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ABSTRACT

The purpose of this study is to determine the stress states of the plating around the technological cut-
outs of a 37500 tdw chemical tanker under normal operational conditions, taking into account the effi-
ciency of operational optimization and structural strength increase.

This study will assess the stress state in the double bottom region of the ship, which experiences the
most significant external loads from hydrostatic water pressure and internal loads from cargo pressure.

Keywords: finite element method, hydrostatic water pressure, mechanical structural, stress calculation.

1. GENERATION AND ANALYSIS
OF THE FE MODEL

The structural analysis was conducted
using FEAP/NX Nastran. This software al-
lows the analysis of thermal or structural
models with varying degrees of complexity.

The study examined the stress conditions
in the ship's double-bottom region under stat-
ic load conditions in calm water. This was
achieved by contrasting two structural con-
figurations: the plated structure and the un-
plated structure of the vessel.

As such, for both structural variants,
comparisons will be made based on the type
of finite element used (triangular or quadri-
lateral) and its size (200 mm, 100 mm, 50
mm) with the scope of observing the influ-
ence of flat bars reinforcements around tech-
nological cutouts of the stress model.

Additionally, the evolution of stresses
will be monitored in 4 distinct ship elements
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located on the outline of the cutouts of both
the plated and un-plated structures.

The structure itself was modeled using
FEMAP, with the vessel dimensions shown
in Table 1.1, based on the structural elements
that make up the midship section, generated
using the POSEIDON ND v.21.4 program
package owned by the DNVGL classification
company.

Table 1.1 Dimensions and characteris-
tics of the simplified structure

L= 179,960 [m] | a,=0,800 [m] El size= 100mm
B=1322 [m] ar= 3,200 [m] No.ND=192291
D= 16,5 [m] Lnee=25,60 [m] | No. EL=196540
where:

Lyp — length between perpendiculars;
B — breadth;

D — depth;

ap — intercostal distance;

ap — distance between two floors.
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Fig. 1.1 Simplification and standardization of
the CAD structure

2. MATERIAL
CHARACTERISTICS

The materials used for the generation
and analysis must satisfy the criteria for
structural integrity, corrosion resistance,
long-term durability, and other attributes
relevant to the ship and its intended use while
also adhering to the standards and regulations
set forth by classification societies.

The primary material used in this analy-
sis is high tensile steel with the following
characteristics:

v' Yield strength: 6.=315 MPa;
v' Tensile strength: o, = 440 MPa;
v' Longitudinal elastic modulus:

E=2,1*10° MPa;

v" Poisson's ratio coefficient: v =0,3;
v Material density: p= 7800 kg/m>.

3. GEOMETRY AND MESH

Based on the 3D-CAD model, a 3D-FE
model (Figure 1.3a) was generated using the
plate and membrane elements of the FE pro-
gram, and stress concentrations in all struc-
tural elements was determined. To highlight
stress concentration in all structural elements,
it is necessary to use the membrane and plat-

ing elements implemented in the FE program.

The FE model utilized the Mindlin Plate
theory when representing the physical behav-
ior of plates, with the most common elements
used being quadrilaterals, with triangles as
the substitute elements where quadrilaterals
are not applicable.

Variation in FE elements occurred due
to the variation in sizes of the longitudinal
profiles and their positions.
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To analyze the strength of the ship's hull,
the central area of the cargo compartments
will be modeled, as it is the most heavily
stressed area.

In this study, a 3D structure was mod-
eled along the length of a cargo hold of
25600 mm located in the double-bottom area
between frames FR111 and FR143 (Fig. 1.2)

Fig. 1.2 The central region of the ship

il
Fig.1.3a The extended 3D-CAD structure

along the length of a cargo holds of 25600
mm

EIMIMIEII

Fig.1.3b Plating with flat bars around the
technological cutouts
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Fig.1.3¢ Geometric characteristics of the
plated cutouts

In the case of the plated structure, an ad-
ditional step is added: plating with flat bars
around the cutouts (Fig. 1.3c).

In Fig. 1.3c, the following geometric
characteristics are presented:

» A - the height of the technological cut-
out (A = 800 mm);

» R - the radius of the -cutout
(R = 300 mm);

» D - the diameter of the -cutout
(D =600 mm);

» B - the width of the flat bar
(b = 200 mm);

» s - the thickness of the flat bar (s =t -
the thickness of the web of the flange).

During production, the flat bar can be
made either from a single piece or from two
pieces of bar stock, joined together as shown
in section B-B.

Also, following the making of the 3D-
FE model, 192291 nodes and 196540 ele-
ments resulted (Fig. 1.4a and Fig. 1.4b).

Fig.1.4a The complete 3D-FE model of the
double-bottom structure
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Fig.1.4b Highlighting the 3D-FE structural
elements

The table below presents the types of
discretization elements employed as well as
the dimensions of the FE structure:

Tabel 1.2 Characteristics of the used elements

The type The dimen- NE. of NE. of
The type of of ele- sion of the
nodes elements
structure ment element

50 mm 794687 800672

QUAD 100 mm 192291 196540

Unplated 200 mm 52790 54778
nplate 50mm__| 791487 | 159632
TRI 100 mm 196394 399548

200 mm 52897 109333

50 mm 814021 819488

QUAD 100 mm 196211 200460

200 mm 53770 55758
Plated 50 mm 810989 | 1615348
TRI 100 mm 200489 403468

200 mm 53877 110313

4. EDGE CONDITIONS

Boundary conditions refer to the re-
quirements applied to the geometric bounda-
ries of a model to subject it to real world
loading conditions and obtain a relevant re-
sult. (Figure 1.5).

The edge conditions applied to the FE
model have the role of simulating the exist-
ence of real structures in the aft, fore and
bilge region of the vessel.

The edge conditions used for the study
of the model are shown in Table 1.3.
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Table 1.3 Boundary conditions for the 3D -
FE model

Blocked degrees of freedom

Boundary
condition T, Ty T, Rx Ry Rz

Symmetry in
the diametral - X - X - X
plane PD
The condi-
tion at the
level of
stringers
The condi-
tion of sym-
metry with
respect to the X X X X - X
adjacent
cargo hold in
the aft (PP)

The condi-
tion of sym-
metry with
respect to the
adjacent
cargo hold in
the bow (PV)

Fig. 1.5 Boundary conditions for the 3D - FE
model

5. LOADS APPLIED UPON THE
MODEL

The case of static placement on still water

The FE model is subjected to the fol-
lowing types of loads:

* QGravitational load given by the net
weight of the structural elements of the ves-
sel: ¢ = 9.81 m/s?, p = 7.8 t/m* and other
components on board of the vessel around
the modeled cargo tank.
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* The Cargo load, idealized on the dou-
ble bottom shell, double hull, longitudinal
and transversal walls, as hydrostatic pressure
of the cargo (p = 1.05 t/m3) [N/mm?], for a
reference quota HHC (D=14100 mm).

The hydrostatic pressure equation used
is given in (1):

p=pgz [kN/m?] (1

where:

p — density of transported goods [t/m3];

g — gravitational acceleration [m/s?];

z — vertical distance to the highest point the
goods reach inside the warehouse [m].

zog1

LL “““

Fig. 1.6 Hydrostatic cargo pressure distribu-
tion (Peargo = 1.05 t/m?)

®  Still water load:

The Still water load results immersion of
the vessel hull in seawater. It is idealized on
the outer shell, as the hydrostatic pressure in
the seawater (p = 1,025 t/m?), for a full load
draught of T = 14500 mm (Fig. 1.7).

Fig. 1.7 Hydrostatic pressure generated by
the still water (pwater = 1,025 t/m?)

Qv

Fig. 1.8 The loads applied to the 3D-FE
model on the inner and outer shell
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6. FE ANALYSIS RESULTS

A. Stresses and deformations of the un-
plated structure for an average discretiza-
tion of 100 mm

Regarding the tensions in the unbound
3D-FE structures, with the help of the fol-
lowing figures, we observed that:

v On the framed 3D-FE structure, the
Von Mises stresses have a maximum value
of 250.68 MPa in the bottom longitudinal
area.

v" On the reinforced flanges, the Von Mis-
es stresses reach a maximum value of 171.30
MPa.

v" On the sealed flanges, the stresses de-
crease, reaching a maximum value of 78.704
MPa.

v' The Von Mises stresses in the supports
and the Bilge stringer reached a maximum
value of 85.08 MPa.

v" On the double bottom's ceiling and the
inclined ceiling of the bilge tank, the stresses
reached a maximum value of 146.41 MPa.

On the bottom and the bilge shell, they
have a maximum value of 197.8 MPa.

All these Von Mises stresses do not ex-
ceed the maximum allowable stress of the
steel utilized.

Additionally, regarding deformations in
the unbounded 3D-FE model, it can be ob-
served that:

v" On the framed 3D-FE model, displace-
ments are significant in the central area of the
cargo hold around the Center Plane, with
maximum deformations reaching a value of
10.22 mm.

v' The displacements that occurred in the
reinforcement flanges have a maximum val-
ue of 5.01 mm.

v' In the case of the sealed flanges, the
displacements were small, with a maximum
value of 1.52 mm.

v' The displacements in the longitudinal
supports and the Bilge stringers have a max-
imum value of 4.95 mm.
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v In the bottom longitudinal, double bot-
tom, and bilge, the deformation reached a
maximum value of 7.02 mm.
v The displacements that occurred in the
double bottom ceiling and the inclined ceil-
ing of the bilge tank reached a maximum
value of 5.88 mm.

The bottom and bilge shell reached a
record maximum deformations of 10.22 mm.

For the interpretation of the analysis, the
maximum stresses in the structure and the
medium stresses on the elements will be con-
sidered (Fig. 1.9 and Fig. 1.10).

I 25068 !

6267
50136
37.602
25,088
12534

omg Simcenter NASTRAN Case 1
Deformed(10.2): Total Translason
Elemental Contour: Plate Top VonMises Stress

Fig. 1.1 In the case of calm water, Von Mis-
es stresses on the complete 3D-FE model.

 — y

z

Ouput S Simcenter NASTRAN Case 1
Deformed(10.2): Toal Transiaion
T

Fig. 1.10 In the case of calm water, the dis-
placements (complete 3D-FE model)

B. Stresses and deformations of the
framed structure for an average discreti-
zation of 100 mm.

Regarding the stresses in the framed
3D-FE structure, with the help of the follow-
ing figures (Fig. 1.11), we noticed that:

v On the reinforced flanges, the Von Mis-
es stresses reached a maximum value of
177.74 MPa.

v On the framed 3D-FE structure, the
Von Mises stresses had a maximum value of
250.86 MPa in the bottom longitudinal area.
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v On the framed 3D-FE structure, the
Von Mises stresses had a maximum value of
250.86 MPa in the bottom longitudinal area.

v' On the sealed flanges, the stresses de-
creased, reaching a maximum value of
78.699 MPa.

v" The Von Mises stresses in the supports
and the bilge's stringer have a maximum val-
ue of 86.08 MPa.

v" On the double bottom's ceiling and the
inclined ceiling of the bilge tank, the stresses
reach a maximum value of 146.4 MPa.

v" On the bottom and bilge shell, they had
a maximum value of 197.8 MPa.

All these Von Mises stresses did not ex-
ceed the maximum allowable stress of the
steel used.

Furthermore, in the case of defor-
mations in the framed 3D-FE structure, we
observed (Fig. 1.12):

v" On the framed 3D-FE structure, dis-
placements were significant in the central
area of the cargo hold around the Central
Plane, with a maximum deformation value of
10.16 mm.

v The displacements that occurred in the
reinforced flanges had a maximum value of
4.98 mm.

v' In the case of the sealed flanges, dis-
placements were small with a maximum val-
ue of 1.51 mm.

v' The displacements in the supports and
the bilge stringers had a maximum value of
4.91 mm.

v In the bottom longitudinals, double bot-
tom, and bilge, the deformations reached a
maximum value of 6.96 mm.

v The displacements that occurred in the
double bottom ceiling and the inclined ceil-
ing of the bilge tank reached a maximum
value of 5.87 mm.

v The bottom and the bilge shell recorded
a maximum deformation of 10.16 mm.
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Output s; Simcenter NASTRAN Case 1

Deformed(10.2): Total Transiation
\/ El Contour: Plate Top VonMises Stress

Fig. 1.11 In the case of calm water condi-
tions, Von Mises stresses (3D-FE model)

10.163

Output: s; Simcenter NASTRAN Case 1
Deformed(10.2): Total Translation
Nodal Contour: Total Translation

Fig. 1.12 In the case of calm water condi-
tions, the displacements (3D-FE model)

C. VARIATIONS IN STRESSES
AROUND CUTOUTS.

To analyze stress variations around cut-
outs, four symmetrically positioned zones
have been chosen, located around the cir-
cumference of the cutout, for both the
framed and unframed FE models (Fig. 1.13).

To achieve the most precise result, it
was necessary to analyze the 3D-FE struc-
ture through wvariations with increasingly
finer discretization, starting from 200 mm
(coarse discretization), moving to 100 mm
(medium discretization), and eventually
reaching 50 mm (fine discretization).

ZONE 3 ZONE 4

800

r.

~w

-

$
b
ZONE2| s | ZONE 1

Fig. 1.13 Detail of the areas of analyzed ele-
ments around the cutouts.
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Stress variations of the elements

MESH QUAD - UNPLATED STRUCTURE
Stress variations of the elements

Stress variations of the elements

(MESH QUAD 200 mm (MESH QUAD 100 mm (MESH QUAD 50 mm
VonMises Stress VonMises Stress VonMises Stress
ID ID ID
(MPa) (MPa) (MPa)
Zone 1 42.683 Zone 1 43.606 Zone 1 54.752
Zone 2 34.888 Zone 2 35.565 Zone 2 46.127
Zone 3 34.293 Zone 3 34.508 Zone 3 44.000
Zone 4 35.076 Zone 4 35.027 Zone 4 42.955

MESH QUAD - PLATED STRUCTURE

Stress variations of the elements Stress variations of the elements

Stress variations of the elements

MESH QUAD 200 mm (MESH QUAD 100 mm (MESH QUAD 50 mm
VonMises Stress VonMises Stress VonMises Stress
1D ID ID

(MPa) (MPa) (MPa)
Zone 1 39.034 Zone 1 39.909 Zone 1 48.213
Zone 2 33.017 Zone 2 33.491 Zone 2 40.906
Zone 3 32.086 Zone 3 32.692 Zone 3 43.490
Zone 4 34.370 Zone 4 33.019 Zone 4 37.111

Stress variations of the elements

MESH TRI - UNPLATED STRUCTURE

Stress variations of the elements

Stress variations of the elements

MESH TRI 200 mm MESH TRI 100 mm MESH TRI 50 mm
VonMises Stress VonMises Stress VonMises Stress
1D ID D

(MPa) (MPa) (MPa)
Zone 1 62.365 Zone 1 54.087 Zone 1 71.188
Zone 2 51.931 Zone 2 61.588 Zone 2 56.629
Zone 3 52.529 Zone 3 44.334 Zone 3 58.529
Zone 4 51.639 Zone 4 59.834 Zone 4 55.867

Stress variations of the elements

MESH TRI - PLATED STRUCTURE

Stress variations of the elements

Stress variations of the elements

MESH TRI 200 mm MESH TRI 100 mm MESH TRI 50 mm
VonMises Stress VonMises Stress VonMises Stress
1D ID D

(MPa) (MPa) (MPa)
Zone 1 44.448 Zone 1 47.471 Zone 1 55.722
Zone 2 37.700 Zone 2 47.117 Zone 2 46.664
Zone 3 38.347 Zone 3 40.889 Zone 3 47.284
Zone 4 41.610 Zone 4 49.592 Zone 4 45.396
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MESH QUAD, unplated structure MESH TRI, unplated structure

54.7520 711889
462272 44.0002 22,9558 566296 58.5208 55.8670
54.0879

43.6062
1 35.5659 35 ozu 6236
42,6830 34 5082 11 44 3347

Elemem zone Elemem zone
200 ®100 w50 200 =100 ®50

Fig. 1.14 Stress variations of the elements for ~ Fig. 1.16 Stress variations of the elements for

sg am

Mesh size (mm)
Mesh size (mm)

VonMises stress (MPa)
VonMises stress (MPa)

a quad mesh (unplated structure B-) a tri mesh (plated structure B+)
MESH QUAD, plated structure MESH TRI, plated structure
402008 R 371110 = z 47.4716 a7, 11:: - P sordis
i 33.4016 3 .6926 33 0193 E’ g 44 4486 AD 2 ’é
3”3 171 3 £ E
Element zone Element zone
200 100 w50 200 w100 w50
Fig. 1.15 Stress variations of the elements for ~ Fig. 1.17 Stress variations of the elements for
a quad mesh (plated structure B+) a tri mesh (plated structure B+)

The percentage differences between the  The percentage differences between the val-

values obtained for a quad mesh: ues obtained for a tri mesh:
a)  MESH QUAD 200 mm a)  MESH TRI 200 mm
ZONE B- B+ (%) ZONE B- B+ (%)
1 42,6830 39.0340 8.5491 1 62.3655 44.4486 28.7288
2 34.8889 33.0171 53650 2 51.9318 37.7006 27.4036
3 342939 32.0861 6.4379 3 52.5295 383471 26.9990
4 35.0766 34.3707 2.0124 4 51.6391 41.6106 19.4203
b)  MESH QUAD 100 mm b)  MESH TRI 100 mm
ZONE B- B+ (%) ZONE B- B+ (%)
1 43.6062 39.9097 8.4771 1 54.0879 474716 12.2325
2 35.5659 33.4916 5.8323 2 61.5883 47.1179 23.4953
3 34.5082 32.6926 5.2615 3 44.3347 40.8892 77716
4 35.0274 33.0193 5.7329 4 59.8343 49.5926 17.1168
c) MESH QUAD 50 mm c) MESH TRI 50 mm
ZONE B- B+ (%) ZONE B- B+ (%)
1 54.7520 482137 11.9417 1 71.1889 55.7221 21.7265
2 46.1272 40.9069 113171 2 56.6296 46.6649 17.5963
3 44.0002 43.4903 1.1589 3 58.5298 47.2847 19.2126
4 42.9554 37.1119 13.6037 4 55.8670 453969 18.7411
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Additionally, the type of element influ-
enced the obtained values, which is why
both quad and triangular finite elements
were used.

The completion of this step was based
on selecting a reinforced stringer of the 3D-
FE model for all types of discretization and
studying the stress state behavior in the ab-
sence and presence of plating with flat bars
around technological cutouts.

In the following figures, the differences
between these cases are presented, and it
was observed that:

v The Von Mises stresses on the rein-
forced stringers in the unplated 3D-FE struc-
ture formed stress concentrations around the
cutouts.

v' The Von Mises stresses on the rein-
forced stringers in the plated 3D-FE structure
decreased, avoiding the formation of stress
concentrations around these cutouts.

v' The values of Von Mises stresses in-
creased if other structural elements such as
longitudinal profiles were present near the
cutouts and if another cutout is present in the
close vicinity.

v" The lower area of the bilge is the least
affected by stress state influence. Finer dis-
cretization led to higher VonMises stress
values.

Zone 1 on the circumference of the cut-
out was the most affected area, with the
highest values.

7. CONCLUSIONS

From a global perspective, the process
of plating with flat bars around the cutouts of
a 3D-FE model in the double-bottom region
of a chemical tanker has the following ef-
fects:

v" Reduction of Von Mises stresses;
v" Reduction of structural deformations.

From a local perspective, analysis of the
influence of plating with flat bar reinforce-
ments around a specific cutout of a stringer,
showed that:
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v' The effect of the plating process con-
tributes to reducing stresses and defor-
mations in the ship's structure by standardiz-
ing the distribution of external loads and pre-
venting the occurrence of stress concentra-
tions that could affect structural strength.

v The presence of structural elements in
the vicinity of the cutout influences the stress
state around the cutout.

v' The presence of other cutouts around
the analyzed cutout also influences the stress
state around the cutout.

v The lower part of the cutout with most
stress concentrations.

The flat bar reinforcement used for plat-
ing absorbs some of the loads around the
cutout.

This calculation method can be success-
fully used to analyze the variation of stresses
in the double-bottom area of the ship.
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