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1. INTRODUCTION

1.1 Offshore Structures: Offshore structures used for oil and gas extraction have the
common function of providing asafe, dry working environment for the equipment and
persons those operates the platform. Jacket supported drilling equipment as a guide
for the piled foundations. The substructurereferred to asthejacketisathreedimensional
space frame made from large tubular steel members. The jacket which takes the
loadings from the top side and the sea environment is piled to the sea bed.theses piles
must aso be able to resist tension as hydrodynamic forces on the structure have a
tendency to cause over turning. To construct a steel jacket it is necessary to join the
large diameter tubular steel membersin somewhere. Thesetubular jointsor nodesare
major sources of difficulty and high cost in the design of jacket. Tubular joints can be
classified in to four categories. They are the simple welded joints, complex welded
joints, cast steel jointsand compositejaints.

Simplewelded jointsarethoseformed by welding two or moretubular members
inasingle planewithout overlapping of brace membersand without the use of gussets,
diaphragms, stiffenersor grout. Unlike apipejoint, thechord wall isleft intact with the
hidden plug regions enclosed by the braces. The geometric and other notation for a
simplejointisshown[10] in Figure1.1
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Fig. 1.1 Tubular joint notstiens reference [10]
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1.2 Literaturereview. Bolt H.M.et.a [1] described the influence of chord length
and boundary conditionson K joint strength.Chen, W. F et.al. [2] Designed the Tubular
Members in Offshore structure. Fabricated and shown the merit of cylindrical steel
tubular section compared to other sections. Chen & WU [3] used shell elements to
model the elastic plastic behavior of T joints with small deflection. Dutt D.et.al, [4]
parameters influencing the stress concentration factor join in offshore structures. He
explored various configurationsin SCF and L oading types. J.S. Jubran and W.F.Cofer
[5] who employed the solid elements to generate T joint model. Thisisfound to be
successful for evaluating the ultimate joint load. Hameed. A.F. et.a [6] conducted
more experimental tests on the Elliptical T-tubular joints, which were compared with
circular chord tubular joints. employed shell elements to tackle the stress analysis
problem of T tubular joints. The results were compared with experimental data. The
experimental approach to obtain thejoint dataisexpensive. Thefinite element method
isfound to be asuitable aternative for solving tubular joint . Kanatani [7] carried out
someexperimental studieson welded tubular connectionswith different loading cases.
But thiswaslimited to only circular tubular joints. Nazari, A.e.a.[8] designed Parametric
Study of Hot Spot Stresses Around Tubular Joints With Double Plates. He explained
the stress factor concentration at various pipe joints. Strub. D et.al.[9] , Risk Based
Acceptance Criteria for Joints Subject to Fatigue Deterioration. He explained the
how the joints subjected under fatigue conditions and stress
concentrations. Thandavamoorthy T. S.[ 10] devel oped the Finite Element M odeling of
the Behavior of Internally Ring Stiffened T-Joint of Offshore Platform. He studied the
threetypesof angular rings behavior and their strength under axial compression loading.

2. MODELING OF TUBULAR T-JOINT

2.1 Geometric model of the T-joint: The geometry and the dimensions of the T-joint
under study are same as those subjected to experimental investigation by Hameed et
al [6] asgivenin Table 2.1 For the purpose of comparison of experimental resultswe
havetaken similar Dimensionsinthisinvestigation . Thematerial usedinall casesare
mild steel. Type-1 refersto bracejoined perpendicular to the minor diameter of eliptical
chord and Type-2 refersto bracejoined perpendicular to the major diameter of elliptical
chord.
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Table 2.1 Geosmetric Farameters of the Modaled T-poant for Type-1& Typa-2

CGreomatrig Chord {mm) Brace (mm)
Parameter Elliptical pipe Circular pipe
himor diameter il
Major diameter Ty 42,5
Length 440.0 2000
Thickness 2 21
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Fig.2.1 Geometry of the models {all dimensions are in mm)
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Fig.2.2 Experimental test rig {reference from [6])
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2.2 Boundary conditions. In experimental study, the chord ends are bolted. The
Boundary conditions applied to the chord member of the T-joints are approximated to
chord end fixity for all degrees of freedom.

2.3 Loading conditions: The chord is held as fixed —fixed from both ends. Detailed
weld fillets are not modeled. The loads are applied for all the typesto the free end of
the bracein different directions, depending on theload type. For tension and compres-
sion loading, the loads are uniformly distributed at every node of the free end of the
brace, where the upward is for tension loading and downward for compression |oad-
ing. For IPB loadingand OPB loading, theloads are applied to two points at the free
end of the brace, where the distance between the two points is the brace diameter d.
Theload applied at the two pointswill create acouple (moment) at the free end of the
brace and cause the brace to deflect on one side, depending on the way the load is
applied. For IPB, thedirection of deflectionwill be parallel to the chord tubewhilefor
OPB the direction of deflection will be perpendicular to the chord tube. Only elastic
analysis was carried out.

a)Axial tension:

In the axial tension case the |oad was taken as upward direction is positive.
After creating the models [Type-1, Type-2] the chord Tube has to be fixed on both
ends. Then the brace has to consider as free end. At the top of the brace the loads
applied gradually then the deflection at the Tubular joint was displayed like that we
have to do number of other loading cases and observed the displacements then at the
maximum deflection the tubul ar joint was broken and the minimum displacement the
tubular joint values are observed. The safe load was obtained at the yield point from
the graph which is drawn between applied load and deflection. In this loading case
failures occurred at chord position near thejoint region wheretheyielding of the chord
appears to occur around the brace.

b) Axial compression:

In the axial compression the downward direction is the load was considered
as negative. Basically the same above procedure followed for these loading cases
except the load-applied direction was downward. In this analysis also the loads ap-
plied at the end of the brace and displacements, stresses, were obtained and tabu-
lated. The maximum yield point obtained by drawing curve between applied loads and
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displacements. Similar procedure followed for other tubular joints also. The failure
associated with buckling and plastic deformation of the chord wall at brace chord
interception.

¢) In-plane—bending:

In this case also the chord ends are fixed and brace end was considered as
free end. But in bending (the moments) at the end of the brace two points are sel ected
for load application. The distances between two points are equal to the brace diam-
eter. The load also applied paralel to the chord. While applying the load the couple
[moment] formed and it deflects parallel to the chord then the displacement stresses
were tabulated for the typel, typ2 respectively. The maximum yield point obtained
from the graph which is drawn between applied moments and deflection. Failure
occurs as the results of fracture of chord wall on tension side of the brace and plastic
bending and buckling of the chord on compression side.

d) Out-plane-bending:

In this case also the similar procedure of above case followed except the
direction of load application. Here the loads applied at the end of the brace of the two
points. The couple formed then the displacements, stresses are tabulated. But in this
case the loads are applied perpendicular to the chord Tube. The same procedure
followed at different loads for other types of models. The maximum yield point ob-
tained from the graph. Inthiscase thefailure occurs asaresult of local buckling of the
chord wall in the *vicinity’ of the brace saddle and compression side occurs.

2.4 Equations in Satic Analysis

After using a discretization scheme to model the continuum, we have obtained an
expression for thetotal potential energy in the body as

P=%Q"KQ-Q'F (2.1)

WhereK isthestructural stiffnessmatrix, Fistheglobal load vector, and Qis
the global displacement vector. Here, K and F are assembled from element stiffness
and force matrices, respectively. We now have to arrive at the equations of equilib-
rium, from which we can determine nodal displacements, element stresses, and sup-
port reactions.
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The minimum potential energy theorem is now invoked. This theorem is
stated asfollows: Of al possible displacementsthat satisfy the boundary conditions of
astructural system, those corresponding to equilibrium configurations make the total
potential energy to aminimum value. Consequently, the equations of equilibrium can
be obtai ned by minimizing potential energy (P) with respect to Q, the potential energy
P=%Q" KQ - Q'F subject to boundary conditions. Boundary conditions are usually
of the type.

Qpl = al’ QPZ = az’ Qpr = ar (22)

That is, the displacements along degrees of freedom (dof) p,,p,....p, are specified to
beequaltoa, a,..., a, respectively. Inother words, there are number of supportsin
the structure, with each support node given a specified displacement. Generally the
term d o f is used here instead of node, since a two-dimensional stress problem will
have two degrees of freedom per node.

It should be emphasized that improper specification of boundary conditions
can lead to erroneous results. Boundary conditions eliminate the possibility of the
structuremoving asarigid body. Further, boundary conditions should accurately model
thephysical system. Elimination approach for handling specified displacement bound-
ary conditionsisgive below.

There are multi-point constraints of the type
lepl + bZQpZ =b0

Where b, b,, and b, are known constants. These types of boundary conditions are
used inmodeling inclined roller supports, rigid connections or shrink fits. It should
be emphasi zed that improper specification of boundary conditions can lead to errone-
ousresults. Boundary conditions eliminate the possibility of the structuremoving asa
rigid body. Further, boundary conditions should accurately model the physical system.
Two approacheswill now be discussed for handling specified displacement boundary
conditions of the type given in Eq.2.1 the elimination approach and the penalty ap-
proach. For multi-point constraintsin above equation, only the penalty approach will
be given, becauseitissimpler toimplement.

Toillustrate the basic idea, consider the single boundary condition Q =a.
The equilibrium equation are obtained by minimizing Pwith respect
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To Q, subject to the boundary condition Q, =a,. For an N —d o f structure, we have
Q=1Q, QyQJ"
F=[F,F,F]"

Theglobd stiffnessmatrix isof theform

MNote that K is a symmetric matrix. The potential energy I1= % " K} « 7 F con be

writien in expanded form as;
M=% Kyt Q1K e o O K O

PR R KOs o T K
PO K h + ON Kz Qza o0+ O K O
b [L:'_ F| T ':.\:': E;': LT ':_"lx‘; .I-\.\,:I

If we now substitute the boundary condition Oy = a; mto the expression

Forll ahove, we abiain.

M=% Enm+al Kiptha+.,. +a K Ow
T ':;.?'.' Kaja; ':\.;'2 K ':-.?'.'- e = ':-.?'.' Koy [.;h.
O B - QN B Q2+ o+ Uy Fom O
= (@ Fy+(:Fz+ ...+ O Fud (2.3)

14 L‘ll ki) -'!"II F can be wiillen

Wote that K is a symonetric matrix, The |1|.|1n:r|['i;1| EnerEy I
in expanded form as:

IT L [[,;l| I':.'|[J| . ':.\;:'] I':.r,- [,;l'_' . T ';.?I ]"I-"\-[}"
Qe ha + Q2K Qae o+ O Ky Oy

L UHRNI[JI' ':-;3'?‘: K'-u'.'ﬂ.'- wae T ';:.?m K.-n. [;h.
- |Q F| T Q_—E": L | {_;I:“\.-].\,:I

If we now substitute the boundary condition u| ay it the |_'1|1n_'xxiv::rn
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Mole that the displacement () has been eliminated in the polontial energy expression above,
Conssquenthy, the requirement that 1T take on 3 minimum vales implics tha

Ao =z 24
i
W thus obiain,
Kxils + Koy Qg + L.+ Koy (i Fr-Kamn
Kl + Kax Qs + ... + Koy Oy Fy— By
Kanilds + Kpgs iy t Bpga = Fro— Bpg &y 2.5

The above finile element squabion= can be expressed mm malnzx fom a=

. I ol R ¥ [
1 1 1 2 4 -
= 1=
L &
F. K i, 1, B

We now abserve that the (N-1 x N-1) stiffness matrix above is obtained simply by
deleting or eliminating thefirst row and column (inview of Q, = a ) fromthe original
(N x N) stiffness matrix. Equation 2.6 may be denoted as

KQ=F 2.7)

Where K above is a reduced stiffness matrix obtained by eliminating the row and
column corresponding to the specified or ‘ support’ d of. Equations 2.7 can be solved
for the displacement vector Q using Gaussian elimination. Note that the reduced K
matrix isnonsingular, provided the boundary conditions have been specified properly;
theoriginal K matrix, on the other hand, isasingular

Matrix . Once Q has been determined, the element stress can be evaluated using the
following equation

s=EBQ (2.8)
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Where Q for each element is extracted from Q using element connectivity informa-
tion.

Assume that displacements and stresses have been determined. It is now
necessary to calculate the reaction force R, at the support. This reaction force can
be obtained from the finite element equation (or equilibrium equation) for node 1:

KpQ +K.,Q, + ... +K, Q, = F+R, (2.9
Here, Q,, Q,..... Q are known. F, which equals the load applied at the
support (if any), is aso known. Consequently, the reaction force at the node that
maintainsequilibrium, is
R=K,Q+K,Q, + ... +K, Q.- F (2.10)
Note that the element K, K_,,...K ,, used above, which form the first row

of K, need to be stored separately. ThisisbecauseK in Eq. 2.7 isobtained by deleting
thisrow and column from the original K.

The modification to K and F discussed above are also derivable using
Galerkin’svariational formulation.

YT (KQ-F)=0 (2.11)

For every Y consistent with the boundary conditions of the problem. Specificaly,
consider the constraint

Q=2 (2.12)
Then, we require
Y, =0 (2.13)

Choosing virtual displacements Y =[0,1,0,...0], Y = [0,0,1,0,...0]"

Y= [0,0,...0,1], and substituting each of theseinto Eq.3.11, we obtain precisely the
equilibrium equationsgivenin Eq.2.6.

2.5. Von Mises Stress

Von Mises stress is used as a criterion in determining the onset of failurein
ductile materials. Thefailure criterion states that the Von Mises stress s, should be
lessthan theyield stress, s, of the material. Intheinequality form, the criterion may
be put as

SuES, (214)
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The Von Mises siress gy 18 given by
F oy IF -3, (2.15)

Where 1) and [+ are the first two invanants of the stress tensor. For the general state of stress
I and Is are given by
L= oyt oy + o

| B

=

Oy + Oyl + 20y Ty =T o=F n (2. 16)

In terms of the primcipal stress &) o2, and a5 the two mvanants can be witten as
]| I T I 7 Oy
[1 F{{Fs + O5873 T 50 l:::l.r"}

Vion hiscs sireas can be expressed m the form

J

,,v'i”. g +le,-a,) +(o,-0,) (218

2.7. THEORETICAL ANALYSIS

The portion of the chord that is located directly under the brace acts as a
significant areaasit carriesthe maximum loads acting on it on both horizontal diametric
ends. The displacement distributions can be translated in to approximate load
distributions on both chord ends as shown in Figure (2.3) and Figure (2.4).
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Figure 2.3: Approximate load dstnbution  Figure 2.4: Approximate load on Tension end of
i compression cind of chord tensien end of chord
3. RESULTS

The results from thiswork are presented in finite element outputs, followed
by final comparison. The result of finite element analysis for an elastic analysisis
presented. The Von Misses Stress was obtained for each loading mode and then
takes further yield point to serve as abase for comparison. The finite element model
of the T-joint, created using ANSY S pre-processor is shown in Figure 3.1.
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TYPE-1 TYPE-2
Fig. 3.1: Finite element model of the Tubular T-joint

ANSYS FINITE ELEMENT RESULTS COMPRESSION LOADING FOR
TYPE -1

The meshed model of the T-joint, when subjected to axial compressive load,
revealed that the portion of the chord directly under the brace is subjected to high
stresses. Von Misesequivalent stressistaken to defineyield point. Thejoint yielded at
acompressive load of 25K N. The displacement distribution on the chord at yield is
shown in Figure 3.2. Near the intersection of the members, the displacements are

found to be high. As expected the displacements are greatest at the intersection of the
branch and chord.

1 L
i b

ANSYS FINITE ELEMENT RESULTS OF IN-PLANE BENDING
LOADINGFORTYPE-2

Under in-plane bending moment load, the portion of the chord adjacent to the
intersection of themembersyielded. TheVon Misesstressesarefound to equal the
yield stressat abending moment load of 0.75 K N-m. Thedisplacement distribution

3.2: Finiteelement model of the
Tubular T-joint type- 1
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isshownin Figure 3.3. Itisobserved that one side of the brace actsastension side
and other side ascompressive side, with the portion of the cord directly under the
brace actsastrandational stage between thetwo sides

| e
|

ANSYSFINITE ELEMENT RESULTSOF OUT-OF- PLANE BENDING FOR
TYPE -2

Under out-of-plane bending moment load, the portion of the chord directly under the
braceisfound to yield at aload of 0.46 KN-m, are shown in Figure 3.4

l?.
M m Fig. 3.4: Finite element mode! of the
s Tubular T-joint type- 1
I ‘I ‘I.
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Fig. 3.3: Finiteelement model of the
Tubular T-joint type- 2
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Table 3.1 Comparizon between Experimental and Finite element results for Tubular T-pomi
for TYPE-1 (Experiments by Hameed et al [5])

Loading case Yielding point (FEA) Tielding point
(ANSYE} (Experiment)

Tension (KN} 25.00 2444

Compression (R} 25,00 19,40

[n-Plane bending (KN-m) 0.55 043

COht-of-Plane bending (KMN-m) | (.50 037

Table 3.2 Comparison between the ANSYS and LUSAS [6] Finite element analysis

results for TYPE-1

Loading case Yeilding Point {LUSAS) | Yeilding Point (ANSYS)
Tension (kM) 25 25

Compressien (KN} 25 25

In-Planz Bending (kN-m) 11560 (L5%

Cyt=Plane Bending (kN-m) .49 (h.50

Table 3.3 Comparisen between Experimental and Finite element resulis for Tubular

T-joint for TYPE-2 (Experiments by Hameed et al [6])

Loading case Yizlding point Yiclding point % Error
{FEA) {ANSYS) (Experiment)

Tension (KN) 32 3148 1.623

Compression (KN) 32 20,63 740

[n-Plone bending (EX-m) 0.75 081 20

Out-of-Planc bending (KN-m) [ 45 048 4347
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Table 34 Companson between the ANSYS and LIUSAS 6] Finite dement andvsss reselis
for TYPE-2

Lowing case Yiekling Point | Yiehling Point
(LUSASH (ANSYS1
Tension (KN 3 3
Compression [EN] il 1
[-Flane Bending {KN-s} 07 (073
COht-Flane Besding (KN-m) 047 (46

TYPE 1&TYPE 2 FEA Vs EXPERIMENT

15
0
15
10
15

1

=i=Typpee } Yildling paoin] (FER)
== Tyjpe T vl iing poir (Experisien]
—i— Type 1 Vil ng poinl (FE&)
s Tippe 1 Vel g ] (Eacprrimienid |

Fig 3.3 Craphical eomspanson of Type-12ad Type-2, FEA Vs, Expenment
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4. CONCLUSIONS

Anédastic analysishasbeen carried out. Theresult showsthat thecircular
braceisjoined perpendicular tothedliptical chordwith mgjor diameter aslongitudina
axisi.e Type2jointsare stronger than Typel for al loading cases. « Failurefor all
thetypesstartsnear theweld joint and it happens on the chord and not ontheweld
itself. The reasonabl e agreement was obtained between the elastic analysis of
ANSY Sand LUSAS resultsfor all types under al loading cases Reasonable
agreement was obtained between the finite element analysis results and the
experimentd vauesfor al loading cases. TheYidd point’ sdifferencevariesbetween
1.62 and 8.0 percent. Thisiswell withinthe experimentation error limit of 10 %. for
Tubular T-joint. Having validated the ANSY Spackagefor elastic analysisof the
Tubular T joint, it can be expanded to mode and designtheinclined bracejointslike
Y, K and X.

5.NOMENCLATURE
d = brace diameter |=length of brace K structurd stiffnessmatrix,
D =chorddiameter ~ T=thicknessof chord Fglobal loadvector [3=d/D

L=Ilengthof chord t=thicknessof brace  Q global displacement vector
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