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SOMMAIRE
En 2013, le Bureau Veritas a reçu une demande de classification pour un méthanier à sphères d'une
capacité de 182 000 m3, soit la plus grande capacité jamais construite à ce jour pour ce type de
méthanier à sphères.
Pour cela le bureau Veritas a effectué une série de vérifications de résistance de la structure du navire,
dont:
•

Vérification de l’échantillonnage de la citerne,

•

Calcul du navire complet par la méthode des éléments finis,

•

Etude de torsion de la coque du navire,

•

Analyse de flambement,

•

Etude de fatigue...

Le mémoire présente une vue d'ensemble de ces études.

SUMMARY
In 2013, Bureau Veritas has received a request for the classification for a LNG carrier with spheres, of
a capacity of 182,000 m3, the largest capacity ever built so far for this type of ships with spheres.
For this purpose, Bureau Veritas has carried out a set of assessment of the ship structure, including:
•

Assessment of the scantlings of the tank,

•

Full ship analysis with the finite Element method,

•

Analysis of ship hull torsion,

•

Buckling analysis,

•

Fatigue analysis…

The paper presents an overview of these analyses.
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1. INTRODUCTION
In 2013 Bureau Veritas received a
classification request for a spherical tanks
LNG carrier with 182 000 m3 capacity.

•

Boil off : 0,08% / day

•

Draft : 13 m

•

4 tanks

•

Propulsion : Electric Diesel Dual Fuel

Figure 1 shows a ship project view.

This capacity is the largest LNG carrier
capacity neither built and is also the first
spherical tanks LNG carrier with DFDE (Dual
Fuel Diesel Electric) propulsion.
With this ship, Bureau Veritas will have
5 spherical tanks LNG carrier in its register,
the 4 previous ones being:
•

LNG ABUJA

126 530 m 3

•

LNG EDO

126 530 m 3

•

LALLA FATMA N'SOUMER 145 000 m3

•

ARCTIC LADY

146 000 m 3

This last ship, which is part of 20 LNG carriers
under building with Bureau Veritas survey,
will be added to the 60 in-service LNG carriers
that Bureau Veritas counted in its register.

Figure 1: Ship view
Figure 2 presents the spherical tanks ship
concept.

The LNG tanks, spheres of type MOSS,
correspond to type B as defined by the IGC
IMO code [1].
The ship has to be delivered in October 2016
and will transport the LNG from the Australian
project Ichthys to clients located in south Asia.
Within the scope of the ship classification and
design review, various independent analysis
have been performed. The paper aims to
present theses different analysis.

2. THE SHIP
Figure 2: Concept of a spherical tanks LNG

The ship concept has been developed by a
Japanese shipyard from a 177 000 m3 ship the
volume of which has been increased with
5000 m3 by lengthening/elongation of 2 of the
spheres by a cylindrical section at the equator
with a height of about 1.6 m.

The spherical tank, in aluminium, is supported
at the equator by a cylindrical skirt in stainless
steel.
As it can be seen on the figure 2, the deck is
largely open to allow the passage of the
spherical tank which is supported by the
intermediate skirt on a lower deck.

The ship characteristics will be as follows:
•

Length pp : 286,5 m

•

Breadth : 52 m

•

Depth : 28 m

•

Capacity : 182 000 m3

•

Speed : 20,0 kn

The tank verification includes the following
steps:
•

In a first step, a scantling verification of
the tank alone is performed.
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•

Then a verification of the ship strength is
performed through partial models extended
on 3 tanks.

•

A verification of the ship strength by a full
model.

•

At last a verification of the fatigue
behaviour of the hull is performed.

Figure 4 shows a tank deformation and the
stress distribution.

We shall describe each of these steps.

3. TANK CALCULATION

Figure 4 : Tank deformation

The spherical tanks LNG being of type B as
defined by the IGC code [1], various criteria
exists for the scantling of the tanks which
require different verification levels.

The stresses are checked versus the IGC code
criteria [1], based on the yield and ultimate
strength of the tank material.
3.3. Linear buckling verification

3.1. Tank scantling

A verification of the buckling strength of the
spherical tank, by the finite element method is
performed, first with linear buckling, then non
linear.

A verification of the spherical tank scantling,
in particular its thickness, is performed first by
analytical formulas.
The minimum thickness is verified by formulas
which are proposed in the Bureau Veritas
guidance note « Guidance for the design of
LNGC spherical cargo tanks » [2]. The
approach based on analytical formulas has
been developed by Gael Pouchain [3].

To do so the Abaqus software have been
applied.
The model is supported by the equator and is
loaded by the LNG pressures. Various filling
levels are simulated.

3.2. Stress verification

The ship accelerations are taken into account
and also the shrinking effects.

The stress state calculation is performed by the
finite element method.

The model and the boundary conditions are
those yet shown in figure 3.

A model of the tank structure alone, with its
mast, is developed to which the internal
pressures due to the cargo are applied.

The figure 5 shows the linear buckling mode of
the tank.

The tank structural model and the boundary
conditions are shown on figure 3.

Figure 5 : Buckling modes
3.4. Non linear buckling analysis

Figure 3 : Model and boundary conditions

The non linear buckling calculation takes into
account the material yielding.

The deformations are imposed vertically at the
equator. The vertical deformations due to the
ship hull girder deformations and totally
transmitted by the skirt to the tank are applied
on the sphere equator.

A deformation is forced in the model, in
relation with the maximum building tolerance
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deformations given by the shipyard, as
required in 4.4.5 of the IGC [1].

The minimum safety factor is of about 2.

The figure 6 shows the stress/strain curved
obtained by the calculation.

4. PARTIAL MODELS CALCULATON
The hull verification is performed, first, by
calculations of structures developed on 3 tanks,
as required by the Bureau Veritas Rules [4]
and the ND 350 [5]. The model includes the
ship structure, the tanks and the top covers.
The model is balanced and is submitted to the
local loads, the ship hull girder loads (bending
moments and shear forces) including the still
water and wave loads.
The figure 7 shows the structural model of 3
holds and 3tanks.

Figure 6 : Stress/strain curve
The software provides a load proportionality
factor which is a ratio between the load applied
to the model and the load of collapse of the
tank.

The structure scantling is checked using this
methodology.

The minimum load proportionality factors are
given in table 1 for linear and non linear
calculations.

Loading case

Proportionality factor

Filling

Linear

Non linear

25%

9.84

3.49

33.3%

7.73

3.45

50%

5.44

2.00

57%

5.34

2.01

66.7%

8.05

2.01

75%

8.54

2.01

Figure 7: 3 tanks model
The same model type is developed for the fore
part of the ship, figure 8.

Figure 8: Fore part of the ship model

5. FULL SHIP CALCULATION

Table 1 : Load proportionality factors

As mentioned previously, the spherical tank
LNG carriers have the particularity to have
large deck openings. This particularity, which
is also found on container ships, leads to
additional warping stresses (restrained torsion)
for quartering seas.

It can be seen that the linear buckling
calculations are optimistic. The more severe
fillings are obtained for levels between 50%
and 70%.
The load proportionality factor does represent
exactly the safety factor but provides an
indication relative to it.
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In view to check that these stresses remain
acceptable, it is necessary to perform a
calculation of the full ship.

incidences with the diffraction and
radiation linear 3D software HydroSTAR.

To perform this type of verification, Bureau
Veritas has developed a methodology based on
the equivalent design wave [6].
5.1. Equivalent wave method
The equivalent wave method starts by an
hydrodynamic analysis and follows the chart
presented on figure 10.

•

The dominant loading effect (DLE) and
the transfer functions (RAO's) are selected
within the hydrodynamic calculation
results.

•

A spectral calculation is performed by
combining the transfer function of the
dominant effect with the meteorological
conditions.

•

A long term calculation is performed.

•

The equivalent design wave is then
defined, based on the critical incidence, the
critical transfer function and the long term
calculations.

•

A calculation with the equivalent wave
with HydroSTAR allows determining the
hydrodynamic pressures and accelerations
to be applied to the ship structure.

•

The structural response is then obtained by
application on the structural model of the
pressures and accelerations of the design
equivalent wave.

5.2. Applied softwares and models
The applied software for this study are:
•

HydroSTAR
calcualtions,

for

the

hydrodynamic

•

Hommer for the interface hydro-structure,

•

VeriSTAR hull for the calculations of the
structure.

The figure 11 shows the model for the
hydrodynamic analysis.

Figure 10: Design equivalent wave
This method includes an hydrodynamic
analysis, a spectral analysis and a structural
analysis. The main steps are the following:
•

The ship structure is modelled with its
shapes, masses and stiffness.

•

The hydrodynamic pressures on the hull
are calculated for a set of frequencies and

Figure 11: 3D hydrodynamic model
The figure 12 shows the model of the structure.
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Figure 12: Structural model
The structural model is clamped at 3 nodes. It
is verified that the forces at these nodes are
zero.

Figure 14 : Transfer function of the torsion
moment
The participation of each incidence to the
torsion moment is given on figure 15, where it
can be seen that the torsion is maximum
around 45° of wave incidence.

5.3. Calculation conditions
The considered loading cases are full load and
ballast
conditions.
The
meteorological
conditions are those of the North Atlantic as
defined by the IACS UR 32 [7]. The wave
incidences are assumed with equiprobability.
5.4. Intermediate results
The distribution of the torsion moment,
obtained by combination of the transfer
functions and North Atlantic conditions are
represented on figure 13.

Figure 15 : Participation versus wave
incidence
5.5. Results
Figure 13 : Long term torsion moment
distribution

The figure 16 shows the obtained stresses in
the ship deck and the deformation on the
length of the cargo area.

A transfer function example for 2 incidences of
the torsion moment in a given point is shown
on figure 14.

The structural calculation results show high
stresses in the longitudinal bulkheads.
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pressure
on
the
different
structural
components. The loads are taken in conformity
with the rules values.
2. Spectral method
This approach includes a hydrodynamic and
structural analysis providing the transfer
functions of the dynamic stresses, for each
wave length and each wave incidence.

Figure 16 : Deck stresses

Using the scatter diagram of the navigation
area it can be performed a long term
calculation of the dynamic stresses and
determined the Miner sum providing a damage
factor and then a life time.

The buckling calculation of the plates between
stiffeners is performed with the elementary
stresses.
The rules formula based on the Euler buckling
are applied to the elementary stresses.

The spectral method requires the calculation of
a number of loading cases of the order of
thousand when the deterministic method limits
the number of loading cases to the order of ten.

The figure 17 shows the buckling analysis
results.

The Bureau Veritas ship rules allow, for ships,
the fatigue verification with the deterministic
method. It is the method which has been used
for the fatigue verification of the spherical tank
LNG carrier presented in this paper.
6.2. Dynamic stresses
The stress amplitude calculation, in conformity
with the Rules, is performed with a fine mesh
structural model, the element sizes of which
are of the order of magnitude of the thickness
of the concerned component.

Figure 17 : Buckling calculation

The figure 19 and 20 show realized models of
the spherical tank LNG structure.

Following this analysis some structural
components will be reinforced, in particular in
the longitudinal bulkheads in the holds of
extremities of the cargo area.

6.3. Cumulative damage
Although the Miner sum is criticized it is the
only available method for the calculation the
cumulative fatigue damage. The method is
based on a linear summation of the fatigue
damage from a long term distribution of the
dynamic stresses.

6. FATIGUE ANALYSIS
The LNG carrier subject of the study was
specified with Class notations imposing a
fatigue verification with a 40 years life time
criteria on the more critical structural details.

An illustration of the principle is shown in
figure 18.

6.1. Sea loads
Various method to represent the sea loads are
possible for a fatigue analysis.
1. Deterministic method
In this approach the dynamic stresses induced
by the sea are calculated at a given probability
level. The stresses include the effects of the
ship hull girder behaviour and the local sea
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Figure 18 : Miner sum principle
The failure criteria is given by:

D=

>

Figure 19 : Fine mesh of plies of the double
hull an deck/top cover connections

where  is the safety coefficient taking into
account the uncertainties on the material
strength.
6.4. S-N curve
The Bureau Veritas S-N curves take into
account the following parameters:
•

Welded and non welded area,

•

Generally -2 standard deviations,

•

Post weld treatments,

•

Building quality…

6.5. Analysis results
The following structural details have been
analysed:
•

Plies in the double hull (see on figure 19
an example of the mesh refinement)

•

Top cover brackets (see on figure 20 an
example of the mesh refinement)

•

Longitudinal girder transverse bulkhead
connections

•

Skirt connection with the deck foundations

•

Side shell stiffeners…

Figure 20 : Fine mesh of the top cover bracket
on the main deck

7. CONCLUSION
The spherical tank LNG carriers represents
today less than 12% of the LNG carriers under
order in the world, and about 5% of the LNG
carrier under construction under Bureau
Veritas survey.
The performed studies allowed the verification
of the conformity of the tanks and LNG
carriers structure to the requirements of the
ICG code and to the Bureau Veritas ship rules.

Some local reinforcements and some post weld
treatments (grinding) have been specified.

The methods described in this paper can be
applied to other ship than spherical LNG
carriers.

The fatigue analysis allows the verification of
the structural strength for a life time of 40
years.

Tous droits de reproduction réservés – ATMA 2014
278

8. REFERENCES
[1] International
Maritime
Organization
(IMO), International Code for the
construction and equipment of ships
carrying liquefied gases in bulk, 1976

[5] Bureau Veritas – Guidance note for the
direct calculation of LNGC ND 350 –
2002
[6] Guillaume de HAUTECLOCQUE –
Quentin DERBANNES - Evaluation des
effets non linéaires sur le moment
fléchissant de design – ATMA - 2013

[2] Bureau Veritas – Guidance for the design
of LNGC spherical cargo tanks – 2004
[3] Gael POUCHAIN – Etude sur le
dimensionnement
des
sphères
de
méthaniers– 2004

[7] IACS. Blue Book - Standard wave data.
IACS - recommendation 34, 2001

[4] Bureau Veritas – Rules for the
Classification of Steel Ships, NR 467 DT
R02E – April 2005

Tous droits de reproduction réservés – ATMA 2014
279

