THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI
FASCICLE XI — SHIPBUILDING. ISSN 1221-4620
2016

STATE OF STRESS OF A HULL STRUCTURE RAMMED
BY THE BOW OF ANOTHER VESSEL

M adalina Prodan Vladut-Alexandru Vicol
“Dunarea de Jos” University of Galati, “Dunarea de Jos” University of Galati,
Faculty of Naval Architecture, Galati, Faculty of Naval Architecture, Galati,
47 Domneasca Street, 800008, Romania, 47 Domneasca Street, 800008, Romania,
E-mail:madalinaprodan_mp@yahoo.com E-mail:vladutalexandruvicol@yahoo.com

Costel lulian Mocanu
“Dunarea de Jos” University of Galati,
Faculty of Naval Architecture, Galati, Domneasca
Street, No. 47, 800008, Romania,
E-mail: costel.mocanu@ugal.ro

ABSTRACT

The study of structural strength of the hull stawetis essential to determine the safety and
integrity of the ship, in case of collision. Thgeative of this work is to study the impact
loading of a ship bow on a strengthened plane sirec using FEA software ABAQUS.
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lives of people on board have became re-
search subjects.

Nowadays, numerical analysis has a key2 THEORETICAL BACKGROUND
role in determining the structural strength of

the ship. Because the experimental tests are
According to existing statistics for mari- expensive, theoretical models have been

time accidents, made between 2011 andleveloped. They can facilitate the study of

2014, the collision between two ships andimpact problems.

between a ship and shore have a significant One of these theoretical methods is

percentage (Fig. 1). Johnson-Cook model [1], [2]. This is the

1. INTRODUCTION

Lossorconol [ most kown model for visco-plastic materials.
corsac: [ It considers the stress rate effects on fracture
comson [ and behavior model.

Grounding/stranding. [ Parameters of this model can be easily
Qe - found in free literature for different
Fire/Exptosion o materials.

FioodingFounderng [ 3% The equivalent stress is considered as a

Capsizing/Listing | 1% function of plastic strain rate and tempera-
Wuitssiore | 0% ture. The relationship for the stress flow de-

Fig. 1 The main causes of marine accidents fined by Johnson and Cook is empirical. It is

. represented as:
As a result, looking for new ways to en-

sure the integrity of the ship and save the oy, =[A+Bs”][ll+ Cln é*JD[l—(T*)m}
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where A,B,C,n and m are the material 3. NUMERICAL SIMULATION
parameters measured at or below the transi- The main objective of this analysis is to

tion temperatureT , € is the plastic strain, study the impact loading of an offshore pa-
trol vessel bow on a strengthened plane
structure, using FEA (Finite Element Analy-
sionless) foré, = 1s™ , and the temperature sis) software Abaqus (explicit dynamic mod-
. ulus). It was manufactured by the company
T is defined as (dimensionless): Dassault Systems.
T-Tooom It is necessary to define an element dele-
tion criterion. In this way, the ship bow will
pass through the plane structure.

This model is fracturing and considers |t will be considered that the plane struc-
load history. The occurrence and crack prop+ture is the side shell of one vessel midship. It
agation depends on the stess rate, temperds strengthened with steel flat bar profiles.
ture and pressure. Numerical simulations will include the

The Johnson - Cook model is also anollowing cases:

instantaneous failure model. It means that no a) the impact between the bow and the
: side shell, strengthened with longitudinal and

strength or stiffness remains after erosion,gnsversal profiles, at the minimum patrol
(failure) of an element, at least in stress.speed of12 Kn;

¢ =¢/¢, is the plastic strain rate (dimen-

T =

Tmelt - Troom

(Maxime Jutras, 2008 [3]) b) the impact between the bow and the
For strain at fracture the general expres-side shell, strengthened with longitudinal and
sion is given by: transversal profiles, at the minimum patrol

speed of 20 Kn.

£ 2 _ -
€ —[D1+D2expD20 ]D The main characteristics are presented

[1+ D,In€" oL+ DST*] in Table 1.
here D. =15 i ted b ant Table 1.Principal characteristics.
where D; =15 is represented by constants o Plate Profiles Bow
the damage model DD, D; are constants Tuoe
for the triaxial state of stress,[» the strain LengtrBreadtrThickness[ m)r/np] X LengthDiamete
parameter, Dthe temperature parameter forf [mm] | [mm] | [mm] [mm] [mm] | [mm]
constant values of the variables’ (¢” and FB
T") and forg’ <15 . 12000 8000| 10 | *%%%9 4550| 6000
The dimensionless pressure/stress ratla 270x10
is a measure of triaxiality of the stress state _ _
and is defined as: The 3D-CAD model of ship bow is de-
. o veloped in AutoCAD 2016 and then it was
o =—H imported in Abaqus. In this way, the actual
OcQ shape of the bow is preserved. On the other
where oy, is the hydrostatic stress, way, the plane structure is generated in
5 Abaqus because it has a simple geometry.
oy = Eoi'fcu'? the von Mises equiv- (Fig. 2).

For plane structure, there were used
alent stress. (Maxime Jutras, 2008 [3]). hexahedral type elements and for bow struc-
ture, tetrahedral type elements, as it is shown
in Figure 2a, 2b.
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t0 (front)

Fig.2b Bow mesh

The 3D-FEM plane structure has naval - t1 (front)
steel grade AISI 4340 and the projectile is

considered to be a linear material with theff
modulus (E), Poisson’s ratio)(and density
(p) of steel (Table 2a).

Table 2aMaterial characteristics

Steel Steel
(plate) (bow)
E (MPa) 205000 205000
v 0.3 0.3 -
p (/mm°) 7.85E-9 2.79E-8 t2 (front)
Table 2b Johnson-Cook parameters
Steel Steel
(plate) (bow)
A (MPa) 792 792
B (MPa) 510 510
n 0.26 0.26
m 1.03 1.03
D, 0.05 - =
D, 3.44 - t2 (back)
Ds -2.12 -
Dy 0.002 -
Dg 0.61 -

The plane structure is fixed at the edgeq
in all degrees of freedom. The bow has a
initial velocity of 12 Kn and, for second case,
20 Kn.
The results for case a) are shown in th
following images: t3 (front)
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13 (back) 6 (front)

t4 (front) ' 6 (back)

t4 (back) 7 (front)

{5 (front) 8 (front)

t5 (back) ' 19 (front)
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t9 (back)
Fig. 3 Case a) results

In Figure 4a and 4b are plotted the ki
netic energy (presented as a result of the mg
tion of the mass) and the strain energy (pre
sented as a result of the displacement of th
structure). They are represented as function
of time for the entire model considered.

Fig. 4aKinetic energy (case a)

t2 (back)

Fig. 4b Strain energy (case a)

The results for case b) are shown in th

following images: t3 (front)

t0 (front) B t3 (back)
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t6 (back)

t4 (front)
Fig. 5 Case b) results

Also, for case b), in Figure 6a and 6b
are plotted the kinetic energy and the strain
energy.

t4 (back) P N

t5 (front)

=

Fig. 6b Strain energy (case b)

3. CONCLUSIONS

From these results, it can be seen that
t5 (back) the kinetic energy (Fig. 4a, 6a) of impacting

5 bow drops and some of it turns into strain
energy. Due to this decrease, it can be ob-
served the increase of strain energy
(Fig. 4b, 6b).

Also, when impact speed is 12 Nd, we
can see that deformations occurred are likely
to be plastic and a part of the vessel energy is
converted into elastic energy of deformation
< so that it is moved in the opposite direction
t6 (front) of initial displacement.
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In the case of 20 Nd, it can be observed2].
that the bow runs through the side shell. In
this situation the plane structure is destroyed.

This work represents the beginning of
the research process whose purpose is to et
tablish the methodologies for verifying the
maritime structures for impact cases andy
beyond.
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