted on the central and
outer braces.

According to N’Diaye et al. (2007, 2009), static numerical
calculations of the linear elastic type are appropriate to
determine the SCFs in tubular joints. This type of analysis is
used in the present study. The Young’s modulus and
Poisson’s ratio are taken to be 207 GPa and 0.3, respectively.

The widely accepted conventional approach for fatigue
strength assessment of tubular joints is to use the geometric
stresses at the weld toe. According to IIW-XV-E (1999), the
peak stress is calculated from extrapolating the geometrical
stresses at the two points linearly to the weld toe position.
The minimum and maximum distances from the
extrapolation region to the weld toe for the chord members
are 0.4T and 1.47, respectively, where T is the thickness of
the chord member (Fig.6). CIDECT (Zhao et al., 2000) also
recommends the linear extrapolation. However, the
recommended minimum and maximum distances from the
extrapolation region to the weld toe are 0.47 and 1.07,
respectively.
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(a) Two-planar DKT-joint: (b) Two-planar DK T-joint: (¢) Two-planar DK T-joint:
cuts trough symmetry view along the chord’s generated mesh
and antisymmetry planes longitudinal axis
(d) Uni-planar KT-joint: (e) Uni-planar KT-joint: (f) Uni-planar KT-joint:
cuts trough symmetry view along the chord’s generated mesh
and antisymmetry planes longitudinal axis

Fig.4 One fourth of the entire two-planar right-angle DKT-joint and equivalent uni-planar KT-connection which were

|

modeled owing to the existing symmetries and antisymmetries
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Fig.5 Studied loading conditions
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Fig.6 Extrapolation procedure recommended by IIW-XV-E
(1999)

2.5 Verification of the FE model

The accuracy of the FEA predictions should be verified
against the experimental test results. As far as the authors
are aware, there is no experimental database of SCFs for
steel uni-planar and multi-planar tubular KT-joints currently
available in research literature. In order to validate the finite
element model, several related geometries including T-, Y-,
and K-joints are modeled and the FE results are validated
against the LR Equations and test results which were

published in HSE OTH 354 report (1997). The method of
modeling the chord, the vertical brace, the inclined brace,
and the weld profile as well as the mesh generation
procedure (including the selection of the element type) and
the analysis method are identical for the validating models
and the considered uni-planar and multi-planar KT-joints.
Hence, the conclusion of the verification of the T-, Y-, and
K-joints with the experimental test results can be used to
validate the generated uni-planar and multi-planar KT-joint
models (Lotfollahi-Yaghin and Ahmadi, 2010).

Verification results which are separately presented at saddle
and crown positions are summarized in Table 1. In this table,
e; denotes the percentage of relative difference between the
predictions of the LR equations and test results, and e,
denotes the percentage of relative difference between the
results of the FE model and experimental results. Hence,
lej|-|e,| indicates the difference between the accuracy of LR
equations and the FE model. A positive sign for value of
lej|-|e,] means that the FE model presented in this study is
more accurate for prediction of SCFs in comparison with LR
equations. It can be concluded from the comparison of the
FE results with experimental data and the values predicted
by LR equations that the finite element model is considered
to be adequate to produce valid results.

Table 1 Verification of the FEA results using the experimental data and predictions of LR equations

Joint type* D/mm 0 o T y f  Position Test LREgs. FEA e*** /% e*** /% |ej|—|es/%
+
T 508 90 62 099 203 0.8 z?gjvlz 151;1 1395524 11’26 287 115 +172
Y 508 45 62 105 203 08 z?gjvlz ii 5;58 5‘:‘76 ;? 304 ;225
+
K** 508 45 126 1.0 203 05 z?gjvlz 2:2 : '586 64?86 291'5 (1': 7239

*Project reference: JISSP; **{=0.15; *** ¢)= (Test—LR Egs.)/Test, e,= (Test—FE)/Test

3 Results of numerical parametric study

This section presents the results of numerical parametric
studies carried out to investigate the effect of dimensionless
geometrical parameters including f, 7, 7, and 6 on the stress
concentrations at the inner saddle, outer saddle, and crown
positions on the chord side of the central brace intersection
in two-planar right-angle DK T-joints.

3.1 Effect of f on the SCF values

The parameter f is the ratio of the brace diameter to chord
diameter. Hence, increasing £ in the models having constant
value of chord diameter leads to an increase in brace
diameter. This sub-section presents the results of
investigating the effect of § on the SCFs. In this study, the
influence of the parameters 7 and y over the effect of £ on
stress concentration is also investigated. For example, six

diagrams are presented in Fig.7 showing the change of SCFs
due to the change in the value of § and the interaction of this
parameter with y. Corresponding geometrical parameters,
the position for the extraction of SCF, and the considered
loading condition are given in the legend of each diagram. A
total of 54 comparative diagrams were used to study the
effect of § and only 6 of them are presented here for the sake
of brevity.

Through investigating the effect of S on the SCFs, it can be
concluded that:

1) Under the 1% loading condition, increasing 8 from 0.3 to
0.5 leads to an increase of SCFs at both inner and outer
saddle positions. The magnitude of the change in the SCFs
due to the increase of £ is minimal for small values of y (for
example, y = 12). Under this load case, maximum increase
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in the SCF values at the inner and outer saddle positions due
to increase of § are 13% and 18%, respectively.

2) Under the 1% loading condition, the change of the SCFs at
the crown position due to the increase of § does not follow a
regular pattern for different geometrical parameters. For
example, increase of § results in a decrease of the SCF value
at the crown position in the joints having small or
intermediate values of y and 7 (for example, y = 12, 18 and
= 0.3, 0.6). However, for all values of 7 and 6, the SCF is
increased at the crown position due to the increase of f in
the joints having larger values of y (y = 24). Also for the
bigger values of 7 (z = 0.9), the change in the SCFs at the
crown position follows an increasing pattern for all values of
y. Magnitude of the change in the SCFs at the crown
position due to the change of f depends on the joint’s
geometrical parameters; its maximum value is 25%.

3) Under the 2™ loading condition, increase of /8 leads to a
decrease in SCFs at inner and outer saddle positions but an
increase of SCF value at the crown.

4) Under the 2™ loading condition, the magnitude of the
decrease in the SCFs follows an increasing pattern as the
values of y and 7 become larger. This reduction is more
severe at the inner saddle compared with the outer saddle
position. For example, in a joint having the following
geometrical parameters, y = 24, 7 = 0.9, § = 60°, the
SCF 95/ SCFj- 3 ratio is 118% and 28% for inner and outer
saddle positions, respectively.

5) In contrast to the 1* loading condition, the SCF value at
the crown position becomes larger under the 2™ loading
condition as f increases. The magnitude of the increase in
the SCF value follows an increasing pattern as y and 7
become bigger. For example, the increase of the SCF at the
crown position due to the change of # from 0.3 to 0.5 is 73%
in a joint having the following geometrical parameters: y =
24,7=0.9,60=60°.

3.2 Effect of y on the SCF values

The parameter y is the ratio of radius to thickness of the
chord. Hence, an increase of y in the models having a
constant value of chord diameter leads to a decrease in
chord thickness. This sub-section presents the results of
investigating the effect of y on the SCFs. In this study, the
influence of the parameters f and 7 over the effect of £ on
stress concentration is also investigated. A total of 54
comparative diagrams were used to study the effect of y, and
only 3 of them are presented in Fig.8 for the sake of brevity.
This figure shows the change of SCFs due to the change in
the value of y and the interaction of this parameter with z.
All three diagrams are results of the joints under the 1%
loading condition.

which are concluded through

The general remarks

89

investigating the effect of y on the stress concentration can
be summarized as follows:
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Fig.7 Effect of f on the SCFs at the inner saddle, outer
saddle, and crown positions on the central brace

1) Under both loading conditions, an increase of y results in
an increase of SCF values at the inner and outer saddle
positions. The magnitude of the increase in these SCFs
becomes larger as 7 increases. For example, in a joint having
the following geometrical parameters f = 0.5, 7 = 0.9, 6 =
45°, the increase of the SCF at the outer saddle position due
to the change of y from 12 to 24 is 180%. In the other words,
the SCF has increased by a factor of 2.8.

2) Under the 1¥ loading condition, the SCF value at the
crown position is reduced as y becomes larger. On the
contrary, an increase of y results in an increase in the crown
SCFs under the 2™ loading condition. Under both loading
conditions, the magnitude of the SCF change at the crown
position is less than the corresponding values at the inner
and outer saddle positions. For example, the maximum
change is 45% (8= 0.5, 7=10.9, 6 = 45°).
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3.3 Effect of 7 on the SCF values

The parameter 7 is the ratio of brace thickness to chord
thickness, and y is the ratio of radius to thickness of the
chord. Hence, an increase of 7 in the models having a
constant value of y leads to increase of brace thickness. This
sub-section presents the results of investigating the effect of
7 on the SCFs. In this study, the influence of the parameters
p and y over the effect of 7 on stress concentration is also
investigated. For example, three diagrams are presented in
Fig.9 showing the change of SCFs due to the change in the
value of 7 and the interaction of this parameter with f. All
three diagrams are results of the joints under the 1* loading
condition. A total of 54 comparative diagrams were used to
study the effect of 7 and only 3 of them are presented here
for the sake of brevity.

The main conclusions of investigating the effect of 7 on the
SCF values are summarized as follows:

1) Under both loading conditions, an increase of 7 results in
increase of SCF values at all three considered positions:
inner saddle, outer saddle, and crown.

2) At the inner and outer saddle positions, under the 1%
loading condition, the magnitude of changing the SCF
values due the increase of 7 follows an increasing pattern as
J takes bigger values. This behavior is in contrast to the 2™
loading condition under which the increase of f leads to
reduction in the magnitude of SCF change due to the
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increase of 7.

3) At the crown position, under the 1* and 2™ loading
conditions, increase of f leads respectively to the decrease
and increase in the magnitude of SCF growth due to the
increase of 7.

4) At the saddle positions, magnitude of SCF growth due to
the increase of 7 is larger under the 1* loading condition
compared with the 2™ one. On the contrary, this magnitude
at the crown position is larger under the 2™ loading
condition.

5) The magnitude of increase in the SCF values due to the
increase of 7 is highly remarkable in comparison with the
other geometrical parameters. For example, as can be seen
in Fig. 9, due to the change of v from 0.3 to 0.9, the SCFs
have increased by a factor of 2.39, 3.73, and 3.78 at the
crown, inner saddle, and outer saddle positions, respectively.

3.4 Effect of 0 on the SCF values

This sub-section presents the results of studying the effect of
the outer brace inclination angle 8 on the SCFs at different
positions on the central brace and its interaction with the
other dimensionless geometrical parameters. A total of 54
comparative diagrams were used to study the effect of 6 and
only 4 of them are presented in Fig.10 showing the change
of the SCFs due to the change in the value of 6 and the
interaction of this parameter with f. All four diagrams are
results of the joints under the 1% loading condition.
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Fig.9 Effect of 7 on the SCFs at the inner saddle, outer
saddle, and crown positions on the central brace

Through investigating the effect of 8 on the SCFs, it can be
concluded that:

1) Increasing # from 30° to 60° leads to an increase of SCF
values at the inner saddle, outer saddle, and crown positions.

2) At the inner and outer saddle positions, under the 1%
loading condition, the magnitude of changing the SCF
values due the increase of 6 follows an increasing pattern as
/3 takes larger values. This behavior is in contrast to the 2™
loading condition under which an increase of f leads to a
reduction in the magnitude of SCF change due to the
increase of 6. At the crown position, under the 1% and 2™
loading conditions, an increase of f respectively leads to the
decrease and increase in the magnitude of SCF growth due
to the increase of 6.

3) As was expected, the parameter 8 (outer brace inclination
angle) has less effect on the SCF values on the central brace
compared with the other three geometrical parameters f, y,
and 7.

3.5 Comparison of the SCFs at the crown, inner saddle
and outer saddle

The maximum stress concentration under the 1% and 2™
loading conditions always occurs at inner and outer saddle
positions, respectively. While under both loading conditions,
the minimum stress concentrations always occur at the
crown position. In the other words:

1* loading condition:

SCFinner saddle > SCFouter saddle > SCFcrown (3)
2" Joading condition:
SCFouter saddle > SCFinner saddle > SCchwn (4)

The above conclusion can clearly be observed in Fig.11,
which is presented as an example. Fig.11 also shows that
considerable difference exists between the saddle and crown
SCFs. It can also be seen that under the 2" loading
condition, the difference between the SCFj saaaie and
SCF outer saadie is much larger than this difference under the 1*
loading condition. These two latest observations highlight
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the necessity of proposing six individual parametric
equations for the calculation of SCFs at three studied
positions on the central brace under two considered loading
conditions.
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Fig.11 Comparison of the SCFs at the crown, inner saddle,
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3.6 Comparison of the SCFs in uni- and multi-planar
joints
As can be seen in Fig.12, highly remarkable differences
exist between the SCF values in a multi-planar DKT-joint
and the corresponding SCFs in an equivalent uni-planar
KT-joint having the same geometrical properties. It can be
clearly concluded from this observation that using the
equations proposed for uni-planar KT-connections to
compute the SCFs in multi-planar DKT-joints will lead to
either considerably under-predicting or over-predicting
results. Hence it is necessary to develop SCF formulae
specially designed for multi-planar DKT-joints. As shown in
Fig.12(b), the SCF value at the inner saddle position on the
central brace of a multi-planar DKT-joint under the 1%
loading condition can be 2.25 times bigger than the
corresponding SCF value in the equivalent uni-planar
KT-joint. However, this uni-planar SCF is 4 times larger
than the corresponding SCF in the multi-planar joint under
the 2™ loading condition. Such observations highlight the
necessity of proposing individual parametric equations for
each loading condition. It can also be concluded from Fig.12



Journal of Marine Science and Application (2012) 11: 83-97

that under both loading conditions, the maximum difference
between the SCFs in uni- and multi-planar joints always
occurs at the inner saddle position while the minimum
difference will always be at the crown position.
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4 SCF design formulae for central brace
Although the FEM has been successfully utilized to analyze
the tubular joints, the extensive use of such a numerical
method is not feasible in a normal day-to-day design office
operation. Instead, parametric design equations expressed in
the form of the non-dimensional geometrical parameters are
useful and desirable for fatigue design. In the present study,
six individual parametric equations are proposed for the
calculation of the SCFs at the inner saddle, outer saddle, and
crown positions on the central brace of a right-angle
2-planar DKT-joint under two considered axial loading
conditions.

4.1 Nonlinear regression analysis

The parametric equations are derived based on multiple
nonlinear regression analyses performed by the statistical
software package SPSS. Values of the dependent variable
(i.e. SCF) and independent variables (5, 7, 7, and 6)
constitute the input data which is imported as a matrix. Each
row of this matrix involves the information about the value
of the SCF at a certain position in a multi-planar tubular
DKT-joint having specific geometrical properties. The
number of rows and columns of the input matrix for each
equation is 81 (number of the joints) and 5 (number of
variables), respectively. Hence, the whole FEM SCF
database is arranged as six 81 X 5 input matrices.

When the dependent (i.e. SCF) and independent (i.e. 5, 7, 7,
and 0) variables are defined, a model expression must be
built with defined parameters. The parameters of the model
expression are unknown coefficients and exponents. The
researcher must specify a starting value for each parameter,
preferably as close as possible to the expected final solution.
Poor starting values can result in failure to converge or in
convergence on a solution that is local (rather than global) or
physically impossible. Various model expressions must be
built to derive a parametric equation having a high
coefficient of correlation.

After performing nonlinear analysis, the following
parametric equations are proposed for predicting the SCF
values at the inner saddle, outer saddle, and crown positions
on the chord side of the central brace intersection in a
right-angle two-planar DKT-joint under two considered
axial loading conditions:

1* loading condition:

SCF — 06 1 9ﬂ0.2477/1.6152.1.09360.293

(Innersaddle)  R*= 0.994 ©)
SCF = 0.6318" 7y M 124g"2% ©
(Outer saddle)  R*= 0.995

SCF = 7.307f U207 g0 o

(Crown)  R*= 0.952



94 Hamid Ahmadi, et al. Stress Concentration Factors at Saddle and Crown Positions on the Central Brace of Two-Planar Welded CHS DKT-connections

2" loading condition:

SCF — 0027ﬁ 1.318}/1.7321.1.12590.102

8

(Inner saddle) R*= 0.979 ®
SCF — 0 094ﬂ70.46671.747z,l,11500.227

' 9

(Outer saddle) ~ R*>= 0.988 ©)
SCF — 5874 0.416 0,208T1,07700.004

By (10)

(Crown) R*= 0.955

In the above equations, R° denotes the coefficient of
correlation and € should be inserted in radians.

4.2 Assessment according to UK DoE (1983) acceptance
criteria

The UK Department of Energy (UK DoE, 1983)
recommends the following assessment criteria regarding the
applicability of the commonly used SCF parametric
equations (P/R stands for the ratio of the predicted SCF
from a given equation to the recorded SCF from test or
analysis):

e For a given dataset, if % SCFs under-predicting < 25%,
ie. [%P/R < 1.0] £ 25%, and if % SCFs considerably
under-predicting < 5%, ie. [%P/R < 0.8] < 5%, then
the equation is accepted. If, in addition, the percentage SCFs
considerably over-predicting < 50%, ie. [%P/R > 1.5]
2 50%, then the equation is regarded as generally
conservative.

¢ [f the acceptance criteria is nearly met, i.e. 25% < [%P/R
< 1.0] £ 30%, and/or 5% < [%P/R < 0.8] < 7.5%, then
the equation is regarded as borderline and engineering
judgment must be used to determine acceptance or rejection.
Otherwise the equation is rejected as it is too optimistic.

In view of the fact that for a mean fit equation, there is
always a large percentage of under-prediction, the
requirement for joint under-prediction, i.e. P/R < 1.0, can be
completely removed in the assessment of parametric
equations. Assessment results according to the UK DoE
(1983) criteria are tabulated in Table 2. As can be seen, the
proposed equations satisfy the criteria and consequently are
accepted according to the UK DoE.

4.3 Verification using the experimental data and original
FE database

Table 3 presents the results of validating the proposed
equations at the inner and outer saddle positions under the
1* loading condition using the data from a strain gauged
acrylic model test. The source of the experimental data is the
HSE OTH 91 353 report (1992) prepared by Lloyd’s
Register in which a comprehensive experimental database of
SCFs for acrylic complex joints including multi-planar and
overlapped K- and KT-joints has been presented. This report
covers only the value of the SCF at the chord saddle position.
As can be seen in Table 3, there is satisfactory agreement
between the predictions of the proposed equations and the
experimental measurements. It must be noted that since the
weld profile is not included in an acrylic specimen, the SCFs
obtained from the acrylic model tests are typically 5%—10%
larger than the realistic values in the steel tubular joints.

In Fig.13, the SCF values predicted by the six proposed
equations have been compared with the original SCFs from
the FE analysis. Fig.13 shows that there is satisfactory
agreement between the results of the equations and the
numerically computed SCFs. This good agreement was
expected considering the high coefficients of correlation.

Table 2 Results of equation assessment according to UK DoE (1983) acceptance criteria

Load case Equation Respective position Conditions Overall status
%P/R <0.8 %P/R>1.5
Eq.(5) Inner saddle 0% < 5% OK. 0% < 50% OK. accepted
1** loading condition Eq.(6) Outer saddle 0% < 5% OK. 0% < 50% OK. accepted
Eq.(7) Crown 3.7% <5%OK. 0% <50% OK. accepted
Eq.(8) Inner saddle 4.9% <5% OK. 1.2% <50% OK. accepted
2" loading condition  Eq.(9) Outer saddle 0% < 5% OK. 0% < 50% OK. accepted
Eq.(10) Crown 1.2% <5% OK. 0% <50% OK. accepted

Table 3 Results of validating the proposed equations at the inner and outer saddle positions using the data from a strain

gauged acrylic model test

SCF value at the inner saddle

SCF value at the outer saddle

Geometrical parameters -
Experimental

Eq.(5) Difference* Experimental Eq.(6) Difference*

D=150mm,0=45,7=0.6,=03,y=12 14.02

13.55 3% 13.54 12.07 12%

* Difference = (Experimental SCF/SCF predicted by proposed Eq.)-1.0
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5 Conclusions

In the present paper, parametric stress analysis was carried
out for 81 steel right-angle 2-planar tubular DKT-joints
under two different axial loading conditions. The analysis
results were used to present general remarks on the effect of
geometrical parameters including z, y, £, and 8 on the SCF
values at the inner saddle, outer saddle, and crown positions
on the central brace. Based on the results of multi-planar
DKT-joint finite element models which were verified against
the experimental results, a complete SCF database was
constructed for two considered axial load cases at three
typical hot spot weld toe locations, the inner saddle, outer
saddle, and crown. Through nonlinear regression analysis, a
new set of SCF design equations was established for the
fatigue design of multi-planar DKT-joints under axial loads.
An assessment study of these equations was conducted
against the original FEM SCF database and the experimental
data. The satisfaction of the acceptance criteria proposed by
the UK DoE was also checked.

The detailed and quantitative results of parametric study
which were extensively discussed in the text are not
repeated here for the sake of brevity, and only a summary of
general remarks is presented:

e Under the 1™ loading condition, increase of f leads to

increase of the SCFs at both inner and outer saddle positions.

However, the change of the SCFs at the crown position due
to the increase of f does not follow a regular pattern for
different geometrical parameters. Under the 2™ loading
condition, an increase of £ leads to a decrease of SCFs at
inner and outer saddle positions but an increase of the SCF
value at the crown.

e Under both loading conditions, an increase of y results in
an increase of SCF values at the inner and outer saddle
positions. Magnitude of the increase in these SCFs becomes
larger as r increases. Under the 1% loading condition, the
SCF value at the crown position is reduced as y becomes
bigger. On the contrary, an increase of p results in an
increase in the crown SCFs under the 2™ loading condition.

e Under both loading conditions, an increase of 7 results in
an increase of SCF values at all three considered positions:
the inner saddle, outer saddle, and crown. The magnitude of
the increase in the SCF values due to the increase of 7 is
highly remarkable in comparison with the other geometrical
parameters.

o At the saddle positions, the magnitude of SCF growth due
to the increase of 7 is larger under the 1¥ loading condition
compared to the 2™ condition. On the contrary, this
magnitude at the crown position is larger under the 2™
loading condition.

o Increase of 6 from 30° to 60° leads to an increase of SCF
values at the inner saddle, outer saddle, and crown positions.
As was expected, parameter @ (the outer brace inclination
angle) has less effect on the SCF values on the central brace
in comparison with the other three geometrical parameters £,
y, and 7.

e The maximum stress concentration under the 1 and 2™
loading conditions always occurs at the inner and outer
saddle positions, respectively. While under both loading
conditions, the minimum stress concentrations always occur
at the crown position.

e Highly remarkable differences exist between the SCF
values in a multi-planar DKT-joint and the corresponding
SCFs in an equivalent uni-planar KT-joint having the same
geometrical properties. It can be clearly concluded from this
observation that using the equations proposed for uni-planar
KT-connections to compute the SCFs in multi-planar
DKT-joints will lead to either considerably under-predicting
or over-predicting results. Hence, it is necessary to develop
SCF formulae specially designed for multi-planar
DKT-joints.

Good results of equation assessment according to UK DoE
acceptance criteria, high values of correlation coefficients,
and the satisfactory agreement between the predictions of
the proposed equations and the experimental data guarantee
the accuracy of the equations. Therefore, the developed
equations can be reliably used for fatigue design of offshore
structures.

References

Ahmadi H, Lotfollahi-Yaghin MA, Aminfar MH (2011).
Geometrical effect on SCF distribution in uni-planar tubular
DKT-joints under axial loads. Journal of Constructional Steel
Research, 67(8), 1282-1291.

Ahmadi H, Lotfollahi-Yaghin MA (2008). Geometrical effect on
the stress distribution along the weld toe for tubular KT-joints
under balanced axial loading. Proceeding of the 8th
International Conference on Coasts, Ports and Marine
Structures (ICOPMAS), Tehran, Iran.

Chang E, Dover WD (1999). Parametric equations to predict stress
distributions along the intersection of tubular X and DT-joints.
International Journal of Fatigue, 21(6), 619-635.

Chiew SP, Gupta A, Wu NW (2001). Neural network-based
estimation of stress concentration factors for steel multiplanar
tubular XT-joints. Journal of Constructional Steel Research,
57(2), 97-112.

Chiew SP, Soh CK, Fung TC, Soh AK (1999). Numerical study of
multiplanar tubular DX-joints subject to axial loads. Computers
& Structures, 72(6), 746-761.

Chiew SP, Soh CK, Wu NW (2000). General SCF design equations
for steel multiplanar tubular XX-joints. International Journal of
Fatigue, 22(4), 283-293.

Department of Energy (1983). Background notes to the fatigue
guidance of offshore tubular joints. HMSO, London, UK.

Efthymiou M (1988). Development of SCF formulaec and
generalized influence functions for use in fatigue analysis.



Journal of Marine Science and Application (2012) 11: 83-97

Offshore Tubular Joints Conference, Surrey, UK.

Efthymiou M, Durkin S (1985). Stress concentrations in T/Y and
gap/overlap K-joints. Proceedings of the Conference on
Behavior of Offshore Structures, Delft, Netherlands, 429-440.

Gao F (2006). Stress and strain concentrations of completely
overlapped tubular joints under lap brace OPB load.
Thin-Walled Structures, 44(8), 861-871.

Gao F, Shao YB, Gho WM (2007). Stress and strain concentration
factors of completely overlapped tubular joints under lap brace
IPB load. Journal of Constructional Steel Research, 63(3),
305-316.

Gho WM, Gao F (2004). Parametric equations for stress
concentration factors in completely overlapped tubular K
(N)-joints. Journal of Constructional Steel Research, 60(12),
1761-1782.

Hellier AK, Connolly MP, Dover WD (1990). Stress concentration
factors for tubular Y- and T-joints. International Journal of
Fatigue, 12(1), 13-23.

IMIW-XV-E (1999). Recommended fatigue design procedure for
welded hollow section joints. IIW Docs, XV-1035-99/
XIII-1804-99, International Institute of Welding, Paris, France.

Karamanos SA, Romeijn A, Wardenier J (1999). Stress
concentrations in multi-planar welded CHS XX-connections.
Journal of Constructional Steel Research, 50(3), 259-282.

Karamanos SA, Romeijn A, Wardenier J (2002). SCF equations in
multi-planar welded tubular DT-joints including bending effects.
Marine Structures, 15(2), 157-173.

Karamanos SA, Romeijn A, Wardenier J (2002). Stress
concentrations in tubular gap K-joints: mechanics and fatigue
design. Engineering Structures, 22(1), 4-14.

Kuang JG, Potvin AB, Leick RD (1975). Stress concentration in
tubular joints. Offshore Technology Conference, Houston, Texas,
USA, Paper OTC 2205.

Lee MMK (1999). Strength, stress and fracture analyses of offshore
tubular joints using finite elements. Journal of Constructional
Steel Research, 51(3), 265-286.

Lie ST, Lee CK, Chiew SP, Shao YB (2005). Mesh modelling and
analysis of cracked uni-planar tubular K-joints. Journal of
Constructional Steel Research, 61(2), 235-265.

Lie ST, Lee CK, Wong SM (2001). Modeling and mesh generation
of weld profile in tubular Y-joint. Journal of Constructional
Steel Research, 57(5), 547-567.

Liu X, Feng G, Ren H (2006). Study on the application of spectral
fatigue analysis. Journal of Marine Science and Application,
5(2), 42-46.

Lotfollahi-Yaghin MA, Ahmadi H (2009). Numerical parametric
study of stress concentration along the intersection of tubular
KT-joints subjected to balanced axial loading. Proceedings of
the 19" International Offshore and Polar Engineering
Conference (ISOPE), Osaka, Japan.

Lotfollahi-Yaghin MA, Ahmadi H (2010). Effect of geometrical
parameters on SCF distribution along the weld toe of tubular
KT-joints under balanced axial loads. International Journal of
Fatigue, 32(4), 703-719.

Morgan MR, Lee MMK (1998). Prediction of stress concentrations
and degrees of bending in axially loaded tubular K-joints.
Journal of Constructional Steel Research, 45(1), 67-97.

Morgan MR, Lee MMK (1998). Parametric equations for
distributions of stress concentration factors in tubular K-joints
under out-of-plane moment loading. International Journal of
Fatigue, 20(6), 449-461.

N’Diaye A, Hariri S, Pluvinage G, Azari Z (2007). Stress
concentration factor analysis for notched welded tubular

97

T-joints. International Journal of Fatigue, 29, 1554-1570.

N’Diaye A, Hariri S, Pluvinage G, Azari Z (2009). Stress
concentration factor analysis for welded, notched tubular
T-joints under combined axial, bending and dynamic loading.
International Journal of Fatigue, 31(2), 367-374.

Shao YB (2004). Proposed equations of stress concentration factor
(SCF) for gap tubular K-joints subjected to bending load.
International Journal of Space Structures, 19, 137-147.

Shao YB, Du ZF, Lie ST (2009). Prediction of hot spot stress
distribution for tubular K-joints under basic loadings. Journal
of Constructional Steel Research, 65(10-11), 2011-2026.

Smedley P, Fisher P (1991). Stress concentration factors for simple
tubular joints. Proceedings of the International Offshore and
Polar Engineering Conference, Edinburgh, Scotland.

UK Health and Safety Executive (1992). Stress concentration
factors for tubular complex joints. OTH 91 353, Lloyd’s
Register of Shipping, UK.

UK Health and Safety Executive (1997). Stress concentration
factors for simple tubular joints- assessment of existing and
development of new parametric formulaec. OTH 354, Lloyd’s
Register of Shipping, London, UK.

Wingerde AM, Packer JA, Wardenier J (2001). Simplified SCF
formulae and graphs for CHS and RHS K- and KK-connections.
Journal of Constructional Steel Research, 57(3), 221-252.

Woghiren CO, Brennan FP (2009). Weld toe stress concentrations
in multi planar stiffened tubular KK Joints. International
Journal of Fatigue, 31(1), 164-172.

Wordsworth AC (1981). Stress concentration factors at K and KT
tubular joint. Proceedings of the Conference on Fatigue of
Offshore Structural Steels, London, UK, 59-69.

Wordsworth AC, Smedley GP (1978). Stress concentrations at
unstiffened tubular joints. Proceedings of the FEuropean
Offshore Steels Research Seminar, Cambridge, UK, Paper 31.

Zhao XL, Herion S, Packer JA, Puthli R, Sedlacek G, Wardenier J
(2000). Design guide for circular and rectangular hollow
section joints under fatigue loading. CIDECT Publication, No.8,
TUV Verlag, Germany.

Hamid Ahmadi was born in 1984. He got a BSc
degree in civil engineering and an MSc degree in
offshore structures engineering from the University
of Tabriz, Iran. He is a PhD candidate in the Faculty
of Civil Engineering at the University of Tabriz. He
has authored over 30 technical papers and reports,
as well as a book on dynamics of offshore
structures. His current research includes the fatigue
analysis and design of tubular joints, dynamics of
offshore structures, and the structural reliability.

Mohammad Ali Lotfollahi-Yaghin was born in
1958. He got a BSc degree in civil engineering from
the Isfahan University of Technology, Iran, an MSc
degree in structural engineering from the University
of Tabriz, Iran, and a PhD degree in offshore
structures engineering from Heriot-Watt University,
UK. He is working as an associate professor in the
Faculty of Civil Engineering at the University of
Tabriz. His current research interests include
dynamics of offshore structures and reinforced
concrete structures. He has authored over 100
technical papers and reports, as well as 2 books on
FE analysis and dynamics of offshore structures.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice




