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Abstract: The defect caused by the transportation and fabrication during o1l tanker construction become major
concern. BEspecially, on mid-ship section for the largest cyclic bending moment during the operation. The
present research elaborates the fatigue life estimation on stiffened panel with T and Y stiffener profile using the
TACS CSR. The stress distribution on cross sectional area of stiffened panels with and without defect
considered as the preliminary condition for development of fatigue life estimation. The result shows that, the
fatigue life estimation of stiffened panel with profile T and Y is 34.95 and 35.46 years. The similar the equivalent
stress on stiffened panel with profile T has lower value compared to Y stiffener profile. The defect positions
affect the contour stress distribution of stiffened panels with lower value of equivalent stress compared to the

stiffened panel without defect.
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INTRODUCTION

The oil tankers are comprised of complex structure on
which the stiffeners play important role to strengthen the
plate of the hull during operation and the mid-ship
section 15 the area with the largest bending moment for
continuous sagging and hogging. Such phenomenon
known as fatigue, 1.e., the cyclic fluctuating stress on the
sub-structure, accumulatively can cause an initiation of
crack and furthermore a failure (Hughes and Paik,
2010). Accordingly, the mid-ship section has particular
construction in terms directional of working load, 1.e.,
transverse for the lateral load and longitudinal for the
axial-compressive load. The deck structure 1s supported
by the typical tee bar, side structures strengthen by angle
bar and the bottom structure consist of tee bar, angle bar
and flat or bulb bar as stiffeners (Leheta et al, 2015).
Various kind of type and position of the stiffener profiles
show the importance and the relation toward the load
characteristics working on the structure.

Due to the important role of stiffener profiles,
especially, on supporting the structural performance
under cyclic loading, generated from difference on ship
motion and wave pressure (L1 ef al., 2014) affected by
wave height in terms of three degree freedoms x-abscissa,
y-ordinate and z-applicate, 1.e., crest and trough of the
wave. Continuous sagging and hogging during the

operational condition of the ship produce vertical bending
load, axial compression, lateral pressure and torsional
acting on the sub-structure, i.e., stiffened plate with varied
stiffener profiles. Such repeated cyclic stresses
accumulatively on  sub-structure can end with
catastrophic failure in terms of defect on the surface,
initiating a cracls, crack propagation and failure. The crack
happen mostly on the hot spot area, 1.e., the mntersection
on sub-structure carrying load, e.g., bottom, deck and side
structure (Fischer and Fricke, 2016) on which supported
by varied conventional stiffener profiles. Therefore,
fatigue life estimation of the stiffened plate with T and Y
profile with no defect and with various position of defects
in terms of crack on surface should be considered as
major concerns.

Accordingly, several related research has been
carried out in terms of fatigue analysis of ship structure,
for mstance (Erny et al, 2012) reported fatigue life
prediction of welded ship details. Mahmoud and Riveros
(2014) elaborated fatigue reliability of a single stiffened
ship hull panel. Tasdemir and Nohut (2012) have
investigated the fatigue analysis of ship structure with
hinged deck design using finite element analysis, i.e., the
primary supporting member of 4900 PCTC. Fricke et al.
(2017) conducted fatigue assessment of local stress at
fillet welds around plate cormers. Yang ef al. (2016) carried
out the fatigue behavior and strength evaluation of
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vertical stiffener welded joint in orthotropic steel decks.
Regarding the stiffened plate and the stiffener profile in
ship structure (Leheta et af., 2015) have proposed ship
structural integrity using new stiffened plate, supported
by Badran and El-Kader (201 2a, b) that explained about a
new fatigue life assessment using alternative stiffened
panel in mid ship section and increasing fatigue life
mn ship structures using Y-stiffeners with right angle
of hat.

However, lack of research regarding elaboration
on fatigue life assessment according to the stress
distribution on the cross sectional area of stiffened plate
with novel Y and conventional T stiffener profiles using
TACS CSR. Especially, on the various positions of defect
towards the stress distribution and fatigue life estimation.
Furthermore, the defect in terms of mitiation of crack
could be strong foundation fatigue life assessment
equation and the crack propagation. Therefore, on the
present researches a sequence of non limier finite element
method 18 conducted on defected and non-defected of
stiffened plate with T and Y stiffener profile. On which the
various positions of defect are considered affecting the
cross seclional stress distribution and available life. In
addition, cross section of geometrical dimension is
considered as constant in all configurations.

MATERITALS AND METHODS
Referenced stiffened plate and methods

Qil tanker mid-ship structural characteristics: The
object on this present researches is bottom structure of oil
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tanker mid-ship (Badran et al., 2013), on which comprises
of the conventional stiffener profiles, e.g., flat bar, angle
bar and tee bar. Figure 1 describes the mid-ship section of
the oil tanker on which the stiffener profiles on the inner
bottom and deck become the major concerns. The
thickness of each stiffeners profile are different from the
others on the mid ship structure, e.g., top deck structure,
side structure and bottom structure. Therefore, the
thickness difference is referred to the classification
societies, considered the optimum condition of section
modulus of each configuration of the stiffener profiles.
Figure 2 shows the conventional T stiffener profiles
geometry which commonly exists in all top, side and
bottom structure.

The novel Y stiffener profile 1s a combination of a hat
section flange with the conventional stiffener profiles on
the top, fabricated by welding process (El-Hanafl et af.,
2013). The geometry of the novel Y stiffener profile
considered to replace the conventional one shown in
Fig. 3 and 4. Table 1 shows the dimension of the
conventional T and novel Y stiffener profile. The
dimension of novel Y stiffener profile was designed
according to proportionality the weight and the section
modulus of the stiffened plate. The stiffened plate with
model Y1 1s designed with the same section modulus
value to the model T on which generates a lighter mass on

Table 1: Dimension of conventional T (Dimension in mim)
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T1 300 12 150 15 850 15.5
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Fig. 1: a) Mid-ship section of o1l tanker; b) T stiffener profile and ¢) Y stiffener profile
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Fig. 2: Meshing on stiffened panel with: a) T and b) Y stiffener profile
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Fig. 3: Fixed support of the stiffened panel
Table 2: Dimension of Y stiffener profile
Y h, ty by & o = b by, by hy by tp by
Y1 334 5 210 8 9 71 100 66 213 17 850

Model Y1 compared to the Model T. In the other hand,
the stiffened plate with the Model Y2 has the same weight
compared to the Model T resulting higher section
modulus value compared to the conventional T stiffened
panel. The correlation among cross sectional geometry
characteristic, mass and section modulus explamed on
Table 2 and 3.

Non-linear finite element analyses on stiffened panel

Finite element model: Previous research has showed
promising results in terms of utilization finite analysis, 1.e.,
The utilization of finite element method is to elaborate

Table 3: Section moduhis and mass of stitfened plate with T and Y stiftener

profile
Models Mass (kg) Z (m)
T1 839.66 0.0038
Y1 423.83 0.0038

comprehensively the elastic-plastic behavior of the
stiffened panel. Fmite element method 1s effective in
predicting the fatigue strength characteristics of cracked
stiffened panel with different configurations of stiffener
profiles under cyclic vertical bending load. The simulation
using ANSYS 162 student version as FEM-based
software the covers the variation of position of the
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Fig. 4: Loading on the stiffened panel
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Fig. 5: a) Defect in the middle; b) Quarter length and ¢) Adjacent of the stiffeners

semi-elliptical crack on stiffened panel with conventional
T and novel Y stiffener profiles and the dimension of the
stiffener profile for its correlation toward section modulus
and mass of the stiffened plate. The estimation of the
ultimate strength on thin walled structure composed of
plates and stiffeners i terms of box-like structure
(Badran et al., 2013). On the finite element analysis, the
non-linear behavior of structure 1s considered with the
geometric non-linearity, i.e., large deformation and material

non-linearity capabilities in terms of elasticity and yielding
(Leheta et al., 2016). The finite element model 1s used for
defected and non-defected stiffened panel with
conventional T and novel Y stiffener profile. On thus
study the defect is considered as semi elliptical crack, on
which the dimension of the crack 1s adjusted for the
investigation as shown in Table 4 and the positions are
varied in lateral direction as shown m Fig. 5Sa-c, for
instance, on stiffened plate with T stiffener profiles the
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Table 4: Dimension of defect

Major radius Minor radius
Defect (mm) (mm)
Semni-elliptical 5 4 1

Largest contour
radius

configurations are T with no-crack, T middle crack, T
quarter crack and T adjacent crack. This 1s in line with the
stiffened plate with novel Y profiles where the position of
the crack 18 compnsed of Y with no-crack, Y muddle crack,
Y quarter crack and Y adjacent crack. The stiffened panel
with novel Y stiffener profiles is separated into Y1 and Y2,
on which the section modulus and mass become
consideration compared to the conventional T stiffener
profile.

Figure 2a, b shows the meshing of stiffened panel
with conventional T stiffener profile and novel Y stiffener
profile. On which the meshing used for the global mesh 1s
the tetrahedron for the compatibility of analysis the crack
(Leheta et al., 2016). The global size is coarse in order to
conduct fine mesh on the surrounding area of the crack.
Fine mesh 1s created with sphere method of influence
with sphere radius 75 mm and element sizeis 10 mm.

Load and boundary condition: Loading condition
composed of the fixed support and load which is working
on. The stiffened panel 15 designed with the fixed support
surrounding of the panel. In the other hand, the uniform
structure  is  applied vertically,
representing the sagging and hogging during the
operational condition. The uniform load used on the

load on bottom

stiffened panel 15 0.16 MPa, representing the wave load
received on the bottom structure of the ship during
operational condition. Figure 3 shows the fixed support
on the stiffened panel with novel Y profile stiffener and
the loading is shown in the Fig. 4. The boundary
condition consists of the T [x, y, z] mdicating the
translational constraints and the R [x, y, z] indicates
rotational constraints in x-, y-, z-coordinates, respectively,
a “0” indicates constraint and a “1” indicates no
constraint. In accordance with Fig. 4, on which the
constramt on the plate nodes area m Y, Z and X direction.
On this study, the stiffened panel has parametric
constramnt T [0, 1, 0] and R [0, 0, 1] and the deformation in
X-, y-, z- from fine mesh section is applied as force

boundary condition m stress concentrated model.

Position of defect: The configurations of the position of
the sermu elliptical crack are with no-crack, in the middle of
the stiffeners, quarter length of distance between stiffener
and adjacent position. All of those configurations are
describe on Fig. 5a-c.

Fatigue life estimation: The fatigue assessment is
conducted using International Association Classification
Societies Commeoen Structural Rules 2010. Tt is based on
Palmgren-Miner cumulative damage rule and if the
cumulative fatigue damage ration is =1, structure
capability in resisting cyclic loading 1s not accepted. The
focus is on the detailed fatigue life assessment for
structure detail in the mid-ship section:

Fatigue life = DR yers )
DM
According to the CSR requirements, fatigue life
calculation should be more than 25 years:

DM = zzj DMi 2

i=1

DMI = Cumulative fatigue damage ration for the
applicable loading condition

1=1 = For full load condition

2 = For normal ballast condition
pumi=%MNe Sk pae 3)
2 (InNg)® E

¢, = proportion of the ship’s life: o, = 0.5 for full load
condition, &, = 0.5 for ballast condition N, = Number of
cycles for the expected design life. Approximate value 15
between 0.6x10°and 0.8x10° cycles for 25 years of design
life. f; = 0.85, factor taking into account non-sailing time
for operations such as loading and unloading, repairs, etc.
U = design life (s) = 0.788>109 for a design life of 25 years,
L = rule length:

__fu (4)

4logL

L

K, = 0.63x10" SN curves coefficient as given in CSR
(Table C.1.6)

S, = Stress range at the representative probability level
of 10 (N/mm?)

Nz = 10000, Number of cycles corresponding to the
probability level of 10

m = S-N curves exponent as given in CSR (Table C.1.6)

£ = Weibull shape parameter

B = Coefficient taking mto account the change in the
slope of the S-N curve

I' = Gamma function

stress range sy, required for the cumulative fatigue
damage ratio m Eq. 3 is calculated using simple beam
theory:
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g, =& (5)

M. =M M (6)

Ri wy-hog wy-sag

My is the range of wave bending moment at a
representative probability level of 107 and 7. .05 is the
“net” section modulus (-0.25 tecorr) of the mid-ship cross
section.

RESULTS AND DISCUSSION

Equivalent stress: The output of the simulation
considering the variation of position of semi-elliptical
crack on the stiffened panel T, Y1 and Y2 in terms of the
equivalent stress time curve. Generally, all of the cracked
and non-cracked stiffened plates has various pattern of
equivalent stress time cuwrves. Figure 6a shows the
equivalent stress of the stiffened panel with conventional
T stiffener profile on which the highest value of
equivalent stress 1s the stiffened plate with adjacent crack,
i.e., the closest crack toward the stiffener, following by the
crack in the middle of the stiffeners. A significant slope
declining of the equivalent time curve happened on the
quarter crack between the stiffeners and the lowest value
of equivalent stress time is stiffened plate with no crack.
The stiffened plate with novel Y1 stiffener profile which
has same section modulus and lighter mass compared to
the conventional T stiffener profile as shown m Fig. 6b,
shows a lower value of equivalent stress in all condition
in terms of non-cracked and cracked stiffened panel. The
sequence of the details declination values of equivalent
stress has similar pattern compared to the stiffened plate
with conventional T stiffener profile, sorted from the
highest to the lowest, i.e,, Y1 adjacent crack, Y1 middle
crack, Y1 quarter crack and no crack. The declination of
the equivalent stress value 1s considered affected by the
shape of the novel Y stiffener in terms of the hat
construction on the plate, strengthen in global structure
of stiffened plate.

Among the stiffened plates with configuration of
stiffener profile, conventional stiffener profile has the
lowest equivalent stress for capable of resisting 440 MPa
under adjacent crack, 1.e., the closest crack to the stiffener.
In the other hand, stiffened plate with novel Y1 and Y2
stiffener profile has better equivalent stress compared to
the conventional T profile. However, each of novel Y1 and
Y2 stiffener profile has equivalent stress on which can
only receive 280 MPa of equivalent stress with adjacent
crack condition. The crack close to the stiffener become
major concern because the geometrical effect of the
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Fig. 6: Equivalent stress time on: a) Pelat T and b) Pelat
Y1 Out and with defect in 3 positions

stiffened panel affecting the stress distribution

surrounding the crack area which further develop in terms

of propagation.

Stress distance: On the cross sectional area of the
stiffened plate with T and Y stiffener profile, equivalent
stress distributions are described between the stiffeners
in terms of T, Y1 and Y2 profiles with applied particular
conditions, 1.e. with and without defect on the surface.
The T, Y1 and Y2 stiffener profile are adjusted on the
geometrical characteristics, section modulus and mass.
The defect is the semi elliptical crack in various lateral
positions, ie., middle of the stiffener, quarter length
between stiffener and adjacent to the stiffener.

Generally, the stress distribution fluctuation on the
cross sectional area of the stiffened plate with profile T
and Y showed a similar pattern. However, the value
equivalent stress and distances in terms of y-axis and in
x-axis on both stiffened panel with T profile and Y profile
showed the different. On which the equivalent stress
distribution on the stiffened panel with profile T 15 80 MPa
and 54 MPa on the Y profile as shown in Fig. 7a and b. In
addition, the equivalent stress related to distance shows
a shifting on the equivalent stress near by the stiffener on
both T and Y profile. Such phenomenon is affected by the
attached hat construction on the stiffened panel with
profile Y.
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Fig. 7: Stress-distance of stiffened panel with profile: a) Pelat T and b) Pelat Y1

Regarding the effect of defect on various lateral
positions on in terms of semi elliptical crack and is
comparison to the non-defected stiffened plate. A
fluctuation on the equivalent stress distribution along the
distance for the defected and non-defected stiffened plate
with T and Y stiffener profile as shown m Fig. 7. It 1s
affected by the defect, positioned near by the stiffener
quarter and middle of the stiffened panel with profile T
and Y. The defect in the middle stiffened panel with Y
stiffener profile showed lower value of equivalent stress
compared to the T stiffener profile. Similar conditions also,
happen for others defect positions. This 1s affected by the
additional hat construction, raising the strength of the
stiffened plate with Y stiffener profile compared to T
stiffener profile (Table 5).

Fatigue life prediction: Tn accordance with the fatigue life,
the calculation 1s carried out with no consideration on
effect of defect. Therefore, the calculation consists of the
non-defected of stiffened panel with stiffener profile T
and Y with no defect on surface.

Table 5: Result fatigue life estimation on stiffened panel with profile T and

Y
Terms Stiffener T Stitfener ¥
Required fatigue section modulus (m’) 31.35 31.35
Actual section modulus (m®) 34.95 3546
M.,(MNm) 3946.65 3946.65
No 788000000 788000000
K; 6.3E+11 6.3E+11
Srs(Nfmm?®) 108.48 109.24
M 3 3
= 0.94 0.94
DM; 0.39 0.4
DM 0.79 0.8
Fatigue life (vears) 28.14 20.39

The result shows that the fatigue life of novel Y
stiffened panel with T and Y has stiffener profile
approximate fatigue life 28.14 and 29.39 years. The similar
result of fatigue life, caused by the adjustment on value of
section modulus for Y stiffener thus the value is closed to
the section modulus of T stiffener profile. Such condition
affects the mass of the T and Y stiffener profile on
which the stiffened panel with Y stiffener profile has
lighter mass compared to the stiffened panel with T
stiffener profile.
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CONCLUSION

The objectives of this study 13 to conduct a
preliminary study on the development of the fatigue life
formulation referred to JACS CSR rules, 1.e., elaboration
the effect of lateral defect positions on both stiffened
panel with T and Y stiffener profile, n terms of the
equivalent stress-distance using numerical approach and
the fatigue life estimation on non-defect conditions of
stiffened panel using TACS CSR Rules. Accordingly, a
series of non-limer fimte element method computations
were conducted. The vamable comprises of defect
positions, geometrical dimension of stiffener T and Y,
section modulus, mass and the fatigue life.

Based on the results obtained from the present
works, the conclusions can be described as follows:
stiffened panel with profile Y has lower value of
equivalent stress compared to the stiffened panel with
profile T. The hat on the panel play wnportant role in
strengtheming the panel, the defect increases the
equivalent stress on stiffened panels, on which the
stiffened panel with T has higher value compared to the
and Y stiffener profile, on the cross sectional area,
stiffened panel with Y has relatively lower the stress
distribution compared to the stiffened panel with T profile,
the defect also affect the stress distribution on lateral
condition. The result from numerical approach of effect of
defect on stiffened panels will be used as foundation to
develop the fatigue strength equation in TACS in terms of
elaboration on the gamma function.
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